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The sudden rise in world oil prices in 1973 led to a rapid
growth of interest in energy, and to the development of various
methods of analysing the use of energy in different situations.
This thesis considers the application of several types of energy

analysis to human communities, and sets out to produce an energy

and material flow diagram for a village in the Dry Zone of
Sri Lanka. The differences between the various types of analysis
are examined and discussed, particularly in relation to the
measurement of human energy. An appropriate analytical basis
is then identified for the construction of a flow diagram for a

human community. It is pointed out that the only measure of
the energy in foods and fuels which is suitable in the construction
of such a diagram is the heat of combustion, and attention is
drawn to the ecological significance of this measure.

Using data collected by the writer in Sri Lanka, a flow
diagram is produced for the village under study. The structure
of the diagram is explained and discussed, and the magnitudes of
the flows of energy are compared. It is observed that the energy

in the firewood used for cooking is twice the energy in the food
cooked. The inputs of energy to agriculture in the village are

also compared, and it is shown that the human energy input,
measured as the extra food energy required to perform the work
of cultivation, is less than the energy in the seed sown.

Finally, the interaction between the village and the
external economy is examined, and it is pointed out that although
many of the villagers live near subsistence level they export a

large proportion of their agricultural produce and depend on the
outside for many of their basic needs. It is concluded that a

flow diagram for such a community provides a more complete
description of its economy than would be possible with a conven¬

tional economic analysis in that it integrates the economic and
ecological interpretations of the use of resources.
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INTRODUCTION

The purpose of the present study is two-fold: firstly to
examine the current methodology in the energy analysis of human
communities, and to provide a suitable analytical framework on

which to base the construction of an energy flow diagram for
such a community; and secondly to construct an energy flow
diagram for a village in the Dry Zone of Sri Lanka.

Since 1973, when the sudden rise in world oil prices resulted
in a rapid growth of interest in energy, several attempts have
been made to analyse the use of energy in society and in the
economy. The methodologies adopted have varied considerably,
and the conclusions reached in apparently similar studies have
sometimes been totally different. A review of the relevant
literature is presented in the first chapter of this study, and
a number of misconceptions about energy which appear to have
developed are pointed out. A detailed analysis of the different
measures of the energy in foods and fuels which are used in various
sciences is presented in Chapter 2. The purpose of constructing
an energy flow diagram is discussed and the most suitable measure

of energy for constructing such a diagram is identified as the
heat of combustion. Average energy values are then estimated
for a range of fuels and human and animal foods.

A general description of Sri Lanka is given in Chapter 3, and
various aspects of the country relevant to the present study are

discussed. The distinction between the Wet and Dry Zones of the
island is pointed out and the type of village found in these
zones is described. The village chosen for the present study is
located in the Anuradhapura district of the Dry Zone and is
typical of many traditional or purana villages found in that area.

Before going to live in the village, the writer spent four months
in the island learning to speak and read Sinhalese. During that
time frequent visits were made to the village in order to become
acquainted with the villagers, their mode of life and their customs.
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All of the villagers were exceedingly helpful and courteous,

and made every effort to assist the writer in his study. Over
the period of six months spent in the village the writer was able
to observe many aspects of the life of the villagers, and also
to make measurements where necessary. The only instruments
used were a thermometer, a tape measure, three spring balances
of different capacities (1 kg, 20 kg and 200 lb), and a tripod
and alidade for surveying.

A detailed description of the village, its population,
their living conditions and the type of agriculture practised,
is given in Chapter 4. A qualitative energy and material flow
diagram is developed to describe the village economy, or the
way in which various energy and material resources are used to

satisfy the basic physical needs of the villagers. For the
purpose of analysis, the diagram is divided into seven parts,

corresponding to seven major sources and uses of energy in the
village. The first and most important of these is human energy,

which is discussed in Chapter 5. An estimate is made of the total
quantity of energy expended and consumed by the village population,
and also of the energy expended in individual activities, and
the quantities of individual foods which are consumed. Various
methods employed by energy analysts to measure the input of human
energy in work are compared, and a suitable measure is developed
for use in the present study. Three distinct types of agriculture
in the village are identified: paddy cultivation, chena or shifting
cultivation, and gangoda and home garden cultivation. The first
two are by far the most important. They are described separately
in Chapters 6 and 7, and estimates are made of the magnitude of
the various energy, material and money inputs, and the energy

output. The quantities of energy consumed and expended by the
buffaloes in the village, which are used as a source of draught
power, particularly in paddy cultivation, are estimated in Chapter 6.
So also is the energy used in processing the paddy to produce rice.
Gangoda and home garden cultivation is of little importance in the
village, and only the most important crop, the coconut palm, is
considered in Chapter 8.



The major fuel for cooking, and for other domestic heating

operations in the village, is firewood, which is discussed in

Chapter 9. Wood is also used in building the village huts and
other structures. An estimate of the quantities of wood so

used, and also the quantities of other building materials required
in the village, is made in Chapter 10. Finally, the last major
source of energy used in the village is kerosene, which is required
for lighting. This is discussed in Chapter 11.

Using the data derived in Chapters 5 and 11 on the flows
of energy, materials and money in the village economy, an integrated
flow diagram for the village is produced in Chapter 12. The
essential features of this diagram are studied, and various
comparisons are made between different flows. A gross input-
output energy analysis and a cash flow analysis are also carried
out. A number of conclusions is then drawn about the use of

energy and material flow diagrams to describe the economies of
human communities.
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CHAPTER 1 REVIEW OF LITERATURE

1.1 Introduction

The sudden increase in world oil prices in 1973 resulted in a

rapid growth of interest in energy and, in particular, the use of
energy in society and in the economy. Initially, attention was

restricted to fossil fuel energy and to methods of calculating the
quantities of such energy which were used, both directly and
indirectly, to produce various goods and services or to support a

particular style of life. These calculations formed the basis of
what came to be known as "energy analysis". Later, other forms of
energy which have an opportunity cost and which might be used
instead of, or as well as, fossil fuel energy were also considered.
Human and animal labour are examples. Where the output of a

particular sector of the economy is itself in the form of a food
or fuel, it is apposite to compare the energy input with the energy

output and possibly to calculate an "efficiency" ratio. Agriculture
is of some interest in this respect since the energy output is of a

different form from the energy input. Several studies have now been
carried out of energy use in agriculture and interesting comparisons
have been drawn between Western agriculture, where fossil fuel energy

is the major input, and "Third World" agriculture, where human and
animal labour are the major inputs.

In developed countries, the quantity of energy derived from
fossil fuels is far in excess of that derived from other fuels or

from human and animal labour. In developing countries, the reverse

is generally true. It has been pointed out that little is known
about the extent to which non-commercial fuels are used in developing
countries except that the consumption is high, particularly in rural
areas. Again, human and animal energy are known to be of primary
importance, but since most of the work done is unpaid, it is difficult
to assess from economic data alone what fraction they form of total
energy use. A few studies have been made recently of the overall
pattern of energy use in "Third World" countries and villages but
in all of these the data are very approximate.
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Detailed studies of the use of different types of energy for

agricultural and domestic purposes in Third World communities are few
in number. The sources and uses of energy in a human community are

interrelated in various ways and it is convenient to describe them
in the form of a flow diagram. This approach has already been widely
used by ecologists to describe the flow of energy in food chains for
various animal communities. A few attempts have been made to construct
the more complex energy flow diagrams needed to describe the flow of
energy in human communities but there is no general agreement on the
language to be used and the approach remains largely descriptive.

The studies of energy use reviewed here are divided roughly into
three groups: those relating to agriculture, which is the principal
occupation and economic activity in the Third World, those relating
to the Third World in general and those relating to specific Third
World communities and the construction of energy flow diagrams for
these communities. Most of these studies were published after 1973
and the conventions and methods of analysis used are broadly similar
within each group. A few studies, however, were carried out before
1970 and these are treated separately. In addition, there are some

more recent studies of energy and resource use in developing countries
which are relevant to the present study but which do not readily fall
into one of the three groups above; these are also treated separately.
No attempt has been made to review all of the literature on energy

use, but the studies discussed here may be considered representative
of the work in this field.

1.2 Early literature

One of the earliest attempts to estimate the energy expended by
an agricultural community in crop cultivation was made by Fox (1953)
in the Gambia. Only the expenditure of human energy was considered,
but in the village where the study was carried out this was clearly the
major energy input to agricultural production. The energy expenditures
calculated by Fox exclude the "basal" energy expenditure (see Chapter 5,
Section 3). However, the total energy expended in the cultivation of
each crop can easily be estimated since the average number of hours
worked (1) and the "basal" allowances (2) are given. The total energy
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expenditure (above "basal") on all crop cultivation was estimated
by Fox (3) to be about 40 million kcal (170 GJ). This is equivalent
to about 230 GJ if the "basal" energy expended is included (4). Fox
also estimated the total quantities of the different crops produced
during the agricultural season and their available energy contents (5);
the total energy content of the crops harvested was about 460 million
kcal (1900 GJ). Groundnuts, which were grown as a cash crop, accounted
for half of this total and about one third of the energy expended in
crop cultivation (3). Fox (6) estimated that the stored cereal crop
in 1949 would have provided only 210 million kcal (880 GJ), or less
than 70 percent of the total food energy requirement of the village
for the year. A shortage of food was apparently a recurrent problem
in the village.

Parrack pointed out in 1969 that although the flow of energy

through ecosystems, and the construction of food chains for various
communities, had been of interest to ecologists for several decades,
no study had yet involved man as part of a community (7). Taking as
an ecosystem a hypothetical square mile of land (260 ha) in a densely
populated area near Calcutta (8), Parrack attempted to quantify the
flows of energy or biomass at each trophic level and to analyse the
interactions between the human community of about 2,100 people and the
rest of the ecosystem. Much of the data used is very approximate and
in several cases no data appear to have been available. However,
Parrack does introduce, at a very elementary level, an interesting
diagrammatic representation of the principal interaction between
man and his environment, namely the practice of agriculture.

Representing the energy expended by man as £ , the energy expended by
his ox as E2 and the energy contained in the grain and straw of the
rice crop produced as Parrack writes (9):

It is pointed out that:

"The man and the ox work together as a unit, the man unable
to plow the fields and do the other tasks of cultivation by
himself, since the expenditure of energy would be more than
the yield. Most of the rice seeds are consumed by the man;
the ox gets little or none. The straw, which is inedible as
far as man is concerned, goes to the ox."



These interactions are represented by the following cyclic diagram:

i 1

E1 + E2 E3

Parrack does not develop this description any further; it is basically
similar, however, to the more complex diagrammatic representations
used to describe the flows of energy in agriculture by some later
writers.

In a study of the IKung Bushmen of Botswana, Lee (1969) compared
the time spent in hunting and food gathering activities with the
quantity of food collected over a four-week period (10). He defined
(11) an index of subsistence effort, 5, as the ratio of the number of
man-days of work (W) to the number of man-days of consumption (C).
The value S = 1 would correspond approximately to the food-gathering
activities of non-human primates (and most other vertebrates) where
every animal (except infants) searches for its own food every day.
This would not imply that there was no time for other activities,
however, since W does not take any account of the number of hours

spent working per day. For the IKung Bushmen, Lee (12) measured
an average value for S, over three of the four weeks, of 0.23.
Measurements were also made on the weights of food collected and an

estimate was made of the energy content of this food. It was calculated
that the per capita yield of food during the study period was about
2140 kcal/d (9.0 MJ/d), which was considered to be more than sufficient
to meet the energy requirements of the population (13).

The IKung Bushmen form one of the few hunter-gatherer societies
still in existence. They do not practise any form of agriculture
or keep domestic animals (except dogs) and there is no trade in food,
no paid labour and no cash (14). There is, however, a significant
sharing of food and all of the adults help in some way to search for
food. Lee (15) contrasted this elementary type of economic behaviour,
which may be viewed as a form of intraspecific exchange (that is,
exchange between members of the same species), with the interspecific
trophic exchanges which occur within any ecosystem and which are the
focus of attention in ecological energetics. He suggested that it is
in analysing the food-gathering activities of the human species that
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the studies of energetics and economics converge.

1.3 Agriculture

In most of the studies of energy use in agriculture carried out
since 1973 the analytical approach used has been essentially the
same. The inputs to agricultural production have each been assessed
in terms of quantities of energy, usually just fossil fuel and food
energy, required in their production. The total energy input has
then been compared either with the output of energy, measured as the
energy content of the crop (or useful part of the crop), or with
the output of protein. In many cases, the energy output has been
divided by the energy input to produce an "efficiency" ratio.
Different agricultural systems, ranging from totally unmechanised
traditional farming to fully mechanised modern farming, have been
contrasted in terms of their energy inputs, outputs of energy or

protein, or "efficiency" ratios. The difference between the various
studies lies mainly in the choice of conventions used in determining
how much energy is required to produce each input.

At least one study of the energy inputs and outputs in
agriculture was carried out before the dramatic increase in oil
prices in 1973 served to emphasise the dependence of Western
agriculture on fossil fuels. This was published by Black in 1971.
Previous analyses of energy use in agriculture, for example by
MacFadyen (1964) and Love (1970), had been restricted mostly to
determining how much of the solar energy incident on an agricultural
ecosystem was absorbed in the final agricultural product and what had
happened to the remainder of the energy. Black pointed out (16)
that there was also an indirect input of solar energy to agriculture
in the form of human or animal work, or fossil fuels; he sought
to calculate the magnitude of this input (in its finally used form)
for various agricultural systems and to compare it with the output
of energy available for human consumption. Similar calculations had
apparently been made before and, although no details seem to have
been available, Black mentions two earlier references, in 1956 and

1967, to analyses of this type (16).
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In calculating the energy inputs associated with human and
animal work in agriculture Black assumed average energy expenditures
of 150 kcal/h (170 W) for human beings (17), 600 kcal/h (700 W) for
horses and 400 kcal/h (460 W) for oxen (18). The average fuel
consumption of a tractor (19) was taken to be 0.5 gal/h (2.2 Z./h),
equivalent in energy units to 20,000 kcal/h (23 kW). Black ignored
any secondary energy inputs associated with human and animal work
outside working hours or with the manufacture of tractors and other
farm machinery (18). Fertilizers and chemical sprays, which require
substantial quantities of fossil fuel in their production, were also
ignored.

For grain crops cultivated by hand, without any use of draught
animals or tractors, Black (18) found that the ratio of the energy output
to the energy input, the "Efficiency Ratio", varied from 3 to 34, with
an average of 17 over the 13 crops examined. Two studies on crops

cultivated with the aid of animal power gave ratios of 6 and 14,
whilst for mechanised agriculture, the ratio ranged from 9 to 32,
with an average of 22 over seven sets of data (20). Black concluded
that although modern agriculture was capable of greatly increased
yields, there was no significant improvement in the "efficiency" of
energy use over hand cultivation (20).

In 1973, Pimentel et al made a now much-quoted study of the
energy inputs to maize production in the USA between 1945 and 1970.
All inputs, including machinery, agricultural chemicals and seed,
were considered in the study, but the conventions used in determining
the energy equivalent of each input are not clearly stated. For
example, the energy input associated with nitrogen fertilizer is
taken to be (21) 8,400 kcal per pound of nitrogen (77 MJ per kg).
This figure was apparently obtained from a review of different
methods of producing urea by Payne and Canner (1969), although
reference to the original paper shows that no such figure was derived.

For petrol, which accounted for the largest energy input to corn

production until 1970, Pimentel et al (21) assume an energy equivalent
of 36,225 kcal/gal (33.3 MJ/Z-), which is roughly equal to the low heat
value (44 MJ/kg). The energy required to extract and process the
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fossil fuel has not been taken into account. According to Leach (22)
this extra energy amounts to 13.4 per cent of the high heat value of
the petrol, giving a total fossil fuel energy requirement for petrol
of 39.7 MJ/I (53.2 MJ/kg), or 19 per cent above the figure of
Pimentel et al. Slesser (23) estimates that the data of Pimentel et
al should be increased by 15 per cent to give the Gross Energy
Requirement (GER).

The energy output associated with the maize yield is assumed (21)
to be 1800 kcal/lb (16.6 MJ/kg), which is approximately equal to the
heat of combustion of maize. In other studies of energy use in
agriculture, the energy output has been calculated on the basis of
the available energy in the food (when produced for human consumption),
which amounts to about 15 MJ/kg in the case of maize (see Table 2.8).
In a later presentation of the above data Pimentel et al (24) use

a "digestible" energy of 3,520 kcal/kg (14.7 MJ/kg), apparently given
by Morrison (1946), although this presumably refers to digestion by
animals and not human beings.

The ratio of the energy output to the energy input for corn

production was found to fluctuate between 2.7 and 3.7 over the six
years studied (25). Although the values of the ratio obviously
depend on the assumptions made, it is clear that the massive increase
in the energy inputs to corn production between 1945 and 1970 has
not resulted in an increase in the ratio.

In a later study, Pimentel et al (1974) extended the method of
analysis developed in this first study to other crops and agricultural
systems. Again, however, it is not clear how the energy inputs have
been calculated. It is pointed out (26) that in the earlier study a

number of energy inputs, for example the energy required in mining
for the iron ore and other resources used in the manufacture of farm

machinery, were not taken into account. Although it is emphasised
that all the energy inputs should be traced, the input associated with
farm machinery in the second study is exactly the same as in the
earlier study (27). For the simple tools, such as an axe and hoe,
which are used in hand cultivation, the energy input is estimated (28)
to be 16,500 kcal/ha/y (69 MJ/ha/y). This is based on the assumption
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that the tools weigh the equivalent of 4 kg per hectare, last for
about 5 years and require the same quantity of energy in their
production as is required in the construction of automobiles (29),
that is, about 32 million kcal (134 GJ) for a vehicle weighing
1,530 kg, or 20,900 kcal (87 MJ) per kg (30). The energy input
associated with fuel (31), presumably petrol or diesel fuel, is
9,570 kcal/7. (40 MJ/I). This is larger than in the previous study
and close to the total energy input estimated by Leach (22). Human
labour is accounted for in the same way as in the first study (32).
The energy input associated with housing and other necessities for
farm workers has obviously been ignored.

The energy ratios (output/input) calculated for 15 crop

production systems varied from 0.95 for wheat cultivation with
bullocks in India (33) to 37.5 for hand-cultivated cassava in Africa
(34). Care must obviously be taken in comparing these ratios since
some crops require more careful cultivation than others and yields
depend on many factors - not just the agricultural practices adopted.
Thus in Mexico, for example, a yield of 1944 kg/ha was observed for
hand-grown corn, compared to only 941 kg/ha for corn cultivated with
the aid of oxen. The difference in yield was primarily due to the
fact that the land in the former case was more fertile (35).

One of the most comprehensive studies of the use of energy in
food production was produced by Leach (1975). Although the study is
to a large extent concerned with food production in the UK, the inputs
and outputs of energy in various non-industrial and semi-industrial
agricultural systems are also examined (36). Different agricultural
systems are compared not only according to their energy ratios but
also according to the energy output per hectare of land and per man-

hour of labour (37),and the energy input per kg of protein produced
(36). Leach defines the energy input to a good or service as follows
(38):

"The 'energy input1 to a commodity, service, fuel or
whatever is always the total energy in the form of fossil
fuels extracted from the ground that has been 'spent',
however indirectly and wherever this consumption may
have occurred."
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Apparently this is also termed a Gross Energy Requirement [GER),
following the convention laid down by the International Federation
of Institutes for Advanced Study (IFIAS) in 1974, although it is
not clear whether other forms of energy apart from fossil fuels
should be included (39). Certainly Leach includes the energy

associated with human and animal work in what he calls pre-industrial
food production systems, where fossil fuel inputs account for less
than 10 per cent of the total inputs (38). They are also included
in semi-industrial systems (10-95 per cent fossil fuels), but in
full-industrial systems they are ignored since they amount to much
less than one per cent of total inputs. The calculation of all fossil
fuel inputs to agriculture is shown in considerable detail (40),
but the estimated inputs of food energy associated with human and
animal work are not explained.

Leach presents a total of 85 energy budgets for various food
production systems (41), 23 of which are pre- or semi-industrial.
The highest energy ratios (> 10) were obtained for subsistence
agriculture and the lowest (< 0.1) for fishing (42). In the UK, the
energy ratios were less than 10 for all types of farming and less
than one for all animal products (41). It should be emphasised that
energy ratios depend on where the system boundaries are drawn. Thus
Leach estimates that in the UK the energy ratio for wheat production
averages about 3.4 (43), but for agriculture as a whole it is only
a tenth of this; when all the energy inputs to processing, packing
and distribution are included the ratio falls to 0.20, and when
domestic energy inputs in food preparation are included, to 0.14 (44).

One of the earliest attempts to measure the inputs of energy to
different food production systems was made by Slesser (1973).
Altogether 131 systems were studied. The energy subsidy to each
system was defined as "the sum of the energy equivalents of all the
network inputs" (45). At the time the study was made,insufficient
data were available for all the energy equivalents to be calculated,
and accordingly Slesser had to ignore the energy associated with
irrigation, machinery and transport (46). In addition to the direct
energy subsidy to food production, Slesser also included "human energy
and energy for life support" in his calculations. For low intensity
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farming systems (47), the human energy input was estimated from data
compiled by Black (1971) to be about 150,000 kcal/ha/y (630 MJ/ha/y);
the energy for life support was considered negligible. For intensive
farming systems (46), the human energy input was estimated to be only
27,000 kcal/ha/y (110 MJ/ha/y), on the assumption that one worker
consuming 3,000 kcal/d (13 MJ/d) could work 40 ha of land. However,
the life support system for a worker and his family in an industrial
society was estimated to require in excess of 20 million kcal/y
(80 GJ/y) or 500,000 kcal/ha/y (2 GJ/ha/y), and accordingly this term
was added to the direct energy subsidy for all intensive farming
systems. In making these estimates, Slesser does not appear to have
realised that Black's data on the human energy input to agriculture
accounts only for the energy expended by the worker himself. If, as

Slesser suggests for low intensity farming, there is one family living
on every 5 ha or less of land worked (45), the total food energy
consumed by the worker and his family (48) will be about 850,000 kcal/ha/y
(3.5 GJ/ha/y).

Slesser did not calculate energy ratios for any of the systems
considered. The output of food was expressed as the weight of protein
produced and Slesser (49) found that for vegetable and industrially
produced protein, the protein yield p (measured in kg/ha/y) was
related approximately to the energy subsidy e.s. (measured in
103 kcal/ha/y) according to the equation,

P = 1.415 (e.s.)0,718

In a later, more popular study of the energy inputs to agriculture,
Slesser (1975) emphasised the results of his earlier work and discussed
some of the implications for Western agriculture. Unfortunately, there
is a substantial number of numerical inconsistencies in this later work.

In particular, the revised version of the data produced by Pimentel
et al (1973) on corn production in the USA is completely erroneous (50).

Slesser drew attention to the fact that although increased yields
of protein can be obtained by increasing the energy input, there is
a limit to the yield possible for a given crop on a given area of land
(51). He estimated that when the area of agricultural land available
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dropped below 0.1 ha/capita, the energy requirements necessary to
maintain self-sufficiency on a "European" diet, with two-thirds of
the protein intake in the form of meat or fish, became prohibitive

(52). It was pointed out that developed countries with high
population densities have avoided this problem by trade and fishing
and that much of the food consumed is obtained from the sea and from

land abroad. These areas of sea and land have been described as

"ghost acreages" and for the UK amount to about 74 per cent of the
total area effectively used to feed the population (53).

Although not wholly relevant to the present work, the study of
energy use in British agriculture carried out by Blaxter (1975) should
be mentioned. Blaxter considered both the biological and industrial
aspects of agricultural energetics in the UK and pointed out that it
is largely through the greater use of industrial energy in agriculture
that the biological output of energy has been increased (54). He
calculated that the proportion of the incident solar energy recovered
as primary plant production in British agriculture averaged 0.18 per

cent but that only 12 per cent of this was eventually consumed as

plant or animal food (55). The energy equivalents of the fossil fuel
inputs to agriculture were calculated from data compiled by Leach
and Slesser (1973) and included the indirect as well as direct use of
fuels (56). It was estimated that the edible food output amounted to
34 per cent of the total fossil fuel energy used, including the fuels
required in producing and transporting imported feedingstuffs (57).
It is interesting to note that, unlike most other studies of energy use

in agriculture, Blaxter measures all energy outputs in terms of heats
of combustion rather than available energy (58). In the circumstances,
with several different system boundaries being considered (so that
the output may be primary plant production, farm gate output or

edible food yield), this is clearly the most sensible definition of
the energy output.

1.4 Third World

Few studies have been made of the patterns of energy use

throughout the Third World because the necessary data are simply
not available. This is precisely what Makhijani and Poole (1975)
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found in their attempted study of energy and agriculture in the
Third World. There is some information available, mainly from

anthropological studies, on the use of resources in individual
villages in the Third World and this could be used to estimate the
quantities of different types of energy expended. However, this
information is quite insufficient to form a comprehensive picture
of energy use over large areas or populations. Accordingly,
Makhijani and Poole created six hypothetical villages, supposedly
typical of those found in certain developing countries, and set out
to estimate the quantities of energy derived from different sources

in these villages. The data given are, of necessity, approximate
and in many cases there is no explanation as to how they have been
derived.

Makhijani and Poole prelude the data which they have compiled
for the six villages with the surprising assertion that in the
underdeveloped countries the use of energy per hectare in agriculture
is often greater than it is in the developed countries (59).
Furthermore, it is pointed out, since agricultural yields are generally
lower in the underdeveloped countries, the input of energy per ton of
food produced is much higher than in the developed countries. This is
entirely contrary to the findings of the other studies referred to
above, but it is borne out in the data presented by Makhijani and
Poole (60). Although it is difficult to discuss the validity of these
data when they are only intended to be indicative (61), some

explanation of this unexpected result is to be found in the unusual
way in which Makhijani and Poole have calculated the energy equivalents
of some agricultural inputs. The energy input associated with human
labour, for example, is taken to include all the food energy consumed
by all the people in each village (62). Depending on the availability
of draught animals, 50 per cent or 75 per cent of this input is
attributed to farm work and the remainder to transport, crop processing
and other activities (63). On the other hand, the energy used to
produce and maintain farm machinery is not counted as an energy input,
nor is the energy used in extracting and processing fossil fuels (64).
These conventions serve to magnify the energy inputs to labour-intensive
agriculture and diminish those to industrialised agriculture.
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Makhijani and Poole are possibly the first in this area of
research to apply the ill-defined, and now often abused, concept of
"useful energy" (65). As shown in Chapter 5, Section 3, although it
may be possible to ascribe a meaning to this term in specific instances,
it cannot be generally defined in relation to all uses of energy. It
is, therefore, meaningless to sum the quantities of "useful energy"
derived from different sources, as Makhijani and Poole have done for
each of their six hypothetical villages. The "useful energy" from
fertilizer, defined, for want of a better definition, as the amount of

energy required to produce the fertilizer (66), is hardly a similar
quantity to the "useful energy" associated with human work, which is
calculated, following a comparison with draught animals capable of
exerting a measurable pull on a plough, as 5 per cent of the food
energy intake of those working (67).

Makhijani and Poole also tried to quantify the energy needed for
domestic purposes. The results of the six village case studies show,
in fact, that most of the energy used in rural areas, including that
used in agriculture, is for domestic cooking and heating (68). Wood
is the most widely used fuel for domestic purposes, although the use

of other non-commercial fuels such as crop residues and dung has also
been estimated.

In a later publication, Makhijani (1976) looked broadly at the
energy needs of people living in rural areas of the Third World and
at various ways of satisfying these needs with the resources available.
Biogas was considered to be one of the most important energy technologies
for the Third World and particular emphasis was placed on the development
of community biogas plants. These, it was claimed, would not only
provide jobs but also increase the supply of food through the use of the
residue as a fertilizer and the gas as a fuel for irrigation and
possibly draught power. A simple energy flow diagram was constructed
to show the principal energy inputs and outputs for a village using a

community biogas plant (69). The approximate magnitude of most of the
energy flows is given. However, only a few of the figures are

explained and some of them are rather implausible. The total food
energy intake in the village is assumed to be 12 MJ/capita/d, or with
six people per hectare of cultivated land, 25 GJ/ha/y. As shown in
Chapter 2, Section 4, human faeces and urine generally account for



about 10 per cent of the total intake of food energy, so. that the
energy content of the human excreta produced in the village would
amount to about 2.5 GJ/ha/y. Makhijani, however, assumes a figure of
10 GJ/ha/y. Furthermore, the average per capita supply of available
food energy in 38 low-income countries (including India) was estimated
by the World Bank (1980) to be about 2,050 kcal/d (8.6 MJ/d) in 1977
(70). This is equivalent to a total food energy intake of only about
9.5 MJ/capita/d, which is considerably less than Makhijani's estimate.

In 1976, Revelle published a now oft-quoted study of energy use

in rural India, in which he attempted to assess the quantities of
commercial and non-commercial energy used for different purposes by
the rural population. Non-commercial energy, which accounted for
an estimated 27 MJ/capita/d, or almost 90 per cent of total energy

use (71), was taken to include human and animal work and non-commercial
fuels, comprising firewood, cattle dung and crop residues. Commercial
energy was accounted for mainly by petroleum fuels and fertilizer,
with small quantities of coke and electricity also being used.

The calculations involved in this essay have been presented in
some detail but unfortunately many of the references are imprecise
and in some cases appear to be wholly inaccurate. In addition, there
is a number of errors in the data presented, and the validity of some

of the assumptions made by Revelle is questionable. For example,
the calculation of the energy expended in human labour is given in
considerable detail (72) but, as explained in Chapter 5, Section 3,
the final figures are all 20 to 30 per cent higher than they should
be on the basis of the assumptions Revelle claims to make. In

estimating the energy expended by bullocks in rural India, Revelle
makes two rather dubious assumptions (73): firstly, that

"a fully employed bullock, like a human manual worker,
utilizes about 43 per cent of the energy it consumes
in work";

and secondly, that 83 per cent of the work done by bullocks in
India is carried out in rural areas. It is not clear where the first

figure comes from and in any case there is no basis for this assumption
the second figure appears to have been derived from very rough



estimates made by Henderson (1975) of the consumption of non¬

commercial fuels in India, and not of the use of bullocks (74).

The data used by Revelle on the consumption of non-commercial
fuels (75) are all obtained from Henderson (76). Firewood consumption
is given by Revelle as 83 per cent of 126 million tons, although
according to Henderson the latter figure refers to the consumption
of firewood and charcoal together. It is not clear whether the
charcoal fraction has been converted to an equivalent weight of wood,
but Revelle treats the entire weight as firewood and assumes an

energy value of 4.4 x 106 kcal/t (18.4 MJ/kg). This value was

apparently obtained from Reed and Lerner (1974), although the figure
they give, the low heat value, is 17.5 MJ/kg (77), five per cent less
than Revelle's figure. For dried cow dung and crop residues, Revelle
assumes an energy value of 3.3 x 106 kcal/t (13.8 MJ/kg). However,
Henderson's data on the equivalent weights of these fuels used, in
"million tons of coal replacement" (78), suggest that the heat value
of vegetable wastes is about the same as that of firewood whilst the
heat value of dung is less than half of this value (79).

According to Revel 1e's data the total consumption of non¬

commercial fuels in rural India amounts to an average of about 20 MJ/
capita/d, of which firewood represents 60 per cent (71). However,
no account is taken of the use of cow dung as a fertilizer. Henderson'
figures (80), and estimates quoted by Harris (81), suggest that this
use could be as large as, if not larger than, the use of cowdung as

a fuel.

Revelle's data indicate that agriculture accounts for just over

20 per cent of total energy use, whilst domestic activities, to which
Revelle allocates 90 per cent of all non-commercial fuels consumed (75)
account for over 60 per cent (71). Revel!e compares his results with
estimates made by Steinhart and Steinhart (1974) and by Pimentel et
al (1975) of the energy used in food production in the USA. These
suggest that total energy use in food production per unit of food
energy consumed, and average energy use per hectare in agriculture,
are some three times greater in the USA than in India. However, in
grain production, energy use per ton of grain yield appears to be



slightly higher in India than in the USA (82).

In general, the primary aim of analysing energy use is to assess

the quantities of energy, in the form of food and fuels available to
man, which have been used to support the economy or a particular sector
of the economy. The differences between the analyses carried out by
various writers are primarily over the assessment of the quantities
of fuel or food supposedly used and not the measures of energy

associated with these quantities. Thus with human energy expenditure,
for example, it is the fraction of the total intake of food energy

apportioned to the work done which varies and not the energy equivalent
of the food. It is worth noting, in this connection, that in most

energy analyses, and in all of those considered here except that of
Blaxter, food energy has been measured as the energy available to man

after faecal and urinary losses have been deducted. To be consistent,
however, the energy associated with all fuels or food should be
measured in the same way. The high and low heat values are both
suitable in this respect but measures of available energy can only
be applied to food.

The heat of combustion, which is the high heat value at constant

pressure, is the measure normally applied to fuels in energy analysis.
It is equal to the total quantity of energy released on complete
oxidation of the fuel under specific conditions of temperature and
pressure. In practice, much of this energy is not available to do
work but is lost through incomplete combustion and as latent and
sensible heat in the gaseous products of combustion released as waste.
The proportion of the total energy, as measured by the heat of
combustion, which is recovered in a useful form, say as movement of
a shaft or as an electric current, will depend on the fuel and the
combustion apparatus used. The quantity of "useful energy" obtained
is, in many instances, very difficult to measure or even define, but
the difference in effect between various fuels can easily be shown by

comparing the quantities of fuel energy required to complete a given
operation. Because of these differences one megajoule of petrol
energy is not the same in terms of its potential effect as one

megajoule of wood energy or one megajoule of energy in the form of
rice. Estimations of total energy use, obtained by summing the
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quantities of energy derived from different fuels (as measured by
their heats of combustion), do not give any clear indication of
how much work may have been accomplished by the use of these fuels.
Unfortunately, it is difficult to conceive of any measure of energy

use which does, since the work accomplished is usually in many

different forms, only some of which can be measured by a common unit.

In an attempt to take account of these differences between fuels,
Desai (1978) proposed three measures of energy use - "primary energy",
"final energy" and "useful energy". These measures were applied in an

analysis of energy use in India in which the three major sources of
energy in the economy - commercial energy, non-commercial fuels and
animate energy - were considered. "Primary energy" was described as

"the energy derived from natural resources (including energy from
agriculture)", "final energy" as "the energy delivered to the economy

by the energy mining, growing, processing and transforming industries",
and "useful energy" as the "energy that results in useful heat or work"
(83). "Primary energy" is clearly similar to the Gross Energy
Requirement used in relation to fossil fuel inputs in energy analysis;
"final energy" is more or less what Revelle (1976) has measured in
his study of energy use (except with regard to human energy); and
"useful energy" is obviously related to the measure used by Makhijani
and Poole (1975).

All of these quantities are, in effect, measures of energy use

carried out at different levels or stages; Desai actually refers to
these measures as levels of aggregation. In general, a fuel may be
transformed and processed in various ways before it is finally used;
even after combustion has occurred a number of energy transformations
may take place before all of the chemical energy originally stored in
the fuel is finally degraded. The use of the energy from a particular
fuel, therefore,may be measured at various stages. However, because
the processes and transformations undergone by different fuels are not

always comparable, it is difficult to define a common stage at which
to measure the cumulative use of all fuels. None of the measures,

or levels of measurement, proposed by Desai is entirely satisfactory.
This is particularly apparent in the application of these measures to
human work, where the transformations undergone by the energy originally



stored in food are quite different from those involved in the use

of other sources of energy.

The "primary energy" associated with human work was taken,
supposedly following Revelle (1976), to be the total food consumption
of the working population (83); in fact Revelle only counted the
energy expended during work. Desai ignored the work done by
"housewives" and children (84). The "useful energy" derived from
human work was calculated in a curious manner (see Chapter 5, Section
3), by assuming a constant "efficiency" for human muscular effort;
The "final energy" was calculated as the "maximum work capacity"
(85), which is, supposedly, the maximum quantity of useful energy

obtainable assuming no leisure activities. Desai claims that this
is the only possible meaning of "final energy" in relation to human
and animal work which is compatible with the application of the
measure to inanimate sources of energy. In fact, this definition of
"final energy" is quite different from the definition applied to fuels
since it is measured after combustion of the food (or chemicals derived
from the food in the body) has taken place.

"Primary energy" is the most clearly defined of the three
measures proposed by Desai. In the case of commercial fuels it is
simply the total quantity of fuel energy extracted from the ground,
whereas the "final energy" is the net quantity available after
extraction and processing. It is only with electricity that the
meaning of "primary energy" is not obvious; Desai chooses to count
all electrical energy as thermal in origin, which results, of course,

in the creation of "phantom fuels" (83). Of the non-commercial
fuels, dung and charcoal are not counted as sources of "primary energy"
presumably because they are derived from primary sources, namely
animal feed and wood respectively (86).

Desai concluded from his analysis that the relative contribution
of the different sources of energy used in India depended to a great
extent on the "level of aggregation" chosen (87). In terms of
"primary energy", the largest contribution to total energy use in India
was found to be animate energy (derived from human beings and animals)
which accounted for 42 per cent. Of the total "final energy" available,
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animate energy accounted for only 7 per cent whilst non-commercial
fuels accounted for 55 per cent. Finally, at the level of "useful
energy", commercial fuels were responsible for just over half of
the total. However, although it is true that a higher proportion of
the energy in commercial fuels is ultimately recoverable than with
non-commercial fuels or animate energy, the differences in the
relative contributions of the various energy forms is largely a

consequence of the manner in which Desai has chosen to define his
three "levels of aggregation".

Finally, it must be emphasised that the results of the analyses
of energy use carried out by Desai and others are very dependent not

only on the consumption data used but also on the energy equivalents
assumed. As already pointed out, the heat of combustion is the
measure normally used in energy analysis. Desai does not state which
heat value his energy equivalents (88) refer to, but from the energy

equivalents given for oil fuels it would appear that the low heat value
is being used. The values given for non-commercial fuels are very

approximate and it is difficult to say which heat value has been used
in this case. Nevertheless Desai's value of 15 MJ/kg for firewood
is significantly lower than Revelle's value (75) of 4.4 x 106 kcal/t
(18.4 MJ/kg). Similarly the value given for dung is only 10 MJ/kg
compared to Revelle's 3.3 x 106 kcal/t (13.8 MJ/kg).

1.5 Energy flow diagrams for human communities

The flow of energy between living organisms and their environment
is of central interest in the study of ecology. Energy flow diagrams
have been constructed by ecologists for various animal communities in
both marine and terrestrial environments. These diagrams trace the
flows of energy between different trophic levels in food chains and
food webs. Until relatively recently no attempt had been made to
construct an energy flow diagram for a human community.

In 1971, Rappaport sought to examine the flows of energy involved
in the "slash-and-burn" agriculture practised by a small group of
about 200 people called the "Tsembaga" in New Guinea. (The data for
this study were collected in 1962 and 1963 and were published by



Rappaport in 1968, although no attempt was made at that time to
construct an energy flow diagram.) The flow diagram produced by
Rappaport (89) is in two parts, the first part detailing the major
inputs of human energy in the cultivation of two "slash-and-burn"
gardens producing different crops, and the second showing how the
produce from these gardens is divided between the human inhabitants
and the domesticated pigs which they keep. The diagram is of a very

elementary form and is quite different from the type constructed by
ecologists to illustrate the flow of energy in animal food chains.
The consumption of meat from the pigs plays an important part in the
Tsembaga diet and culture but it is not shown in the flow diagram;
nor is the energy expended in activities other than "slash-and-burn"
agriculture. It is doubtful, in this instance, whether the use of
a flow diagram contributes much to an understanding of the agricultural
system described.

To estimate the human energy expended in gardening activities,
Rappaport referred to measurements made by Hipsley and Kirk (1965)
with another New Guinea people (90). These measurements are, like
those of Fox (1953), expressed in kcal/min above basal metabolism
(91), something which Leach does not appear to have realised in using
Rappaport's figures (92). To evaluate the energy expended per unit
area of garden, Rappaport conducted time and motion studies with a

few of the workers, although it appears that in most cases the areas

covered were only estimated by eye (93). Despite the large errors
involved in these approximations, and others resulting from the use

of the measurements made by Hipsley and Kirk (94), the final data are

given to the nearest kcal/acre. In some cases this has led to a

spurious accuracy of six significant figures (89). The crop yields
given by Rappaport have also been expressed to an impossible level
of accuracy.

McArthur (1974) has written an interesting review of Rappaport's
original study with particular emphasis on the nutritional and
anthropological aspects. She concluded that although such studies
were very worthwhile, it was doubtful whether any individual could
alone succeed in conducting a study as comprehensive as that attempted
by Rappaport (95).
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The energy flow diagram produced by Kemp (1971) for a community
of modern Eskimos on Baffin Island (96) is more detailed and
informative than that produced by Rappaport. The data presented in
the diagram are based on measurements and observations made in two

village households over a period of 54 weeks in 1967 and 1968. No
details are given of how the measurements were made and, as in

Rappaport's study, many of the figures are expressed to a far higher
accuracy than is plausible. Kemp includes currency flows in his
diagram and shows how money obtained as wages and government payments,
as well as from selling skins, furs and carvings, is used to buy food,
ammunition and fuel. It is interesting that the edible food energy

available from the wild food caught is almost exactly equal to the
total consumption of food energy by the two households, even though
half of this total is obtained from other foods bought outside. For
some reason Kemp has not converted the data on fuel consumption to

energy units whereas the energy equivalent of the ammunition used in
hunting is given. Although the flow diagram is very comprehensive and
must cover most uses of energy in the eskimos' lives, the energy flows
into and out of each element do not always balance.

Possibly.the most extensive contribution to the study of energy

flows in human communities is that of H.T. Odum, whose controversial

work, "Environment, Power, and Society", published in 1971, appears

to have played a seminal role in the recent surge of interest in
energy analysis (97). Unfortunately, most of Odum's work is imprecise
and serves only to suggest possible applications of energy flow analysis.
Except in a few cases, the energy flow diagrams which have been
constructed do little more than indicate relationships existing between
various components. The magnitude of the energy flows is given in
only a few instances and in none of the diagrams have all the flows
been evaluated. Odum attempts to construct energy flow diagrams for
a wide range of systems but many of the applications would seem to be
rather inappropriate. For example, an entire chapter in Odum's book
is devoted to an "energetic basis for religion" (98). Several flow
diagrams purport to show the place of religion in society and the manner

in which various aspects of religious belief and practice are related.
The last of these diagrams (99) bears the description,
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"Common abstractions of energetics and religious teachings
showing angelic operations of order, evolution, and selection
of information above and the evil processes of disorder,
dissipation, and heat death below."

The source of energy in the diagram is the sun, whilst "Hell" is
evidently the final heat sink. Other components include "Good works"
and what is described as "Natural selection, Pearly Gates". The

energy flows are labelled with such descriptions as "Immortality",
"Truth" and "Disordering Hell's fire".

Odum compares six different types of energy flow diagram which
have been produced by various writers (100), and identifies the need
for a common language to describe energy flows. The language which
he uses in practically all of his flow diagrams, and which has been
used by other writers after him, is based on 16 formalised types of
component or process, called "modules", which operate in specified
ways (101). A number of the modules have electrical analogues. For
example, the "energy source" module is likened to a battery and the
"energy storage" module to a capacitor (102). Of particular interest,
and of special relevance to Odum's work, is the diamond-shaped money-

transaction module which is used in systems involving money cycles
as well as energy flows. According to Odum (103),

"Money flows in the opposite direction to the flow of
energy and the concept of price which operates among
human bargains adjusts one flow to be in proportion
to the other. Thus a man purchasing groceries at a
store receives groceries in one direction while paying
money in the opposite direction."

Odum frequently refers to the similarities between energy flows
and other types of flow found in nature, such as water flows and
electric current. He also tries to apply the concept of energy flows
to economic activities, social interactions, military operations and
behavioural systems and suggests that all causes and effects in these
systems are related to flows of energy which operate in the same way as

in physical systems. Indeed it appears to be a central theme in
Odum's work that the concepts of force, flow and power, which are well-
defined in relation to physical phenomena,may be applied equally well to
social and economic phenomena (104). However, until the precise form of
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the various relationships suggested by Odum in his flow diagrams
can be properly defined, it is difficult to discuss the validity
or usefulness of these extensions of physical concepts to other
areas.

In a later publication, Odum and Odum (1976) explore further
the relationships between man and his environment and the corresponding
flows of energy. Again, however, energy flow diagrams are used
primarily to demonstrate the relationships between different components
in a system, and few of the flows are quantified.

According to Newcombe (1976), the concept of the energy flow
diagram, developed by Eugene and Howard Odum in the 1960s, is a

milestone in the study of ecology (105). In fact, an analysis of
the flows of energy in a natural ecosystem was attempted by Teal in
1957, and the concept of energy flows in ecology may be traced back to
the pioneering work of Lotka (1925) who first applied the laws of
thermodynamics to ecology, Transeau (1926), Juday (1940) and Lindeman
(1942).

By the mid-1970s there was growing interest in the use of energy

flow diagrams, and the development of some form of energy flow analysis,
as aids to understanding the complex systems found in the study of
anthropology and human ecology. In 1975, a workshop held in Wisconsin
on "Energy flow in simple man-occupied ecosystems" reviewed various
attempts to construct schematic and mathematical models of the flows
of energy in human ecosystems (106). The flow diagrams produced by
Rappaport (1971) and Kemp (1971) were referred to, and an energy flow
diagram constructed by Thomas (1975) for a family of Nunoa Indians in
the Andes was presented in one of the workshop papers. The flow
diagram language was very similar to that used by Odum (1971), but
Thomas distinguished between flows of energy and flows of what he
called "regulating variables" (107). In addition, he introduced a

"strategy-decision" module to indicate those points in the energy

flow diagram where the magnitude of a particular flow, or the division
of a flow into several smaller flows, is determined by a man-made
decision or strategy. This is a useful symbol in the diagram for it
shows where a change in the structure of the diagram, or in the relative
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magnitude of different flows, could most readily be effected.
Thus man cannot easily control the quantity of solar radiation falling
on the land but can control the relative amounts received by crops

as opposed to pasture. Similarly, the quantity of dung produced by
the animals is beyond his direct control, but he can decide whether
or not to collect the dung and, if it is collected, how much to use

as fuel rather than fertilizer for his crops.

An interesting feature of the energy flow diagram produced by
Thomas, and also of those produced by Odum (1971), is the use of a

"work-gate" symbol to represent the situation where one flow of energy

is directly dependent on another. The controlling flow may be much
smaller than the main flow but a slight change in its magnitude can

have a significant effect on the magnitude of the main flow. An
important aspect of such an interaction is that the two flows are

quite distinct and do not join. The "work-gate" symbol is of
particular relevance to human ecosystems since it may be used to
demonstrate the effect of the various activities performed by man in
controlling the flows of energy in his environment. Thus in agriculture,
man expends energy in a variety of activities in order to secure a flow
of energy in the form of food. This process can be represented in an

energy flow diagram by using a work-gate where the controlling flow
is the energy expended by man and the main flow is the yield of food
energy.

As yet, little work has been done on the mathematical modelling
of energy flows in human ecosystems. The mathematical representation
of ecological processes is not new but in many applications the equations
derived cannot be solved analytically. Recently, however, because of
the more widespread availability of computing facilities, it has been
possible to obtain numerical solutions in many cases.

In a systems analysis of the energy flows between components in an

ecosystem, the relationships between flows are expressed mathematically
as a series of simultaneous equations. Two examples of this approach
were discussed at the 1975 Workshop. The first by Hett and O'Neill
(1974), was a systems analysis of the Aleut ecosystem in the Artie.
The analysis was carried out on the flow of carbon rather than the flow
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of energy although the two are very closely related. By examining
the effect of small perturbations in the system it was found that
the terrestrial food supply (which appears to have consisted entirely
of plants) was far more sensitive to changes in the uptake of
atmospheric carbon than the marine food supply was to changes in the
uptake of surface water carbon. This was suggested as a possible
explanation for the heavy reliance of the Aleut people on marine food.
From the diagram it would appear that the Aleuts consume about 80 times
as much marine food as they do plant food from the land and it was

found that the Aleuts are 10,000 times more sensitive to changes in
the marine food supply than in the terrestrial food supply (108).

The second example of the application of systems analysis was

presented by Ewel (1975) as one of the Workshop papers. It concerned
a population of subsistence farmers in the Dominican Republic and
the effect of changes in their use of land on the sediment filling rate
of the reservoir for a proposed hydroelectric power scheme. An energy

flow diagram was constructed to demonstrate the relationships between
the important components of the system. These relationships were then
expressed as a series of differential equations for which numerical
solutions were obtained with the aid of an analogue computer. The
flow language used in this example is almost identical to that used
by Odum (1971).

The form of the mathematical model constructed for an ecosystem,
and the relationships which are described in the model, obviously
depend on the purpose of the analysis. The use of fuels for domestic
and agricultural purposes was not relevant to either of the analyses
above and accordingly was not incorporated in the models developed.
However, the quantity of fuel energy used even by subsistence farmers
is usually considerably larger than the consumption of food energy.

In developing a mathematical model to analyse the use of energy from
different sources in a human community it would be essential to include

explicitly the use of different types of fuel.

In addition to the two mathematical models described above, mention

should also be made of the work of Hannon (1973 and 1976) and Finn
(1976). Both of these writers have applied the input-output technique



26

used in economics to the analysis of energy and mass flows in plant
and animal ecosystems.

Hannon (1973) introduced the concept of an "energy flow matrix",
which depends on the structure (or the relationship between the
components) of an ecosystem, and which relates the direct flow of
energy through each species or trophic level in the ecosystem to the
respiration energy flow. This matrix was used to calculate
"component efficiencies" and the theory was applied to two ecosystems
on which data had been collected by Odum (1957) and Golley (1960).
In a later paper, Hannon (1976) extended the analogy with economics
and examined the meaning of various economic concepts such as "pricing",
"markets" and "marginal productivity" in relation to ecosystems.

Finn (1976) introduced three measures of ecosystem structure and
function which he considered would be useful to ecologists - total
system throughflow (TST), defined as the sum of the flows of mass
or energy through each component; average path length of an inflow
(APL,), which is the average number of components through which a

flow of mass or energy from outside the system passes; and, of
particular importance, the cycling index (CI), which measures the
extent to which cycling occurs in the system. These measures were

then calculated for the flows of energy in two ecosystem models and
the flow of nitrogen in a third.

There is no reason why these applications of input-output analysis
to the study of mass or energy flows in plant and animal ecosystems
should not be extended to human ecosystems. However it is not clear
whether the analytical techniques developed by Hannon and Finn could
be modified to allow a detailed analysis of the use, rather than the
consumption, of different types of energy in a human ecosystem. These
techniques do not incorporate any "work-gate" mechanism whereby the
expenditure of human, animal and fuel energy, to control various flows
of energy in the ecosystem, may be analysed.

The idea of relating data on energy use or energy flows in society
to certain aspects of social structure has been suggested by Odum (1971)
and was hinted at during the 1975 Workshop on energy flows (109).
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In 1979, Briscoe published a paper entitled "Energy use and social
structure in a Bangladesh village", in which he endeavoured to

explain differences in the consumption of specific fuels by various
social classes in the village in terms of the status and wealth of
the people in these classes. The current situation was compared with
that existing a hundred years ago and an attempt was made to predict
future trends in energy use and to examine the likely consequences

of specific energy and rural development projects on different
classes in the village.

As a preliminary to this investigation, Briscoe attempted to
construct an energy flow diagram for the village (110), although
little use was made of this diagram in the ensuing discussion. The
language used to describe the energy flows was very simple, far more

so than that used by Odum and others. There were only six components,
three consumers - man, cattle and poultry, and the three major
activities in the village in which energy was used - fishing, domestic
activities and crop production. However, the diagram is not a

satisfactory representation of the energy flows in the village;
firstly because fishing and crop production, which are sources of
food energy in the village, are represented by the same symbol as

domestic activities, which are not; and secondly, because no distinction
is made between flows of biomass energy, in the form of food and fuels,
and flows of energy expended in work. Furthermore, biomass energy

appears to have been calculated from the appropriate heat values (and
food energy as the energy available in the food) whereas the energy

associated with work by humans and cattle is the "useful work",
measured by Briscoe as 25 per cent of the energy expended in work (111).

Although Briscoe quantifies practically all of the energy flows
in the diagram, the flows into and out from human beings and cattle
do not balance. For human beings, the daily per capita intake of
food energy, obtained by adding the individual flows, is 1543 kcal

(6.5 MJ), whereas the output of energy totals 1748 kcal (7.3 MO). Of
this output, human excreta account for 209 kcal (0.9 MJ) which is
almost equal to the difference between intake and output. Briscoe
does not appear to have realised that the energy values given for
food in tables practically always refer to the energy available to the



body after an allowance has been made for the energy lost in excreta.
The imbalance between the energy flows for cattle is probably due
to the same misunderstanding. Other discrepancies in Briscoe's data
on human energy are discussed elsewhere (see Chapter 5, Section 3).

As regards the use of fuels in the village, the data in the
energy flow diagram do not agree with the detailed breakdown of fuel
use given in the table opposite the diagram. The total per capita
use of fuel amounts to 1651 x 103 kcal/y (6.9 GJ/y) according to the
table (112) but only 4226 kcal/d or 1542 kcal/y (6.5 GJ/y) according
to the diagram. Briscoe makes some interesting observations about
why some fuels are used more than others by the different social
classes. Much of the fuel used in the village comes from the land
of the rich land-owning Muslims and it would appear that the use of
different fuels by the poorer landless classes depends to a large
extent on how easily these fuels can be stolen (113). Briscoe
predicts that in the future, with the introduction of high-yielding
varieties of grain (particularly rice), which produce much less
straw than traditional varieties, the supply of crop residues in the
village will be substantially reduced. Landless villagers will be
forced to buy fuel from outside and the poorer families, who spend
about 90 per cent of their income on food, will have to reduce their
food intake as a result (114).

Probably the most comprehensive and detailed flow diagram yet
constructed for a Third World village is that produced by Ravindranath
et al (1980) for the village of Ungra near Bangalore in South India.
The data for this diagram were obtained from a study initiated in 1976
by the Centre for the Application of Science and Technology to Rural
Areas (ASTRA) in Bangalore. All aspects of energy use were considered
in this study and extensive and exhaustive measurements were made.

In the form in which it is presented, the flow diagram produced
for the agricultural ecosystem of the village is not an energy flow
diagram (115). The flows are quantified in the units in which they
were originally measured, that is, tonnes for solid biomass, litres
for liquids, hours for human and animal work and kilowatt-hours for
electricity (116). However, it would not be difficult to convert these
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flows to energy units as Ravindranath et al have done elsewhere

(117) for the data on fuel use and human and animal work. The
language used in the diagram is almost identical to that used by
Odum (1971) although in many cases the direction of flow has not
been made clear and it is not always obvious to which flow a

particular figure refers.

At the time of publication, measurements were still being
made to determine the heats of combustion of the different types
of biomass used or consumed in the village. However, an "energy
source-activity matrix", detailing the quantities of energy from
different sources used in various activities, was constructed by
assuming typical energy values (117). For fuels, the energy values
were high heat values: 3,800 kcal/kg (16 MJ/kg) for firewood and
"agro-waste", about 9,000 kcal/7 (46 MJ/kg) for kerosene and
diesel oil, and 6,000 kcal/kg (28 MJ/kg) for coal. Electricity was
measured by its direct energy equivalent, 860 kcal/kWh (3.6 MJ/kWh).
For human energy, Ravindranath et al assumed average energy expenditures
during work of 250 kcal/h (290 W) for men, 200 kcal/h (230 W) for women
and 120 kcal/h (130 W) for children. These values are higher than
those estimated in the present study but so also is the average

estimated energy requirement (118) of 2,800 kcal/capita/d (11.7 MJ/
capita/d). Draught animals were assumed to expend an average of
2,300 kcal/h (2.7 kW), which is equal to the value derived by Revelle
(1976) for bullocks (73).

Using these energy equivalents it was found that firewood and
"agro-waste" accounted for 83 per cent of total energy use, human
energy 9 per cent, animal energy 4 per cent and fossil fuels and
electricity 4 per cent. Domestic energy use (excluding lighting)
accounted for over three-quarters of the total and agriculture only
7 per cent. Animal energy was expended almost entirely in agriculture
where it accounted for over half of the total.

An interesting analysis of the measurements and observations
reported by Ravindranath et al was carried out in an accompanying
paper by Reddy (1980). One of the principal conclusions of this
analysis was that the village ecosystem is very well balanced, the



consumption of crops by the human population and crop residues by
the animal population being in close agreement with the quantities
produced in the village. Reddy derived various simple expressions
for calculating the carrying capacity of the land, the pasture land
to crop land ratio, the number of draught animals and the ratios of
the human to animal populations. Average values for the parameters
in these expressions were obtained from measurements made in the
village and the calculated values of the expressions were found to
be in close agreement with the observed values. Reddy interpreted
this as evidence of an underlying rationale in the ecosystem (119).
Closer examination of these calculations reveals that the results

are not as surprising as Reddy suggests.

For example, by comparing the yield of food energy per hectare
from one cereal crop, ragi, with the average food energy requirement
of the population, Reddy estimates that the carrying capacity of the
land with respect to ragi is 4.5 persons/ha (118). He points out
that this is very close to the current population density of 4.4
persons/ha of cropland. In fact, since the cultivated area of
cropland is 243.7 ha (120) and the population 932 (121), the current
density is only 3.8 persons/ha. Reddy actually quotes this figure
elsewhere (122).

To derive an expression for the ratio of pasture land to crop

land, Reddy simply compares the total quantities of fodder obtained
from these lands with their biomass productivities, although the
relationship he produces is unnecessarily complicated (123). By
substituting the appropriate measured values in the derived expression,
he calculates that the ratio should be 0.38, which is close to the

actual value of 0.32. In fact, with the measured values given the
derived ratio should be 0.55, which is somewhat larger than the
actual value. However, there is nothing profound about these
relationships; if the derived and actual ratios were equal it would
simply mean that the quantities of fodder consumed by the cattle
from the pasture lands and crop lands were the same proportion in
each case of the total production of fodder from these lands.

Reddy (124) also derives a simple expression for the number of



pairs of draught animals (Np^p) by dividing the area of crop land
(A^) by the "productivity of ploughing by draught animal pairs"
(PqAr). The latter he estimates from time and motion studies to be
1.64 ha/DAP. Again, however, his calculated value for NpAp, of 128,
which agrees closely with the observed value of 127 is in error; it
should be 149, since A^^ is 243.7 ha (120).

Finally, by combining the expression for the carrying capacity
of the land with the expression for Np^p, Reddy obtains a formula
for the ratio of the number of humans (N^) to N^p. The calculated
value of this ratio is 7.41, which agrees very closely with the
observed value, obtained by including cows as draught animals, of
7.34 (124). The reason for this agreement is that the actual
population density is less than the estimated carrying capacity of
the land with respect to ragi (3.8 compared to 4.5 persons/ha) and the
actual number of draught animal pairs (including cows) is less than
the minimum number predicted according to the estimated productivity
of ploughing, Pp^p (127 compared to 149 pairs). The actual value
of Pp^p is 1.92, not 1.64 ha/DAP. Hence the actual ratio of to
NpAp "is,

3.8 persons/ha x 1.92 ha/DAP = 7.3 persons/DAP,

compared to the predicted ratio,

4.5 persons/ha x 1.64 ha/DAP = 7.4 persons/DAP.

The agreement is fortuitous and not because of any "rationale" in the
ecosystem.

1.6 Other recent studies

With the increasing interest in energy which has developed over the
past decade, there have been more and more reports and documents
published in which various aspects of energy use in society have been
discussed either directly or, very often, indirectly in relation to
some other topic. Little attention is paid in many of these
publications to the methods of assessing the quantities of energy
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Instead, the emphasis is simply on determining and comparing the

quantities of fuel or fuel energy used in different situations or

for different purposes. The analysis of energy use does not conform,
in most of these publications, to any of the analytical approaches
discussed above. However, a few of the publications are relevant
to the present study, either as a source of original data on

particular uses of energy, or because the work is of general interest.

In India, the Indian Council of Agricultural Research (ICAR)
introduced a special research programme at the beginning of the last
decade to study the energy requirements in intensive agricultural
production. The programme was carried out jointly at various
agricultural universities throughout the country, in particular the
Punjab Agricultural University at Ludhiana and the Tamilnadu
Agricultural University at Coimbatore. The 1975-76 annual report
from Ludhiana is a substantial document which gives a detailed
account of the work being done. The research programme comprised an

extensive series of field experiments, to determine the energy

requirements for producing various crops with different implements
and sources of power, and also a village questionnaire survey of
agricultural energy requirements involving 26 farmers.

It is of interest to examine how the energy requirements were

derived from the measurements made (125). For manual work the
energy input was taken to be 0.067 hp-h/man-h (0.18 MJ/h or 50 W).
This is clearly an estimate of the power which can be developed by
a man working continuously over a long period, measured at the point
of application. It is equivalent to assuming that 15 men are together
capable of exerting the same continuous pull on some external load as

one large work-horse, that is one horsepower (746 W). For a pair of
bullocks the energy input was taken as 1.0 hp-h/pair-h (2.7 MJ/pair-h)
which is equivalent to a power output of about 370 W per bullock. The
"specific fuel consumption" of a tractor was given as 253 g/hp-h
(94 g/MJ). The fuel consumption was actually measured for each farm
operation in the experiments (126) and this equivalence presumably
means that a tractor developing 1 hp (746 W) at the point of "take-off
will consume 253 g of fuel in one hour. This is equivalent to an



33

energy output of 10.6 MJ per kg of fuel consumed. Since the heat of
combustion of diesel fuel is 45 MJ/kg (see Table 2.4), the energy

requirement assumed here for tractor work is about a quarter of the
energy content of the fuel used. For diesel engines, the fuel
consumption was assumed to be 200 g/hp-h, which is equivalent to 13.4
MJ per kg of fuel or about 30 per cent of the energy content of the
fuel.

Calculated in this way, these energy requirements are clearly
similar to the measures of "useful energy" employed by Makhijani and
Poole (1975), Desai (1978) and Briscoe (1979). However, in the case

of electricity, which, according to the report, was used for irrigation
with some of the crops, the energy requirement appears to have been
measured directly from an electricity meter, without any account being
taken of heat losses from the motor (127). The results show that in
all the experiments the energy required for irrigation was higher than
for any other farm operation (128) although it is difficult to
determine to what extent this was due to the method of assessing the
electrical energy input.

The data on energy requirements in this report are of limited use

to the present study, but some of the original measurements of human
and animal work and tractor time involved in specific agricultural
tasks are useful for comparison with measurements obtained elsewhere.
The 1974-75 annual report on the work carried out at Coimbatore in
South India (129) is considerably less useful because there is no

indication anywhere in the report of how the energy requirements have
been calculated, and the original measurements of time spent working
or fuel consumed have not been given. Indeed the report highlights
the futility of giving only data on energy requirements without
describing how these requirements have been calculated from the measured
data. Unfortunately this failing is common to other documents,

particularly official and popular publications on energy requirements
and use; it reflects an attitude that, because energy is a fundamental
physical quantity, any measurement expressed in units of energy is
precisely defined and requires no further explanation.

Little has been published directly on energy use in Sri Lanka,
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particularly in the rural areas. Firewood is the most widely used
source of energy for domestic purposes throughout the island although
in certain areas it has become very scarce due to population pressures

and the need for more agricultural land. Various attempts have been
made to assess the quantities of firewood consumed but these have
relied largely on opinion and consumer expenditure surveys.

The Mahaweli Ganga Development Project, under which large areas

of land in the Dry Zone of the island are being cleared and irrigated
with water from the Mahaweli River, is having a significant effect on

the local supply of firewood; large areas of forest land are being
cut down and large numbers of colonist farmers are being brought into
the area. In 1977, the United States Agency for International
Development (USAID), who are partly funding the project, and the
Mahaweli Development Board (MDB), together commissioned a study of the
environmental impact of the second stage of the project. This was

carried out by Weatherley and Arnold (1977) over a period of four
months, and included an assessment of the present and future demand for
fuel and electricity in the project area and the potential for meeting
this demand. The study is of particular relevance to the present work
because the area to which it relates is very close to the village of

Nikinigama.

Given the time available for the study and the lack of reliable
data, it is not surprising to find that many of the calculations are

based on some rather dubious assumptions. Apparently Weatherley and
Arnold obtained much of their data on fuel consumption through informal
opinion surveys; no actual measurements were carried out. Thus their
estimate of the quantity of kerosene used for lighting is based on two

questionable suppositions: firstly that a single open wick bottle lamp
will require one gallon (imperial) of kerosene for every 85 hours of use

(equivalent to 43 g/h); and secondly that kerosene lamps are only used
for 2.5 hours every night, between 6.30pm and 9.00pm (130). The
rate of consumption measured for an open wick lamp in the present study
varied between 6 and 14 g/h, with an average of 9 g/h (see Table 11.1).
Furthermore, every family in the village was observed to keep at least
one such lamp on throughout the night, although other lamps were often
used, in addition, for two or three hours in the early evening; if



only one lamp were available it would be kept burning throughout the

night. On this basis the kerosene consumption for a single lamp
would be 108 g/d or 39 kg/y. Fortuitously, the assumptions made by
Weatherley and Arnold produce the same answer although, for some

reason, they assume elsewhere in their report (131) that the annual
consumption of kerosene for a single lamp is 13 gal (47 kg). It is
conceivable that they have used the US gallon, since 1 UK gal =

1.2 US gal, but elsewhere in the report (132) the UK (or imperial)
gallon has been used and this is certainly the measure used in
Sri Lanka for kerosene and other liquids. However, there are many

arithmetical errors and inconsistencies in the report. In particular,
the estimates of potential silviculture yields in the project area,

which are discussed in detail in Appendix 19 , are not only inconsistent
with the assumptions made but are also incorrectly applied in estimating
the area offuelwood plantation required to meet the demand for firewood.

In a report on the development of an energy policy to the Ministry
of Finance and Planning in Sri Lanka, Sankar and Fernando (1978)
attempted a comprehensive analysis of the use of all fuels and
electricity in the island. As regards the use of firewood and
kerosene in rural areas, their data are again derived indirectly from
the results of various surveys and not based on any direct measurements.

However, their review of the available sources of information (133)
is more detailed and comprehensive than that attempted by Weatherley
and Arnold (134) and their final estimates of fuel consumption,
though little different from those of Weatherley and Arnold, are more

convincing. Sankar and Fernando make extensive use of the concept of
"useful heat" to compare the quantities of energy derived from different
sources. However, the term is applied only to the use of fuels in
specific applicances and is consequently more acceptable than the much
wider application of the term "useful energy" referred to above. Of
particular interest to the present study is the attempt by Sankar and
Fernando to estimate the annual energy requirements of a hypothetical
village of 100 families (135). Six individual requirements - for
cooking, lighting, a domestic water supply, agriculture, farm transport
and industry - are identified. Cooking is calculated to require the
largest quantity of energy, over half of the estimated total require¬
ment of 249 x 106 kcal (1.0 TJ) of "useful" energy per year for the 100
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families. No account is taken of the use of human energy, but in
the case of draught animals used in agriculture, Sankar and Fernando
have estimated the equivalent quantity of "useful" energy required
with a two-wheel tractor, assuming an "efficiency of conversion" for
tractors of 20 per cent.

Information on the consumption of commercial fuels and

electricity in Sri Lanka is available from various official

publications, notably those produced by the Department of Census
and Statistics and the Central Bank of Ceylon. Occasional articles
on certain aspects of energy use in Sri Lanka are published in
various periodicals. In particular, the People's Bank published
a major article on energy in Sri Lanka in the June 1977 edition of
its monthly magazine Economic Review. The scarcity of data on

non-commercial sources of energy is apparent; however a rough
estimate of the consumption of firewood and vegetable wastes in
Sri Lanka, based on data from India, suggested that the consumption
of these fuels was significantly greater than the consumption of
commercial energy (136). A report on several aspects of energy use

in Sri Lanka was also published in the May 1980 edition of Economic
Review but again there was little discussion of non-commercial sources

of energy.

A significant contribution to the small but growing number of
studies on energy use in Third World villages has been made by
Siwatibau (1981) in Fiji. The purpose of this study, which was carried
out in 1978 by the Centre for Applied Studies in Development (CASD)
of the University of the South Pacific, was to examine the current

requirements and uses of energy in certain rural areas of Fiji and to
assess the possibilities of using biogas and of improving domestic
cooking conditions. The study was based on field surveys carried out
in a sample of 115 households in four villages and seven isolated
farms. Human and animal labour were not included in the survey;

however, extensive measurements were made on the consumption of
firewood, for various purposes including cooking and copra drying, and
the consumption of kerosene for cooking and lighting. The available
supplies of fuelwood in the four villages and the areas of land required
for fuelwood and crops were also estimated.
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The tests carried out by Siwatibau (137) on the consumption of
fuel for cooking various standard meals with different types of cooker
are exemplary in their design. Numerous attempts have been made to

design improved cooking stoves but the tests used to assess the
performance of different stoves are nearly always water boiling or

water heating tests. Practical cooking tests have rarely been
carried out and a properly designed experiment to measure the

consumption of fuel for various standardised meals is even more

uncommon. Siwatibau's tests were carried out with six types of cooker
or cooking facility - two kerosene stoves, one charcoal cooker, two
firewood stoves and an open wood fire. Five meals were prepared on

each cooker, one typical Fijian meal, two Indian meals and two Chinese
meals. The cookers were compared by means of an efficiency index (EI),
calculated as the energy content of the kerosene burnt in the Swedish
primus stove divided by the energy content of the fuel burnt in the
appropriate cooker.

It should be mentioned that Siwatibau, in common with many others,

gives much of her data to a far higher degree of accuracy than is
justifiable. Some of the average measurements of firewood consumption
are expressed to five or six significant figures and Siwatibau
extrapolates these measurements to obtain an average wood consumption
for the entire rural part of Fiji of 506.26 kg (oven-dry) per capita
per year (138).

Finally, mention should be made of the Earthscan publication
"A village in a million", in which Chauhan (1979) presents an "energy
portrait" of the village of Akbarpur-Barota near Delhi in India. No
data are given on the quantities of energy used in the village but the
available sources of energy are identified and estimates are made of
their relative importance in satisfying different energy needs. The

village is supposedly typical of many others in the Third World and
Chauhan uses data from several sources to produce a general description
of energy use in these villages. The derivation of these data and the
effect of different methods of measuring energy use are not discussed,
and yet it is clear that some of the figures given have not been
calculated in the same way. For example, estimates quoted from two



38

sources of the use of human labour in an Indian village differ

markedly. One source (139), using data from the study of energy use

in rural India by Revelle (1976), gives a figure of 670 kcal/capita/d
(2.8 MJ/capita/d); the other source (140) gives 2,060 kcal/capita/d
(8.6 MJ/capita/d). As already seen, Revelle's figures are an estimate,
albeit an incorrectly derived estimate, of the energy expended during
work. The figure given in the second source clearly refers to the
total daily consumption (or expenditure) of energy.

Chauhan is no different from many others in describing patterns
of energy use as if there were only one method of measurement, or at
least no significant difference between the measures used by various
writers. However, as is abundantly clear from the literature reviewed
in this chapter, there are many different methods of measuring energy

use. A wide range of conclusions may be drawn from analyses of energy

use according to the measures employed. In many instances it is
perfectly possible, by an appropriate choice of measure, to show that
energy use in one situation is either substantially greater than, or

substantially less than, energy use in another situation. For this
reason, the methods employed to determine the quantities of energy

used in a particular situation should be clearly stated.
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CHAPTER 2 MEASUREMENT OF THE ENERGY IN FOODS AND FUELS

2.1 Introduction

In any attempt to analyse the uses or flows of energy in a human

community it is clearly important to state how the energy has been
measured. If different flows of energy are to be compared then the
same measure of energy should be used in each case. Unfortunately,in
the literature on energy use it is often not clear how the measurements
of energy have been obtained. Furthermore, it is not uncommon to find
that different sources of energy have been measured in different ways.

This is particularly so with regard to foods and fuels; because they
are oxidised under very different conditions, the measures of energy

commonly used are not the same.

In the elementary type of energy flow diagram which may be
constructed for a food chain in an animal community, the flows of
energy which link each element in the chain are all in the form of
food. Energy is stored chemically in organic compounds in the food
and when food is consumed by an element of the chain, part of this
energy is released as heat, part is lost as chemical energy in excreta
and part is used to replace or increase the store of chemical energy

in the body tissues. It is the last part which is the source of food
for the next element in the chain, except in a coprophagic food chain
when it is the second part which is consumed. Ultimately, all of this
chemical energy will be dissipated as heat by successive elements
in the food chain. In general only about 10 per cent of the food energy

consumed by one element in the chain is transferred as food energy to
the next element; the rest is lost mainly as heat.

The primary source of the chemical energy at the beginning of the
food chain is, of course, the sun. It is by the process of photosynthes
that energy in the form of solar radiation is transformed by plants into
chemical bond energy. The chemical reactions involved in this process

are complex but they may be summarised by the following equation:

co2 + h2o -> [ ch20] + o2



Carbon dioxide and water combine chemically to form carbohydrates
and oxygen. The reaction absorbs energy which is stored in the
chemical bonds within the carbohydrate molecules. Later, in the

plant itself, in the herbivore which eats the plant, and in the
other animals further up the food chain, this chemical energy will be
released in a reversal of the same reaction. Oxygen will be absorbed
and carbon dioxide and water will be produced. Other elements, such
as nitrogen,sulphur and phosphorous, will also appear in the chemical
reactions which sustain plant and animal life, and other food
substances, namely fats and proteins, which contain some of the
elements, will be produced; but the energy stored in foods will always
be released by a chemical reaction with oxygen. Ultimately all the
carbon dioxide and water transformed into food substances at the

beginning of a food chain will be returned to its original state and
all the solar energy initially absorbed in photosynthesis will be
released as heat.

Almost half of the solar radiation incident on the earth's

atmosphere is converted directly into heat, about 30 per cent is
reflected directly into space and just under a quarter is absorbed
in the hydrological cycle (1). Only a very small fraction, less
than one part in four thousand, is absorbed through photosynthesis
on the earth's surface. The ecological system consisting of plants,
and of animals arranged in a series of trophic levels, survives by
the controlled conversion of solar energy into chemical energy and
the controlled conversion of this chemical energy into heat. An

energy flow diagram of the ecosystem serves to trace only the inter-
trophic transformations of this chemical energy.

In a human community the situation is more complicated. Man
not only consumes food energy derived from plants and animals but
also uses energy in various forms to modify the environment in which
he lives and to control and increase the quantity and quality of the
food available for consumption. Some of this energy is in the form
of human and animal work, which is, of course, derived directly
from food energy, and some of it is in the form of fuels. All of the
fuels used by man (save nuclear fuels) are organic, and the chemical
energy stored in them is ultimately derived from the photosynthetic
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conversion of solar energy by plants. A complete energy flow diagram
for a human community will differ from that which may be constructed
for an animal community because it will trace the use of fuels as well
as the consumption of food; but in both cases the flows of energy

between the elements in the diagram will be flows of chemical energy

and in both cases this chemical energy will have been derived ultimately
from solar energy by photosynthesis. The flows of energy associated
with human and animal work represent the conversion of chemical energy

into heat and, of course, indicate a loss of stored energy from the
system. An energy flow diagram for a human community is, therefore,
primarily a description of the flows of stored chemical energy through
the system. The only flows in the diagram which are not flows of
chemical energy are the input of solar energy and output of heat energy

produced by the respiration of plants and animals and the burning of
fuels. The form of the energy flow diagram derives largely from the
number and type of foods and fuels on which man depends for his
existence and the number and type of processes involved in transforming
these foods and fuels from the state in which they are originally
obtained to the state in which they are finally consumed or burnt.
Thus the number of energy flows by which man is linked to the sun

depends on the diversity of foods which he consumes and the diversity
of fuels which he burns. Similarly the number of elements through
which each flow passes before finally being dissipated as heat, and
the extent of interdependence between different flows, depend on the
number of agricultural and technological processes involved in the
production and processing of the foods and fuels consumed.

2.2 The measurement of chemical energy

The measurement of the chemical energy stored in foods and fuels
is clearly of primary importance in the construction of an energy flow

diagram. Obviously the energy in different foods and fuels should be
measured in the same way if the flows of energy to and from each
element are to balance and if comparisons are to be made between
different flows. Unfortunately, the energy values which are usually
tabulated for human foods in food composition tables do not refer to
the same type of measurement as is normally made on fuels. This has
been the cause of some confusion in the construction of energy flow
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diagrams and, in general, throughout much of the literature on

energy use in human communities. Human food energy values and
estimations of dietary energy for human beings refer only to the
chemical energy in foods which is available to the body and do not
include the energy lost in excreta. Measurements of the chemical
energy stored in fuels,on the other hand,refer to complete oxidation
of the fuel substance.

The energy stored in foods and fuels is released when they react
chemically with oxygen in the process of combustion. The exact

quantity of energy released will depend on the conditions of
temperature and pressure under which the reaction takes place and
also on what the final products of the reaction are. For example,
carbon can be oxidised either to carbon monoxide (incomplete
combustion) or to carbon dioxide (complete combustion); the latter
reaction releases over three times as much energy for the same mass

of carbon as does the former. Similarly, the quantity of heat
produced by the combustion of hydrogen gas, or indeed of any food or

fuel containing hydrogen, will depend on whether the water formed is
in the vapour state or the liquid state; more heat will be produced
in the latter case because of the latent heat which is released when

water vapour condenses. Since most foods and fuels do contain
hydrogen and many also contain moisture, water is very often one of the
products of combustion. Consequently this distinction between the
vapour and the liquid states is of primary importance in defining how
the energy released by the combustion of a food or fuel is to be
measured.

In all chemical reactions energy is either evolved, in which case

the reaction is described as exothermic, or absorbed, in which case

the reaction is described as endothermic. This energy is usually in
the form of heat and is called the heat of reaction. In general, the
heat of reaction will depend on whether the reaction is carried out at
constant volume or at constant pressure. For example, if a reaction is
carried out at constant pressure and the volume of the products exceeds
that of the reactants, work is done by the reacting system in expanding
the products against the external pressure. Had the same reaction
been carried out at constant volume, the pressure within the reacting
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system would have increased, but no work would have been done against
the external pressure and the heat of reaction would therefore have
been greater than in the former case. The heat absorbed or released
in a reaction is also dependent on the temperature at which the
reaction takes place. In general, thermochemical data are quoted for
reactions carried out at a constant pressure of one standard
atmosphere (101.325 kN/m2 or 760 mm Hg) and usually at the
international thermochemical reference temperature of 25°C (298.15 K).

It can be shown from basic thermodynamic principles that, at
constant pressure, the heat, Q, absorbed in a chemical reaction, is
equal to the increase, M, in the enthalpy of the reacting system (2).
In other words, if the enthalpy of the reactants is Hn and the enthalpy

XI

of the products Hp,

Q = bH = Hp - Hr

By convention, Q is positive when heat is absorbed and negative when
heat is evolved by a thermodynamic system; for exothermic reactions,
therefore, Q, and hence M, are negative, that is there is a decrease
in the enthalpy of the system.

Combustion is simply an exothermic reaction in which one of
the reactants is the gas oxygen. The products of a combustion
reaction will vary, even when the reactants are the same and even

when there is an adequate supply of oxygen. For compounds of carbon,
hydrogen, oxygen and nitrogen, complete combustion is said to occur

when the products of the combustion reaction are carbon dioxide, water,

oxygen and nitrogen. The quantity of heat energy evolved in a complete
combustion reaction, when the water produced is in the liquid state
and the carbon dioxide, oxygen and nitrogen are in the gaseous state,
is called the heat of combustion. This term is usually applied to
the substance reacting with the oxygen, that is, the combustible, and
is expressed per unit weight or volume of that substance, or, in the
case of single chemical compounds, per mole of the compound. According
to the sign convention defined above,the heat of combustion is opposite
in sign to the heat of reaction for the combustion process. All foods
and fuels are derived initially from the chemical combination of
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carbon dioxide and water together with smaller quantities of nitrogen,
sulphur and other elements existing in various stable or fully
oxidised states. The heat of combustion of a food or fuel is

essentially equal to the chemical energy which is released when
that food or fuel is completely oxidised to the same elementary
compounds from which it was originally formed.

There are other specific types of chemical reaction where the
heat of reaction has a particular significance in relation to one of
the reactants or one of the products. Thus the heat of solution
refers to the dissolution of salts in water and the heat of hydrogenation
to the reaction with hydrogen of unsaturated organic compounds. In
particular, the heat of formation of a substance is the increase in
enthalpy which accompanies the formation of that substance at constant

atmospheric pressure from its constituent elements in their standard
states (the standard state of an element being that in which it normally
occurs at atmospheric pressure and at the specified reaction temperature).
This is also sometimes called the standard heat of formation, and is
written as AH®-, it is measured in kcal/mol or kJ/mol, usually at 25°C,
and follows the sign convention described above. By definition, the
heat of formation of any element in its naturally occurring state is
obviously zero.

The heat of formation of liquid water is the energy absorbed in
the reaction

H2 (9as) + 2^2 (9as) H2° (liquid).

This is recognisable as a combustion reaction, so that the heat of
reaction, M is clearly negative. In other words, heat is evolved
rather than absorbed in the formation of liquid water from its elements.
Clearly the heats of combustion and heats of formation of hydrogen and
water are related. The heat of formation of hydrogen gas and the heat
of combustion of liquid water are both zero. On the other hand, the
heat of combustion of hydrogen gas and the heat of formation of liquid
water are both non-zero and of equal and opposite magnitude. This
symmetry is observed generally between heats of formation and heats of
combustion. Thus the heat of combustion of any substance is equal to
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the difference between the heat of formation of the substance itself

and the heat of formation of the products of combustion. In the same

way, the heat of formation of any substance is equal to the difference
between the heat of combustion of the substance itself and the heat

of combustion of its constituent elements. These relationships are a

direct consequence of the law of energy conservation known empirically
as Hess's Law of Heat Summation, by which it is possible to add
reaction equations, and the corresponding heats of reaction,
algebraically. They may be expressed more conveniently in the form,

C(X) = F(X) - F(PX)

and F(X) = C(X) - C(EX)3

where c(X) is the heat of combustion of substance X,

F(X) is the heat of formation of X,

PX represents the products of complete combustion of X

and EX represents the constituent elements of X.

A corollary of the second equation is that the heat of combustion of
any substance exceeds its heat of formation by the heat of combustion
of its constituent elements:

C(X) = F(X) + C(EX) (2.1)

Addition of the first two equations yields the relationship,

C(EX) = -F(PX).

In other words the heat of combustion of the elements of which a

substance is composed is equal to minus the heat of formation of
the products of combustion of that substance. This relationship
becomes more obvious if the equation representing the combustion of X,

X + n02 -> PX, (2.2)

and the equation representing the formation of x,

EX -> Xt (2.3)
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are added together to yield the overall equation,

EX + n02 -> PX,
where n is the number of moles of oxygen required for the complete
combustion of X. This equation represents both the combustion of the
constituent elements of x and the formation of the products of
combustion of X.

The equation for a combustion reaction (Equation 2.2) may be
reversed to yield the equation

PX -* X + n02 Aff = +C(X).

Comparing this with Equation 2.3 shows that the heat of combustion
of a substance may be considered as the energy absorbed in forming
that substance and the oxygen required for its complete combustion,
from the basic chemical constituents of all biological matter, that
is, primarily water, carbon dioxide and nitrogen. In other words,
the energy absorbed by plants through photosynthesis is stored in
foods and fuels and in the oxygen in the atmosphere, and is released
when these foods and fuels are brought together with the atmospheric
oxygen in the process of combustion. The heat of combustion is equal
to the quantity of photosynthetic energy which has been stored. Since
the heat of formation of gaseous oxygen is zero, the heat of combustion
and the heat of formation of a substance may both be considered as

measures of the energy absorbed in producing that substance and the
oxygen required for its complete combustion. The difference between
the two lies in the chemical form of the reactants from which the

substance is produced. The energy absorbed in the reaction

Aff = C(X),

the energy absorbed in the

tsH = F(X),

PX -> X + n02

is equal to the heat of combustion of X\
reaction

EX + n02 X + n02

is equal to the heat of formation of X.
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In practice, F(X) is usually negative, that is, energy is
evolved in the formation of most substances from their constituent

elements. For example, the combustion of ethanol (3) is described
by equation

C2H50H(1) + 302(g) + 2C02(g) + 3H20(1)
(Ml = -1367 kJ/mole).

Reversing this equation gives,

2C02(g) + 3H20(1) -> C2H50H(1) + 302(g)
(Ml = +1367 kJ/mole of ethanol).

In other words, 1367 kJ of energy are absorbed in the formation of one

mole of alcohol and three moles of oxygen from carbon dioxide and water.
The formation of C02(g) and H20(1) from their constituent elements (4)
is described by the equations

C(graphite) + 02(g) -> C02(g) (Ml = -394 kJ/mole)

and H2(g) + |02(g) -* H20(1) (Ml = -286 kJ/mole)

Combining the last three equations in the appropriate proportions gives

2C(graphite) + 3H2(g) + 3|02(g) -* C2HgOH(l) + 302(g)

or 2C(graphite) + 3H2(g) + |02(g) -> C2HgOH(l)
(Ml = -279 kJ/mole of ethanol).

Thus heat is evolved in the formation of alcohol from its constituent

elements whereas heat is absorbed in the formation of alcohol from

the fundamental biological compounds carbon dioxide and water.

In general, there are very few food or fuel substances for which
the heat of formation is positive. Benzene (CgHg) and acetylene (C2H2)
are two examples of fuels, although neither occurs naturally. From
Equation 2.1 it is clear that if F(X) is negative, the heat of
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combustion of x will be less than the heat of combustion of the

elements of which x is composed. In other words, for most foods
and fuels, the constituent elements, in the appropriate stoicheiometric

proportions, represent a higher state of energy storage than the
foods or fuels themselves. That F(X) is generally negative for foods
and fuels is because the energy released in the formation of the
chemical bonds in food and fuel molecules is greater than the energy

absorbed in breaking the bonds between the atoms of the constituent
elements in their naturally occurring states. That energy is released
when foods and fuels react with oxygen is due to the fact that the
chemical bonds created with oxygen, particularly in carbon dioxide and
water, are stronger (that is, more energy is released in their
formation) than the bonds broken in the food or fuel molecules. The
strength of these bonds with oxygen is one reason for the existence of
such large quantities of the oxides of carbon and hydrogen in the
environment.

The heat of combustion measures the maximum quantity of energy

which may be released when a fuel is combusted at constant atmospheric
pressure and at a temperature of 25°C. In practice, the quantity of
energy released in the combustion of foods and fuels is less than this
maximum. This is partly because of incomplete combustion and partly
because the water produced in the reaction is not entirely condensed
to the liquid form. If the products of combustion could be accurately
analysed and the conditions of temperature and pressure during the
combustion process could be measured, then an accurate estimate could
be made of the total quantity of energy released. In practice, this
is rarely possible and it is usual when estimating the energy released
in combustion or when comparing different foods and fuels, to refer to
a standard measure which is made under, or applies to, certain
standardised conditions of combustion.

In the case of human foods this measure is the available energy,

which takes particular account of the fact that chemical energy is
lost in the faeces and urine. In the case of animal foods, it is
usual to distinguish between digestible energy, metabolisable energy

and net energy. The digestible energy differs from the gross energy3

or heat of combustion, by the quantity of chemical energy lost in the
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faeces; the metabolisable energy is equal to the digestible energy

minus the energy lost in the urine and digestible gases; and the net

energy is the metabolisable energy minus the extra heat energy produced
during the consumption of food, that is, the specific dynamic action
(SDA). With fuels there is no measure of energy which allows for
incomplete combustion since there is no well-defined state of partial
combustion which has any particular significance in relation to all
fuels. However, since any water produced in the combustion of a fuel
will not, in general, be fully condensed to the liquid form, it is
usual to distinguish between a high heat value, in which all of the
water is condensed, and a low heat value, in which all of the water
remains in the vapour state. In addition, these heat values are

usually defined for combustion both at constant pressure and at
constant volume. The high heat value at constant pressure, if measured
at atmospheric pressure and at a temperature of 25°C, is equal to the
heat of combustion.

Technically, all foods may be considered as fuels and their
heats of combustion may be determined in the same way as for any

solid or liquid fuel, that is by explosive combustion in a bomb
calorimeter. The heat values described above can be measured or

calculated for any combustible and although this is rarely done for
foods, the distinction between combustion at constant pressure and
constant volume is necessary in relating the heat of combustion to the
measurement obtained with a bomb calorimeter.

2.3 The heat values of fuels

Since the heat of combustion refers to the complete oxidation of
a fuel at atmospheric pressure, it would be convenient if calorimeter
measurements on fuels could all be carried out at atmospheric pressure.

This is possible with gaseous fuels but with solid and liquid fuels
complete combustion requires higher pressures. Accordingly,
calorimetric measurements on solid and liquid fuels are always carried
out at constant volume in a bomb calorimeter. In practice, most of the
energy released by the combustion of a fuel is absorbed as an increase
in temperature of the gaseous products, and even after these have
been "used", either to do work, as in a combustion engine, or to supply
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heat to an external system, they will still be at a temperature higher
than the initial temperature of the reactants. Clearly the total
release of energy in a combustion process includes the heat energy

carried away by the waste gases; thus all heat values refer, in
effect, to isothermal combustion, the final temperature of the products
being the same as the initial temperature of the reactants.

Altogether, it is possible to define four heat values; these
may be written as follows:

Eh = va^ue a*- constant volume

E^ = High heat value at constant pressure

E. = Low heat value at constant volume
lv

= Low heat value at constant pressure.

The precise definitions of these heat values will vary slightly between
one standard and another; the values discussed here are those given
in the British Standard, B.S.526: 1961, "Definitions of the calorific
value of fuels". The terminology used in this standard is slightly
different from that given above, the terms "gross calorific value"
and "net calorific value" being used instead of "high heat value" and
"low heat value". All the heat values are defined so as to take

account of the particular conditions under which a calorimetric
measurement may be made; thus the definitions given for gaseous fuels
are different from those given for solid and liquid fuels on account of
the different calorimetric methods employed. Only one of the four heat
values is determined experimentally and the other three are then derived
from this basic value according to the composition of the fuel. For
solid and liquid fuels the basic value is the high heat value at constant
volume, E, , as obtained by explosive combustion in a bomb calorimeter
under an initial pressure of 23 to 37 atm (5). For gaseous fuels,
since complete combustion does not require such high pressures, it is
normal to measure the heat value E, by continuous combustion of the

rip
gas at atmospheric pressure; furthermore this method corresponds most
closely to the ideal conditions of isothermal combustion. Accordingly,
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E^ is regarded as the basic value for gaseous fuels.

Only solid and liquid fuels are considered here since gaseous

fuels are little used in Sri Lanka. The definition of E^ given in
B.S.526 for solid and liquid fuels is as follows (6):

"The gross calorific value at constant volume of a solid
or liquid fuel is the number of heat units measured as being
liberated per unit quantity of fuel burned in oxygen in a
bomb under standard conditions in such a way that the
materials after combustion consist of the gases oxygen,
carbon dioxide, sulphur dioxide and nitrogen, liquid water
in equilibrium with its vapour and saturated with carbon
dioxide, hydrochloric acid in solution and solid ash."

In general, since the heat capacities of the products and the
reactants in a combustion reaction will not necessarily be the same,

Ehv will depend to a certain extent on the reaction temperature.
According to the standard (7), the measured value of E^ should be
corrected if necessary to the reference temperature of 25°C. However,
the correction is very small, being less than 4 kJ/kg per °C above
25°C for most common fuels (8). The sign of this correction is negative,
that is, the heat value decreases as the temperature of determination
increases.

The calculation of E, from the measured value of E, is carried
hp hv

out on the assumption that all the gaseous reactants and products behave
as ideal gases, obeying the equation of state PV = RT. If a fuel is
burnt at constant pressure, and the number of moles of gaseous products
differs from the number of moles of gaseous reactants, then work is
done either by the reacting system, in expanding against the external
pressure, or by the surroundings, in compressing the system. Thus

E^ will differ from by the amount of work done, being greater than
E^ if, as is true for most fuels, the volume of the products at
constant pressure is less than the volume of the reactants. If n is
the decrease in the number of moles of gas in the system per unit

quantity of fuel and Vd is the corresponding reduction in volume at
constant pressure P, then the work done by the surroundings on the
system is,

fPdV = PVd = nRT,



where R is the universal gas constant and T is the (isothermal)
reaction temperature (in Kelvin).

In the case of solid and liquid fuels, the formation of carbon
dioxide from carbon and sulphur dioxide from sulphur in the fuel does
not result in a change in the number of moles of gas since one mole
of C>2 is required in the formation of one mole of either C02 or S02.
However, the formation of liquid water from hydrogen in the fuel will
normally result in a reduction in volume unless the fuel is very rich
in oxygen. According to the reaction equation,

H2(9) + J02(g) - H20(1),

half a mole of 02 is required for the complete combustion of each mole
of hydrogen in the fuel. Suppose the fuel contains H per cent by
mass of hydrogen and 7) per cent by mass of oxygen, excluding, that is,
any hydrogen and oxygen present in the moisture and in the mineral
matter associated with the fuel. Then the number of moles of gaseous

oxygen required for complete combustion of the hydrogen in the fuel
will be,

U,UI ("270T6 32.00' *

This may be negative, indicating that oxygen is produced,although few
solid or liquid fuels will contain so much oxygen as to make this
happen. In a similar way it can be seen that for a fuel containing
N per cent by mass of nitrogen, the number of moles of N2 produced by
unit quantity of the fuel will be

°*01 "237UT '

Hence E^ is related to according to the equation,

Ehp ~ Ehv = 0,01 RT ^2.'oi6 ~ JZTffi " 28^01 )' ^2'4^

The expression given for E^ - in the standard (9) differs from
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this in that the nitrogen term is omitted. The reason for this is
not clear. Most fuels do not contain sufficient nitrogen to make
the omission significant, but in the case of hyrazine the

nitrogen term completely cancels the hydrogen term, making the two
heat values identical.

Any fuel containing hydrogen will release water as one of the
products of combustion; in addition, any water originally present
as moisture, or as combined water in the mineral matter in the fuel,
will also be liberated. The high heat value of a fuel, either at
constant pressure or at constant volume, is evaluated on the assumption
that all of this water is in the liquid state when combustion is
complete. The low heat value is calculated by assuming that this
water is entirely in the vapour state. The difference between the
low and high heat values is simply the latent heat of evaporation of
the water which changes state, calculated at the reference temperature
and either at constant pressure or at constant volume, whichever is
appropriate. If the molar latent heat of water at constant pressure

is L, the latent heat at constant volume will be L - RT. The number
of moles of water produced per unit quantity of fuel is clearly

0,01 til's + 18.016)'

where ~H is, as before, the percentage by mass of hydrogen and W is the
percentage by mass of water in the fuel. Hence the differences between
the low and high heat values may be calculated as follows:

Ehv " Elv ~ 0,01 ^ ~ RT^ ^2.016 + 18.016) (2*5)

Ehp " Elp = 0*01 L ("270T5" + 18.016) (2>6)

From the measured heat value E, , it is now possible to calculate
the three other heat values E^v and . By subtracting Equations
2.4 and 2.5 from Equation 2.6, the difference between the low heat
values at constant pressure and constant volume may be calculated:
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Elv ~ hp = 0,01 RT + TTM + 2S70T + 18.016^ (2*7)

The value of the Universal gas constant, R, is 8.315 J/mole deg K (10),
so that at the reference temperature of 298.15 K (25°C), RT is 2,479 0/
mole. The molar latent heat of water at constant pressure, L, is

44.0 kJ/mole at the reference temperature. Substituting these values
in Equations 2.4 to 2.7 gives the following set of relations in matrix
form:

1 Ehp " Ehv\ I 6.1 -0.8 -0.9 0 ^ t"\
Ehv ' Elv 206.0 0 0 23.0 O

Elv ~ Elp CT> O 00 o kO 4^ N
,

* Elp " Ehp 1 \-218.3 0 0 -24.4/ \wl

The equations have been arranged in a cyclic order, so that the
column sums in the matrix are all zero. For the calculation of the

derived heat values from the measured value EEquation 2.8 may be
recast in the following form,

l%\ lEhv\ -6

Elp = Ehv - 212

\hv} \Ehvl ^206

1

1

0

1

1

0

°\
24

23

Ib\
0

N

\~w!

kJ/kg (2.9)

in which the matrix coefficients have been rounded to the nearest

integer. As most fuels have heat values in excess of 10 MJ/kg, the
error involved in using these rounded coefficients will be less than
0.5 per cent of the derived heat value.

Clearly the difference between high and low heat values will be
much greater for most fuels than the difference between heat values
measured at constant pressure and constant volume. The most hydrogen-
rich solid or liquid fuel (at 1 atm and 25°C) is probably Trimethyl
diborane (Cg H-jg B^), for which H = 17.3. Pentane (C^ H^), the first
of the alkanes which is non-gaseous at atmospheric pressure and 25°C,
has H = 16.8. Hence the maximum value of I E

hp
E.

hv
calculated



from Equation 2.8, is 0.11 MJ/kg. The maximum difference between
the low heat values at constant pressure and constant volume,

| - E^ |, is, in theory, 0.14 MJ/kg, obtained by substituting
W = 100 in Equation 2.8. However, as pure water is scarcely a fuel,
the maximum value in practice is undoubtedly less, say 0.12 MJ/kg.
The difference between the low and high heat values may be much larger.
Substituting H = 17.3 in Equation 2.8 gives the maximum values,

hv - EivI* 3-6 MJ/kg

and hp -V < 3-8 MJ/kg

For practical purposes, the distinction between heat values
measured at constant pressure and at constant volume may be ignored
since the difference is usually considerably less than one per cent.
For example, with ethanol (C2 OH), which has a molecular weight
of 46.07,

H = 6 ^gy08 X 100 = 13.1

and ° = TOT x 100 = 34,7'

so that the differences between the heat values, calculated according
to Equation 2.8, are as follows:

52 kJ/kg;Ei
hp

" Ehv

Ehv ~ hv

hv lp

Elp hp

= 2699 kJ/kg;

= 108 kJ/kg;

= -2860 kJ/kg.

The heat of combustion of ethanol, which lies between the two high
heat values, E^ and is 1367 kJ/mol (3). Dividing by the
molecular weight gives an approximate value for E^v of 29.7 MJ/kg.
Hence the difference between the high heat values at constant pressure

and constant volume, E^ - E^v, is less than 0.2 per cent of and
the difference between the low heat values at constant pressure and
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constant volume, , is only about 0.4 per cent of E

For most purposes, therefore, it is sufficient to refer to the
high or low heat value of a fuel without specifying whether the
measurement applies to combustion at constant pressure or at constant
volume. The distinction between low and high heat values is more

important and it is only for fuels which have low hydrogen and
moisture contents, for example high quality anthracite coal, that
the difference between the two heat values is sufficiently small to
be ignored in most calculations.

The combustion of a fuel in a bomb calorimeter is carried out

under high pressure and no correction is applied in the standard to
reduce either the measured or the derived values to atmospheric
pressure. Thus, for example, E^ , as calculated above, refers not to
the high heat value at a constant pressure of 1 atm, which is equal
to the heat of combustion, but to the high heat value at a constant

pressure of about 30 atm. However the correction necessary to reduce
Eto atmospheric pressure is not more than about 20 kJ/kg. Furthermore,
this correction is often largely cancelled, particularly for solid fuels,
by the adjustment from constant volume to constant pressure, which is
of about the same order, only in the opposite direction (11). Hence
the value of E^v obtained with a bomb calorimeter is a reasonable
estimate, without correction, of the heat of combustion.

Heats of combustion for solid and liquid substances are, in fact,

generally determined by bomb calorimetry, the measured value being
corrected to allow for the specific conditions of temperature and
pressure to which the heat of combustion refers. As a measure of stored
chemical energy, the heat of combustion is more fundamental than any

of the heat values described above and it is closely related to other
thermochemical measurements which are made under, or refer to, the
same standard conditions. Low heat values, which may be relevant in

measuring the energy released in the combustion of fuels, have no

practical significance in relation to foods since the water produced
in the combustion of food substances in human beings and animals is
always in the liquid state. Furthermore, all the heat values defined
in B.S.526: 1961 refer to combustion under pressures of about 30 atm,
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whereas all foods and most fuels are combusted at or near atmospheric

pressure. In an energy flow diagram, therefore, the heat of
combustion is the only sensible measure of chemical energy which can

be applied to both foods and fuels. Accordingly, in the present work,
the chemical energy in a substance is assumed, henceforth, to be the
energy which would be released on complete combustion of that substance
under isothermal conditions at a constant pressure of 1 atm and at a

temperature of 25°C. The chemical energy stored in a given quantity
of combustible matter, whether food or fuel, is called the energy content
and is calculated by multiplying the weight of the substance (in kg)
by its heat of combustion (in MJ/kg).

2.4 The available energy in human food

The Atwater factors

The quantity of energy which the human body can derive from food,
that is, the available energy or metabolisable energy of the food, is
less than the quantity which would be released were the food fully
oxidised in a bomb calorimeter. The waste products of human digestion,
namely faeces and urine, contain unoxidised or partially oxidised food
materials, and the energy absorbed by the body may be estimated by

subtracting the energy content of these waste materials from the energy

content of the injested food.

However, it is not always possible to make these direct measurements,
and it is therefore convenient to have some method of calculating the
metabolisable energy supplied by a diet from a knowledge of its chemical
composition. The combustible chemical compounds of which foods are

principally composed can be divided roughly into fats, carbohydrates
and proteins. The fats and carbohydrates absorbed in the human gut
are almost completely oxidised but the absorbed protein is only partially
oxidised, mainly to urea. By chemical analysis of the faeces, it is
possible to determine the proportions of the energy-producing nutrients
which are not absorbed, and similarly, from analysis of the urine, the
energy lost through incomplete combustion of the protein can also be
determined. Hence, from a knowledge of the average heats of combustion
of the energy-producing nutrients, appropriate conversion factors can be
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calculated which will allow the metabolisable energy of a diet to
be determined from the intake of fat, carbohydrate and protein.

Much of the original work in this area was carried out at the
turn of the century by Atwater and his colleagues (12). The energy

conversion factors derived by Atwater and Bryant (13) were as follows:

Original factor Equivalent factor
in kcal/g in MJ/kg

Protein 4 17

Fat 8.9 37

Carbohydrate 4 17

These factors referred to the quantity of energy available to the
body per unit weight of ingested material after allowing for urinary
and faecal losses. Apparently the factor for fat, 8.9 kcal/g, was

later rounded off by Atwater to 9 kcal/g (14) and it is the rounded
figures, 4, 9 and 4 kcal/g respectively, which became known as

the Atwater factors and which are still widely used in the compilation
of food energy tables. These figures were derived for an average North
American diet, based on 185 dietary studies carried out in America at
the end of the last century (15), and were intended for use only in
estimating the total available energy from a mixed diet. In practice,
they have frequently been used to estimate the available energy from
single foods, and this can sometimes lead to significant errors (16).

In 1955, Merrill and Watt produced a handbook for the US Department
of Agriculture entitled "Energy Value of Foods", in which they derived
separate energy conversion factors for difference classes of food (17).
However, these factors have not been extensively used for calculating
food energies, particularly outside the United States. One of the
reasons for this is the opinion amongst British nutritionists, notably
McCance and Widdowson (18), that the carbohydrate fraction in foods
should be divided into "available carbohydrate", comprising sugars,

dextrins and starch, and "unavailable carbohydrate", comprising all
the other complex carbohydrates which, it was considered, were largely
indigestible (19). The "available carbohydrate" fraction, having been



expressed as an equivalent weight of "monosaccharides", was then
multiplied by the appropriate heat of combustion, 3.75 kcal/g
(15.7 MJ/kg), whilst the "unavailable carbohydrate" fraction was not
considered to contribute any energy to the diet. This procedure
contrasted with that adopted by Merrill and Watt, and also Atwater,
where the percentage of carbohydrate in a food was expressed "by
difference", that is, as the difference between 100 and the sum of
the percentages of protein, fat, water and ash in the food.

To date,there is still a wide diversity of methods employed in
the calculation of food energy values. Thus in the East Asian food
tables produced by Wu Leung et al (20) the factors of Merrill and
Watt are used, whereas in the Indian food tables compiled by Gopalan
et al (21), the Atwater factors are used, with the difference that
fibre is excluded from the carbohydrate fraction. In the HMSO

publication on tropical food values (22), Piatt uses a method similar
to, but not identical with, that used by Gopalan et al, and finally in
the latest British food tables (23), the factors used are 4 kcal/g
(17 MJ/kg) for protein, 9 kcal/g (37 MJ/kg) for fat and 3.75 kcal/g
(16 MJ/kg) for "available" or "dietary" carbohydrate, expressed as

monosaccharides.

In 1955, Widdowson (24) described past attempts to measure the
energy value of human food as "a comedy of errors" (25), and it would
appear that even at the present time there is still no consensus of

opinion on the matter. It is interesting that a dietary study carried
out in 1969 by Southgate and Durnin (26) on about fifty men and women

in Glasgow showed that,

"for practical purposes the classical Atwater factors can
be used to calculate the metabolisable energy of a diet
with reasonable accuracy, provided that when available
carbohydrate (as monosaccharides) values are used in
the calculation a factor of 3.75 kcal/g (15.7 kJ/g) is
used."

It was also found that the higher the proportion of fibre in the diet,
the greater the losses of energy in the faeces. A strong correlation
was observed (r = -0.965) between the percentage of digestible energy
and the percentage of the gross energy intake supplied by "unavailable
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carbohydrate" (27). Of particular interest was the observation that
the consumption of larger quantities of "unavailable carbohydrate"
resulted in an increased faecal excretion, not only of carbohydrate,
but also of fat and protein (27). These findings confirmed the
results reported earlier by Widdowson (28) and others.

In conclusion, it would appear that whilst the energy available
to the human body from a mixed diet can be estimated from the
composition of the diet with reasonable accuracy, it is much more

difficult to obtain an accurate estimate of the energy available from
a single food in the absence of any information about the composition
of the rest of the diet.

The available energy in a diet

The proportion of the total energy content of a diet, that is, the
gross energy intake, which is available to the human body will depend
on the losses of energy in the faeces and urine. Atwater (29) reported
the results of fifty experiments on three men which were carried out
at the turn of the century. Each experiment lasted for several days
and it was found, over a range of diets and levels of physical activity,
that the proportion of the ingested food energy available to the body

(after accounting for faecal and urinary energy losses) varied between
87 and 94 per cent, with an average of 91.6 per cent (SE = 0.17).

More recent work carried out by Southgate and Durnin indicated a

similar range of values for the percentage of available energy (30), as

shown in Table 2.1. The diets given to the participants in the study
differed primarily in their content of fibre or "unavailable carbohydrate",
diet 2 containing more than diet 1, and diet 3 (consumed only by the
group of young women) containing the largest quantity. It is clear from
the results that the percentage of available energy decreases as the
fibre content of the diet increases (31). Southgate and Durnin do not
give the exact composition of the three diets used. All subjects were

apparently given identical quantities of one of the three basic diets
which provided between 6.7 and 8.4 MJ/day (1600-2000 kcal). In addition,
they were allowed to consume as much as they wished of certain
"extra foods" - white bread, butter, seedless jam, jelly marmalade,
sugar, salt, beer and soft drinks - all of which contain very little,
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Table 2.1 Intake and excretion of energy by the human body:

average results of experiments carried out by
Southgate and Durnin (1970)

Group Diet Number
of

Subjects

Gross
Energy

Faecal
Energy

Urinary
Energy

Available Energy

MJ/day Per Cent of Gross Energy MJ/day

Young 1 1 ,2
14.4 3.4 3.4 93.2 13.4

men 2 15.1 5.7 3.1 91.2 13.8

Young 1 1 14
9.8 3.6 4.1 92.3 9.1

women 2 10.4 5.1 4.1 90.8 9.4

3 10 11.7 7.5 3.3 89.1 10.4

Elderly 1 1 11
13.0 3.3 3.0 93.7 12.2

men 2 13.0 5.3 3.0 91 .7 11.9

Elderly 1 1 12
9.5 4.0 4.2 91 .8 8.7

women 2 10.7 5.9 3.6 90.6 9.7

Averages 1 - - 3.6 3.7 92.8 -

2 - - 5.5 3.4 91.1 -

3 - - 7.5 3.3 89.1 —

Source: derived from Southgate and Durnin (30).

Notes: 1) Gross energy = energy content of diet
Faecal energy = energy content of faeces
Urinary energy = energy content of urine

2) Available energy = Gross energy - (Faecal energy + Urinary ene

3) Diets - 1 Contains no fruit or vegetables (except potato)
2 Contains fruit, vegetables and wholemeal bread
3 Contains large amounts of fruit and vegetables.
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if any, unavailable carbohydrate (32).

It is very likely that the diet of the villagers in Nikinigama
contained even more fibre than diet 3 above since the villagers
consume virtually no refined foods but large quantities of fruits,
vegetables and lightly milled cereals. On the basis of the figures
derived in Table 2.1, the available energy in their diet would
probably amount to between 85 and 90 per cent of the gross energy

value.

On further factor which should be taken into account, however,
is a possible relationship between physical activity and the
percentage of available energy in a diet. A statistical analysis
of Atwater's data (29), referred to above, shows that there is a

significant difference (P < 0.001) in the percentage of available
energy between the results of those experiments where the subjects
were required to keep physical activity to a minimum ("rest" experiments)
and those where they were required to perform moderate or hard work

("work" experiments). The average percentage of available energy for
the 19 "rest" experiments was 90.2% (SE = 0.32), compared to 92.4%
(SE = 0.19) for the 31 "work" experiments, a difference of 2.2%. This
difference was not considered significant by Atwater, who concluded
that "the amount of work performed had no effect upon the availability
of the nutrients of the diet" (33). It should be pointed out, however,
that the statistical techniques needed to determine the significance
of the difference were not available until after Atwater's work had

been published (34).

The villagers in Nikinigama are certainly very active physically
and so it is reasonable to assume that the available energy in their
diet will amount, on average, to about 90 per cent of the gross energy

intake. This would compare with an estimated average of about 92 per

cent for a typical Western diet and a moderate degree of physical
activity. The data in Table 2.1 show that the effect of increasing
the fibre content of a diet is primarily to increase the loss of
energy in the faeces; the urinary energy content remains more or less
constant, at between 3 and 4 per cent of the gross energy. Accordingly,
for the villagers in Nikinigama it is reasonable to assume that urinary



losses account for 3.5 per cent of the gross energy intake and
faecal losses 6.5 per cent, giving a total loss in excreta of
10 per cent.

2.5 The energy in animal foods

The measures of the energy in animal foods are far more varied
than those for human foods. Not only do animals differ in their
ability to extract the chemical energy stored in foods, but they
are also used by men in a wide variety of ways - to do work,or to
produce milk, meat, hides, or even dung. The animal nutritionist
is often interested in measuring or calculating the quantity of

energy in the form of some useful product, such as milk or meat,
which can be derived from a given food. Various measures of the energy

value of animal foods have been developed for different purposes and
these measures have been adapted, combined, or sometimes completely
discarded as the science of animal nutrition has developed and more

accurate measurements have become possible. However, there remains,
at the root of all these measures, a basic structure which applies to
the digestion of all foods, by human beings and animals alike.

The total quantity of chemical energy stored in a food as

measured by the heat of combustion, is usually called the gross energy

and is equal to the energy content of the food as defined earlier in
the present work. Only some of this energy is extracted when the food
is digested by an animal. A certain proportion of the food matter
is not absorbed when it passes through the digestive tract and is
excreted in the form of faeces. Some of this matter will be indigestible
for example the ash and much of the fibrous content; and some of it
will be digestible matter, in the form of fats, proteins and carbohydrate
which may have been partially digested, but which has not been absorbed.
The quantity of digestible matter lost in the faeces will depend not
only on the composition of the food itself, and the manner in which it
is prepared, but also on the other foods in the diet and the degree to
which they affect the transit time through the digestive tract. That
part of the gross energy of a food which is not lost in the faeces is
called the digestible energy. It is usually calculated, for a whole
diet, by deducting the energy content of the faeces from the energy



content of the ingested food. However, strictly speaking, this is
the apparently digestible energy, since the faeces contain not only
undigested food residues, but also various metabolic substances
secreted into the gut and not reabsorbed,and a certain quantity of
the gut lining removed with the passage of food through the gut.
The true digestible energy is difficult to measure and the apparent

figure does indicate the cumulative effect of the ingestion of food.

For a single food which forms only part of a diet the digestible
energy can only be estimated approximately as the energy content of
the food minus that part of the energy content of the faeces which,
it is supposed, may be attributed to the food in question. It is,
of course, possible to feed an animal on a diet consisting solely of
the one food, but the measurement of the digestible energy obtained
in this way is only an estimate of the digestible energy of the
food when it forms part of a diet with other foods. In general, the

digestibility of animal foods varies considerably, depending not

only on the food, but also on the animal consuming the food. In most
cases the digestible energy is between 50 and 80 per cent of the gross

energy, foods with a high fibre content yielding proportionately less
digestible energy than foods which are low in fibre.

Of the chemical energy in a food which is absorbed by the animal,
a further part is lost in the urine and, in the case of ruminant
animals, in the combustible gases escaping from the digestive tract.
Nitrogen compounds cannot be completely oxidised by human beings and
animals, and the waste products of nitrogen metabolism are excreted
mainly in the urine in the form of urea, creatinine and other compounds
of nitrogen. The gases produced by ruminant animals are composed
almost entirely of methane and account for about 8 per cent of the
gross energy in a food at the maintenance level of nutrition. At
higher intakes, the proportion drops slightly, to perhaps 6 or 7 per

cent, which is usually about 12 per cent of the digestible energy (35).
The quantity of digestible energy remaining after the losses in the
urine and in the combustible gases produced by ruminant animals have
been deducted, is called the metabolisable energy. It is equal to
that part of the total chemical energy in the food, the gross energy,

which is either stored in the body or converted to heat. For human



beings, it is the same as the available energy defined earlier. On
average, the metabolisable energy in foods consumed by ruminant
animals amounts to approximately 80 per cent of the digestible energy

(35), or between 40 and 65 per cent of the gross energy.

The quantities of digestible and metabolisable energy in a food
are not solely properties of the food itself, but depend also on the
animal to which the food is given. This is clearly demonstrated for
maize and barley in Table 2.2. The greatest loss of energy is
obviously in the faeces, so that the metabolisable energy in a food is,
to a large extent, dependent on its digestibility. In addition to the
factors already mentioned, this is appreciably affected by the level of
feeding. An increase in the food intake will generally result in a

more rapid rate of passage of the food through the digestive tract,
so that the digestive enzymes have less time to act on the digestible
matter in the food. This will usually cause a reduction in digestibility
although the size of the reduction will depend on the food being consumed
The metabolisable energy in a food also depends on whether or not the
amino acids it contains are used by the animal for protein production.
If they are, then clearly the loss of energy in the form of nitrogen
compounds in the urine will be less than if they are not. Measurements
of metabolisable energy are sometimes corrected to a state of zero

nitrogen balance by deducting the appropriate quantity of energy for
each gramme of nitrogen retained by the body,although this has not
been done with the figures in the above table.

All animals evolve heat in the consumption and digestion of food.
This heat production, which is over and above that associated with the
basal metabolism, is called the heat increment of eating or specific
dynamic action (SDA). It is normally considered as a loss of energy

associated with the food since it cannot be used by the animal for
maintenance or production. Accordingly, the net energy in a food is
calculated by deducting the SDA associated with that food from the
metabolisable energy. That part of the net energy which is used for
maintenance will be dissipated as heat from the animal's body and the
rest, used for production, will remain in the form of chemical energy

stored in various combustible substances in the body. Maintenance, in
this instance, includes the basal metabolism and also any physical



Table 2.2 Digestible and metabolisable energy in maize and
barley consumed by different animals
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Food Animal GE Energy content DE ME DE ME

Faeces Urine Methane

MJ per kg dry matter in food % Of GE

Mai ze Steer 18.9 2.8 0.8 1.3 16.1 14.0 85 74

Mai ze Pig 18.9 1.6 0.4 - 17.3 16.9 92 89

Ma i ze Fowl 18.5 2.2* <- * - - 16.3 - 88

Barley meal Cow 18.3 4.1 0.8 1.1 14.2 12.3 78 67

Barley meal Pig 17.5 2.8 0.5 - 14.7 14.2 84 81

Bar! ey Fowl 18.2 4.9* * — — 13.3 - 73

* Faeces and urine excreted together in fowl.

Source: derived from McDonald et al (1973), p.211, Table 11.2.

Abbreviations: GE - Gross energy

DE - Digestible energy

ME - Metabolisable energy
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activity, whilst production includes bodily growth, fat, milk, eggs

and wool. The quantity of energy used for production is usually
referred to as the energy retention of the animal, whilst the energy
used for maintenance may be called the maintenance energy.

The division of the gross energy in a food into the various
categories described above is shown diagrammatically in Figure 2.1.
The energy in the faeces, urine and methane, and the energy retention
of the animal are together equal to that part of the gross energy in
the food which remains in the form of chemical energy, whilst the SDA
and the maintenance energy add to give that part of the gross energy

which is liberated as heat. Figure 2.2 shows the results of an

experiment on a sheep to determine its energy retention and heat
production. The SDA was not measured in this experiment; however,
it does represent a significant proportion of the metabolisable energy

in ruminant animals. Measurements on sheep given elsewhere (36) by
Blaxter and Graham (1955a) indicate heat increments (expressed as a

percentage of the metabolisable energy) of 32 per cent for a high
quality dried grass (26% crude fibre, 20% crude protein) and 44 per

cent for a low quality dried grass (32% crude fibre, 9% crude protein).
Assuming an average of 38 per cent in Figure 2.2 gives a net energy of
8.7 MJ/d, or about 30 per cent of the gross energy in the food.

Various measures of the energy value of animal foods, based on

one of the divisions described above, have been proposed. Thus

Armsby's net energy values and Kellner's starch equivalents are
measures of energy retention whilst the total digestible nutrients
content (TDN) is a relative measure of the digestible energy. A review
of these and other measures, and their relative merits, is given by
McDonald et al (38). In the present work, as already explained, it
is the flow of chemical energy which is of interest. Accordingly,
the energy value of individual animal foods is taken, as for human foods
and for fuels, to be the heat of combustion. The losses of energy in
faeces, urine and methane are not measured separately for each food,
but collectively for the whole diet of an animal.

The only animals kept in the village are the buffalo and the ox.

There does not appear to be any published data specifically on the



Figure 2.1 The partition of food energy in animals

73

(Remaining as
chemical energy)

Gross energy
(GE)

Faecal
energy
(EE)

Urinary
energy
(UE)

Methane
energy
(MeE)

(Dissipated
as heat)

Digestible energy
(EE)

Metabolisable energy
{ME)

Specific dynamic
action {SDA)

Net energy
{NE)

Energy
retention
(EE)

Maintenance
energy
(.MaE)



74

Figure 2.2 The partition of food energy in a sheep
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* estimated values (see text).
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digestion of food by the buffalo but, in fact, all ruminant animals
are similar in this respect and it is reasonable to use average data.
Of the three losses of chemical energy occurring from the digestive

systems of ruminant animals, the largest and most variable is the
faecal energy loss. The data on crops and crop residues given in
Table 2.9 show that this loss varies from over 50 per cent for many

high fibre residues such as husks, chaff and straw to under 20 per

cent for most cereal grains and seeds. For good pasture grasses the
loss is 20 to 35 per cent and for poorer quality grasses, such as Rice
grass, Ryegrass and Timothy, between 40 and 50 per cent. The

consumption of vegetable and tree leaves results in faecal losses
varying from 30 to 55 per cent, with an average of about 45 per cent.
The buffaloes in Sri Lanka feed mostly on low-grade pastures and are

rarely, if ever, given any supplementary food (39). In the village
both buffaloes and cattle feed almost entirely on wild grasses and
the leaves of various wild shrubs and trees growing in the tank area

and surrounding bush. Accordingly, it is reasonable to assume that
the loss of energy in the faeces produced by these animals (FE) will
amount, on average, to about 45 per cent of their gross energy intake,
that is,

FE = 0.45 GE.

The digestible energy (DE) is then 55 per cent of the gross energy:

DE = 0.55 GE.

In the absence of direct measurements on the production of methane
by ruminant animals, both MAFF (40) and McDonald et al (35) recommend
that the loss of energy in the methane (MeE) be taken as 8 per cent
of the gross energy. However, as mentioned earlier, this figure applies
only at the maintenance level of nutrition. The energy intake of the
buffaloes and cattle will generally be above the maintenance level and
so a figure of 7 per cent is assumed here; in other words,

MeE = 0.07 GE.

According to MAFF (40), the metabolisable energy (ME) in ruminant



animals amounts, on average, to about 81 per cent of the digestible
energy. A rounded figure of 80 per cent, which is the average given
by McDonald et al (35), is assumed here:

ME = 0.8 DE

= 0.8 x 0.55 GE

= 0.44 GE.

The energy lost in the urine (UE) may now be calculated by difference.
Si nee

ME = DE - (MeE + UE),

it follows that

UE = DE - ME - MeE

= (0.55 - 0.44 - 0.07) GE

= 0.04 GE.

The total loss of chemical energy in the digestion process, which is
equal to the difference between GE and ME, is therefore 56 per cent of
the gross energy. The energy lost in the faeces accounts for 80 per

cent of the total loss. The relationship between all these food
energy fractions for the ruminant animals in the village is summarised
in Figure 2.3 and Table 2.3.

2.6 Average energy values for fuels

Calorimetric measurements on solid and liquid fuels are usually
made with a bomb calorimeter. For single chemical compounds the
measured value, E^ , is corrected to give the heat of combustion but
otherwise the value quoted is generally the original measurement.
However, as pointed out in Section 2.3, the difference between E^v and
the heat of combustion is very small, particularly for solid fuels;
the maximum difference possible would be 0.11 MJ/kg, for a fuel with
a very high hydrogen content. The difference between the low heat
values at constant volume and constant pressure is also very small and
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Figure 2.3 Estimated partition of energy in village
buffaloes and oxen

GE (100%)

FE (45%)

DE (55%)

Table 2.3 Relationship between food energy fractions
for village buffaloes and oxen

Denominator

Ratio Numerator

GE DE ME FE UE MeE

GE 1 0.55 0.44 0.45* 0.04 0.07*

DE 1.82 1 0.80* 0.82 0.07 0.13

ME 2.27 1.25 1 1.02 0.09 0.16

* Fundamental relationships assumed (see text)
Exact ratios

GE = Gross energy

DE = Digestible energy = GE - FE
ME = Metabolisable energy = DE - {UE + MeE)
FE = Faecal energy

UE = Urinary energy

MeE = Methane energy.
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certainly less than 0.14 MJ/kg. In general, the variation between
different fuels belonging to the same class or category, such as

wood or charcoal, and even between different samples of the same fuel,

may be much larger, possibly as high as 1 or 2 MJ/kg. Accordingly,
the average heat values derived in this section are given to the
nearest MJ/kg. At this level of accuracy, the heat of combustion and
the high heat values, and , will be the same, as will the tv/o
low heat values, E-, and E, .Iv lp

The heat of combustion or high heat value of a fuel containing
moisture will be lower than the oven-dry value, but only in so far as

the proportion of fuel substance is less than 100 per cent. If the
percentage of water in the fuel is w, then its heat of combustion, E,
will be related to the heat of combustion of the oven-dry fuel
substance, EQ, according to the equation

£ - '1°?00 Eo ■ <2'10>

In practice, the moisture content of a fuel is often expressed on a

dry basis, that is as a percentage of the weight of dry matter in the
fuel. It is also convenient to express the chemical composition of the
fuel in this way. The dry-basis moisture content, m, related to the
wet-basis value, W, by the equation

TOO W /o i1\
m "

(100 - ¥) ' ( )
Inverting this equation gives

■ rror/W • <2-12>
In the same way, the dry basis hydrogen content, h, is related to the
wet basis hydrogen content, H, by the equation,

7 100 H /0h "

(100 - 77)' (2-13)

or H =
100 h

(100 + m)' (2.14)



It follows that E and EQ are also related according to the equation

* ■ rrarT^ E0• («■")

Clearly E is the wet basis heat of combustion and EQ the dry basis
heat of combustion.

The low heat value of a fuel is related to the high heat value

according to the moisture content and the hydrogen content. From
Equation 2.8, it is clear that

Ehv " Elv = 23,0 (8-96 H + kJ/,|<9

and Eh - Elp = 24.4 (8.95 H + w) kJ/kg.

If the heat values are expressed to the nearest MJ/kg, it may be
assumed, approximately, that

E Ehv Ehp

and Etv " EiP-
The common low heat value may be denoted by E^, which is then related
to E according to the approximate equation,

Ez = E - 0.024 (9 H + W) MJ/kg. (2.16)

If the hydrogen content and moisture content are expressed on a dry
basis, then by Equations 2.12 and 2.14,

h - E-2-4|w44 • <2-,7>

If the heat of combustion is also expressed on a dry basis then by

Equation 2.15,

100 En - 2.4 (9 h + m)
h (100 -f m)<2-,8»
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In practice only solid fuels will contain significant amounts
of moisture. If a fuel contains so much water that it is almost

liquid, as with fresh cattle dung, its value as a fuel will be very

limited. The variation between the heats of combustion measured for

different samples of the same fuel, or for fuels belonging to the
same class, is usually due primarily to variations in the moisture
content. Heats of combustion expressed on a dry basis are often

remarkably constant. However, some solid fuels may contain substantial
and widely varying quantities of ash and this may also contribute to
variations in the heat of combustion. The heat of combustion, E, of
a fuel containing a per cent of ash (d.b.) and m per cent of moisture
(d.b.) is related to the oven-dry ash-free heat of combustion, EQQ,
according to the equation

E -<2-,9>

The average heat values derived below for various solid and
liquid fuels relevant to the present study are summarised in Table 2.4.

Although the measure of chemical energy used for all calculations in the

present work is the heat of combustion, the low heat value, which is
often used in engineering applications, has also been given. As already
pointed out in Chapter 1, it would appear that the distinction between
different measures of chemical energy is often not appreciated in the
literature on energy use; there are instances where the low heat value
seems to have been used for one fuel and the high heat value for another.
The purpose of giving the low heat values in Table 2.4 is to emphasise
that the difference between low and high heat values is significant for
many fuels, and to provide background data for interpreting analyses of
energy use in which the heat values employed have not been stated.

Derivation of average heat values

(i) Wood

The high heat values (at constant volume) of 111 tropical woods
from Africa, Asia and South America were found by Doat (41) to average

4o77 kcal/g (20.0 MJ/kg) in the moisture-free state. The coefficient
of variation was only 2.8%, the lowest value measured being 4.31 kcal/g



Table 2.4 Average energy values for fuels

Fuel

Moisture
content

(m)

Ash
content

M

Hydrogen
content

(*>

Heat of
combustion

(£) 1

E - Et Low heat
value

<*l> 2

Percentage
Difference

loot Ei)

«(d.b.) %(d.b.) %(d.b.) MJ/kg MJ/kg MJ/kg %

Wood

Oven-dry 0 1 6 20 1.3 19 6

Air-dry 15 1 6 17 1.4 16 8

Damp 30 1 6 15 1.6 14 10

Wood charcoal

Oven-dry 0 4 2.5 31 0.5 30 2

Air-dry 7 4 2.5 29 0.7 28 2

Crop residues (general)

Oven-dry 0 8 5.5 18 1.2 17 7

Air-dry 15 8 5.5 16 1.3 14 9

Rice crop residues 3

Oven-dry 0 17 5 16 1.0 15 7

Air-dry 15 17 5 14 1.3 13 9

Cattle dung

Oven-dry 0 13 5 17 1.0 16 6

Air-dry 15 13 5 15 1.3 14 8

Sun-dried 40 13 5 12 1.5 11 12

Fresh 300 13 5 4 2.1 2 49

Petrol (s.g. 0.74) 11 _ 5 - 15 47 3.2 44 7

Kerosene (s.g. 0.81) - - 13.5 46 2.9 43 6

Diesel (s.g. 0.88) - - 13 45 2.8 42 6

1 Equal to high heat value at this level of accuracy. For fuels containing moisture E calculated
from Eg according to Equation 2.15.

2 Low heat value, Ecalculated from Eg according to Equation 2.18.
3 Straw, husks and chaff.

" Specific gravities @ 60/60°F (15.5/15.5°C).
5 Moisture and ash contents of petroleum fuels negligible.
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(18.0 MJ/kg) and the highest 5.17 kcal/g (21.6 MJ/kg). The accuracy
of the heat value measured for a particular sample was found by

repeated testing to be of the order of 1% (42).

Heat values in the same range are to be found for temperate
zone woods, although it is usual to distinguish, on account of the
differences in resin content, between hardwoods which have broad leaves
and are mostly deciduous, and softwoods, which have needles instead of
leaves and are usually evergreen and coniferous. Thus Brown et al
(43) give high heat values on an oven-dry basis ranging from 8,300
to 8,700 Btu/lb (19.3 to 20.2 MJ/kg) for hardwoods and 9,000 to
9,700 Btu/lb (20.9 to 22.6 MJ/kg) for softwoods. Similarly, Markwardt
and Freas (44) quote average values of 8,600 Btu/lb (20.0 MJ/kg) for
hardwoods and 9,150 Btu/lb (21.3 MJ/kg) for softwoods. Reference to
original sources of data shows that virtually all temperate zone

woods have oven-dry high heat values within 5% of 20 MJ/kg. Gottlieb
(45), almost one hundred years ago, used a constant pressure

calorimeter to measure the high heat values of various European woods;
his results, expressed on an oven-dry basis, range from 19.5 MJ/kg
for oak to 20.0 MJ/kg for beech and birch and 21.3 MJ/kg for pine
(Virtus abies), each value being the average of at least five
determinations. Later, in 1922, Parr and Davidson (46) obtained high
heat values (d.b.) averaging 19.9 MJ/kg for five American hardwoods,
compared to a slightly higher value of 20.5 MJ/kg for pine. More
recently, in 1960, Ovington and Heitkamp (47) measured the heat values
of various types of plant material found in three forest plantations
in Britain; the average of 29 high heat values (d.b.) given for bole
wood from various resinous and non-resinous species if 19.7 MJ/kg,
with a range of 19.1 to 20.2 MJ/kg.

The resins, which are generally present in greater quantity in
softwoods, have an average high heat value of 35-40 MJ/kg. Barkley and
Rice (48) give 39.3 MJ/kg, Hawley (49) tives 40.5 MJ/kg, a value
computed by the Dulong formula, assuming a composition of 20% turpenes
and 80% abietic acid, and Howard (50) gives a range of 34.0 to 37.8 MJ/kg
for 4 determinations on resin obtained from pine trees of the southern
United States. Thus the presence of even small amounts of resin can

substantially increase the heat value of a wood. Howard (50) found a
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positive correlation (r = 0.75) between the high heat value of oven-

dry loblolly pine stemwood and the alcohol-benzene extractive content.
Surprisingly, however, the average of 96 determinations of the high
heat value of this wood was only 20.0 MJ/kg (d.b.), although the
range was from 19.3 MJ/kg to 21.7 MJ/kg. Similar tests on earlywood
(spring growth) and latewood (summer growth) from all 12 species,
varieties and races of southern pine gave the same average values,
indicating that overall, softwood species may not have such high heat
values as is commonly supposed. It is interesting that Madgwick (51),
for example, obtained an average high heat value (d.b.) of 19.8 MJ/kg
for 25 samples of bole wood from the species Pinus virginiana and that
data collected by Ovington and Heitkamp (47) show averages for bole
wood of 20.0 MJ/kg for Pinus nigra and 19.5 MJ/kg for Picea abies (Spruce).

In conclusion, it is clear that the high heat value in the oven-

dry state of virtually all woods, whether from the tropics or the
temperate zone, is 20 MJ/kg (4,780 kcal/kg or 8,600 Btu/lb) to
within 5% (52).

The composition of moisture-free wood, in terms of the basic
chemical compounds or entities such as cellulose and lignin, varies
considerably between one wood and another, but the ultimate composition
in terms of the elements, mainly carbon, hydrogen and oxygen, is
remarkably constant. The average composition of moisture-free wood is
generally quoted (53) as,

49-50% carbon,

6% hydrogen,
43-44% oxygen,

0.5-1% nitrogen, sulphur and ash.

The ash content, although it is normally less than 1% for most temperate
zone woods, can be considerably greater, particularly for tropical woods.
According to Brown et al (54), the ash content of North American woods
(analysed by the US Forest Products Laboratory) ranged from 0.2 to 0.9%,
whereas sapwood from the European olive apparently contains about 5%
mineral matter. The average ash content (d.b.) of the 111 tropical
woods analysed by Doat is 1.04%, with a range of 0.1 to 3.45% (55).
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However, no significant correlation was found between the high heat
values of these woods and their ash content (both d.b.) although the
correlation coefficient (r = -0.26) was negative (56).

The hydrogen content of oven-dry wood varies little from 6%.
Carman (57) gives the results of analyses of ten temperate zone woods,
including oak, beech and pine, in which the hydrogen content (d.b.)
ranged only from 5.8 to 6.3%.

The major determinant of the heat value of wood, as used in

practice, is the moisture content. This is usually expressed on a dry
basis, and for green wood (i.e. freshly cut from live trees) may be
anything from about 30 to several hundred per cent, according to the
species, and more particularly, the density of the wood (58). The
moisture content of air-dry wood is much less, generally between 10
and 20%, and depends mainly on the temperature and on the humidity of
the surrounding atmosphere. The equilibrium moisture content increases
with increasing humidity but decreases with increasing temperature.
Kollman and Cote (59) give a diagram relating the equilibrium moisture
content of Sitka spruce to the ambient temperature and relative humidity.
A similar diagram is given by de Zeeuw (60), apparently for any wood.
Both of these diagrams show that at a temperature of say 15°C (59°F)
and a relative humidity of 60%, the equilibrium moisture content is
about 11% (d.b.), whereas at 27°C (81°F) and 80% RH, the average

condition in the Dry Zone of Sri Lanka, the equilibrium moisture content
is 15-16% (d.b.).

According to Tisseverasinghe (61), the equilibrium moisture content
of woods in Sri Lanka will vary between about 12 and 18% (d.b.),
depending on the species and the atmospheric conditions. The moisture
content of 30 samples of air-dry firewood from the village was found
by the writer to vary between 11.1 and 17.4%, with a mean of 14.5% (d.b.).
(See Appendix 1). It is therefore reasonable to assume an average of
15% (d.b.) for the Dry Zone of Sri Lanka. This figure will be
representative for other areas with similar climates, although higher
moisture contents may be observed if the wood is not fully dried.

The moisture content of damp wood will vary considerably, depending
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on the degree of dampness, since wood is capable of absorbing water up

to moisture contents of several hundred per cent. The figure of 30%
given in Table 2.4 is possibly rather conservation, but it probably
corresponds to the minimum degree of drying which would normally be
allowed before the wood is used as fuel, at least in an open fire.

It should be mentioned, although the effect is small, that since
dry wood is a hygroscopic material, heat is evolved when it absorbs
water. This heat of wetting, as it is called, is in addition to the
latent heat which is also evolved if the water absorbed is originally
in the vapour state. It depends on the moisture content of the wood
and is defined either as the heat evolved in wetting unit mass of oven

dry wood to a particular moisture content (the integral heat of wetting)
or as the heat evolved in the absorption of unit mass of water by a

large (or infinite) mass of wood at a particular moisture content (the
differential heat of wetting). Kollman and Cote (62) give the following
formula for the integral heat of wetting (H ) of spruce wood as a

function of the moisture content (m%):

»W ' rrrfj kcal/k9

(°r "w "kJ/k3>-

This is valid for values of m up to about 20%. For m - 15%, Hw = 15 kcal/kg
(63 kJ/kg). Hw clearly increases asymptotically; the maximum value is,
in fact, reached when m is equal to the fibre saturation point (63),
usually taken as about 28%. Kollman and C6t£ (64) give maximum values
of Hw for spruce and other woods ranging from 14.6 kcal/kg (61 kJ/kg)
to 19.6 kcal/kg (82 kJ/kg).

The heat required to remove all the moisture from wood at a particular
moisture content is equal, when expressed on a dry basis, to the heat of
wetting to that moisture content (the heat being absorbed rather than
evolved). Thus the high heat value of moisture-containing wood will not
just be proportionately less than the oven dry value, as described earlier;
the heat required to remove the hygroscopic moisture will also have to
be deducted. It is clear from the figures above, however, that the latter
will be less than 0.1 MJ/kg, even at high moisture contents, and can

therefore be neglected.
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(ii) Wood charcoal

The physical and chemical properties of wood charcoal depend
on the species of wood from which it is made and also on the conditions
of the carbonisation process. As with coal, charcoal contains varying
amounts of ash and moisture which will affect its heat value. Even on

a dry ash-free basis, however,the heat value of charcoal is found to

vary. Spiers (65) gives an average high heat value, on a dry ash-free
basis, of 34.7 MJ/kg (8,300 kcal/kg), compared to 33.2 MJ/kg given for
willow charcoal by Barkley and Rice (66). These values appear to refer
to charcoal produced on a commercial scale in proper kilns. The
corresponding values obtained by Richolson and Alston in Fiji (67),
for charcoal produced on a small scale in converted steel drums, are

lower: 31.6 MJ/kg for charcoal made from air-dry mangrove wood and an

average of 31.3 MJ/kg for charcoal made from air-dry coconut wood. This

may be due to incompleteness of the carbonisation process or to the type
of wood used, or both. Richolson and Alston point out that the fixed
carbon contents (d.b.) of their charcoal are on the whole lower than
the minimum of 75% apparently specified for good quality charcoal (68);
certainly Spiers, and Barkley and Rice, give higher values - 89% and
83% respectively. On the basis of these and other data it was decided
to assume a dry ash-free heat of combustion, E0Q, of 32 MJ/kg; this
may be considered representative for kiln-produced charcoal in the
Third World.

The ash content of charcoal is roughly proportional to the ash
content of the wood from which it is obtained, and inversely proportional
to the yield of charcoal (all figures being expressed on a dry basis).
As indicated earlier, the ash content of 111 tropical woods analysed by
Doat (55) was found to average 1.0%; assuming a charcoal yield of
about 25% (69), this gives an average ash content for charcoal produced
from tropical wood of about 4% (d.b.). The dry basis heat of combustion
at this ash content is simply

E0 0-96 E00

= 31 MJ/kg.
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According to Earl (70), the moisture content of charcoal rarely
exceeds 5%, although values as high as 14% have been reported for
rubberwood charcoal in Malaysia, where the humidity is high. Richolson
and Alston (71) give air-dry moisture contents of 8-9% (d.b.) for the
charcoal described above. However their air-dry moisture contents
for wood are rather higher than those observed in the present study.

Accordingly, a figure of 7% (d.b.) is considered appropriate for air-
dry charcoal in Sri Lanka.

Spiers, and Barkley and Rice, both give hydrogen contents

equivalent to about 2.5% on a dry basis; this figure is used in
Table 2.4 in the absence of any other data.

(iii) Crop residues (general)

Although crop residues are widely used in the Third World as a

source of fuel, few calorimetric measurements have been made to determine
their heats of combustion. However, many crop residues are also used
as a feed for animals and numerous measurements have been made to

determine the quantities of digestible or metabolisable energy which
may be derived from them (72). This is usually done by chemical
analysis of the food and of the faeces and urine produced by its digestion.
Although the heat of combustion of the food is rarely measured directly,
it may be estimated from the results of the analysis by using the

following formula developed at the Oskar Kellner Institute in Germany
(73):

EQ = 0.226 CP + 0.407 EE + 0.192 CF + 0.177 NFE MJ/kg, (2.20)

where CP is the weight of crude protein (N x 6.25),
EE is the weight of ether extract,
CF is the weight of crude fibre

and NFE is the weight of nitrogen free extractives,

all expressed as a percentage of the weight of dry matter. The equation
is apparently quite accurate, with a residual standard deviation of
0.2 MJ/kg (74). The heats of combustion of a wide range of animal foods
have been calculated with this equation by MAFF (75); the values
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derived for a few of these foods are shown in Appendix 2. Most
animal foods, including grains and crop residues, are low in ether
extract and crude protein and their average heat of combustion,
expressed on a dry basis is about 18 MJ/kg. MAFF (74) actually gives
an average of 18.1 MJ/kg, which is slightly lower than the average of
4.4 kcal/g (18.4 MJ/kg) previously assumed in the literature (76).
For crop residues alone, it would appear that the average heat of
combustion is also about 18 MJ/kg; the values calculated by MAFF (77)
average 16.5 MJ/kg for the leaves of root vegetables, 17.7 MJ/kg for
straws and chaff and 18.8 MJ/kg for various crop by-products.

Although the variation in the dry basis heats of combustion of
different crop residues is relatively small - practically all the
values given by MAFF (77) lie between 16 and 20 MJ/kg - the wet basis
heats of combustion may vary considerably. Green leaves obviously
have a higher moisture content than straw or husks. Makhijani and
Poole (1975) assume an average field moisture content at harvest of
15% (78), although most of the crops considered are grain crops. The
National Academy of Sciences (1977), which bases its data partly on

that of Makhijani and Poole, uses the same figure (79). It is not
clear, however, whether this moisture content is expressed on a dry
or a wet basis. The moisture contents given by Makhijani and Poole
elsewhere for fresh manure (80) have clearly been expressed on a wet
basis. In this case the figure of 15% would be equivalent to a dry
basis moisture content of 17.6%. It was decided here to assume an

average air-dry moisture content of 15% (d.b.), which is the same as
that observed for wood in Sri Lanka.

The ash content of most crop residues appears to be higher than
that of wood. The ash contents given by MAFF (77) average 17.4% (d.b.)
for the leaves of root vegetables, 7.6% (d.b.) for straws and chaff
and 5.1% (d.b.) for crop by-products. There is clearly a negative
correlation between these figures and the average heats of combustion
given above. Expressed on a dry ash-free basis, the average heats of
combustion for these three types of crop residue are all between 19
and 20 MJ/kg. This is close to the average dry-basis heat of combustion
of wood, which, as already seen, has a low ash content of only about
1% (d.b.). As straw from cereal crops is probably the most common crop



residue, certainly of those residues which are used as a source of
fuel, an average ash content of 8% (d.b.) is assumed here.

No published data could be found on the ultimate composition of
crop residues in terms of the elements. However, the hydrogen content
of the combustible substance in crop residues, that is the dry ash-free
residue, is probably about the same as that of wood. Both wood and

crop residues are composed primarily of polysaccharides such as

cellulose, which have a hydrogen content of about 6% (81). Proteins
and fats do contain more hydrogen, about 7% and 12% respectively (82),
but are generally found only in small quantities. Accordingly, the
dry-basis hydrogen content of wood, which contains little ash, is about
6%, as already seen. Assuming the same value for crop residues on a

dry ash-free basis and assuming, as above, an average ash content of
8% (d.b.), the average dry basis hydrogen content of crop residues may

be calculated as 0.92 x 6%, or 5.5%.

(iv) Rice crop residues

The dry basis heats of combustion of the straw, husks and chaff
obtained as residues from a rice crop are slightly below the average

for crop residues in general. Since rice is of particular importance
in the present study, these residues are considered separately.
Table 2.5 summarises the data obtained from various sources. The

average dry basis heat of combustion calculated according to Equation
2.20 is only 15.7 MJ/kg, which is significantly lower than the average

of 18 MJ/kg estimated above for crop residues in general. The principal
reason for this is the high ash content observed for all rice crop

residues; the average figure of 17% (d.b.) in Table 2.5 is more than
twice as high as the average estimated above for cereal crop residues
in general. Expressed on a dry ash-free basis, the average heat of
combustion of rice crop residues is about 19 MJ/kg, which is very close
to the values obtained for other crop residues and for wood.

The moisture contents given in Table 2.5 vary considerably. An

average air-dry moisture content of 15% (d.b.) is assumed here, as for
other crop residues. The hydrogen content of rice crop residues is
assumed to be the same, on a dry ash-free basis, as for other crop
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Table 2.5 Heats of combustion of rice crop residues

Residue Source of data Moisture Ash Heat of
content content combustion

d.b. d.b. d.b.t d. a. f. b .*

% MJ/kg

Straw:

Phi 1ippines Go hi (83) 23.8 21.4 15.1 19.2

India Gohi (83) 6.6 16.5 15.7 18.8

India Odend'hal (84) 11.1 15.1 16.0f+ 18.8

Husks:

Origin unknown MAFF (85) 11.1 15.7 16.1 19.1

Malaysia Gohi (86) 14.9 14.0 16.1 18.7

Egypt Gohi (86) 11.2 21.6 15.1 19.3

Average 13.1 17.4 15.7 19.0

Standard deviation 5.86 3.29 0.48 0.25

* Dry ash-free basis

t Dry basis heat of combustion calculated according to Equation 2.20.

ft Odend'hal calculates an energy content of 2127 kcal (8.90 MJ)
for 0.585 kg straw (dry weight). This is equivalent to a dry
basis heat of combustion of 15.2 MJ/kg. However the coefficients
used are different from those in Equation 2.20.
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residues, that is 6%. The equivalent dry basis figure, for an

average ash content of 17% (d.b.), is 0.83 x 6%, or 5.0%.

(v) Cattle dung

A wide range of energy values is given for cattle dung in the
literature on energy use and elsewhere. Odend'hal (87) uses a value
of 2.13 kcal/g (8.9 MJ/kg) apparently given for "dried cattle manure"
by the National Council of Applied Economic Research (1965) in India.
Desai (88) quotes various estimates ranging from 8.8 to 14.2 GJ/ton
(8.7 to 14.0 MJ/kg) and assumes an average value of 10 GJ/ton
(9.8 MJ/kg). A somewhat higher value of 3.3 x 106 kcal/t (13.8 MJ/kg)
is assumed by Revelle (89), whilst the Khadi and Village Industries
Commission (90) give a value of only 2092 kcal/kg (8.75 MJ/kg).
Unfortunately, it is not clear to which measures of energy and to what
moisture contents these values refer. However, since most of the dry
matter in cattle dung consists of undigested food matter and bacteria
living on that matter, there can be little doubt that the heat of
combustion of the combustible matter in the dung must be similar to
the heat of combustion of the combustible matter in the food consumed.

As observed above, the dry basis heat of combustion of most animal
foods is about 18 MJ/kg. There are some animal foods, such as legumes,
oil seeds and cakes, and animal by-products, which have higher heats
of combustion of between 20 and 26 MJ/kg (74), but these will form only
a small part of the average diet in the Third World. The average ash
content of animal foods in the Third World will be about the same as

that estimated above for crop residues, namely 8% (d.b.). Accordingly,
the heat of combustion of the combustible matter in the food consumed

by most Third World cattle, and hence in their dung, will be approximately

E00 = (100 - 8) X 18 = 19,6 MJ/k9-
The average digestibility of the foods consumed by buffaloes and cattle
in Nikinigama is about 55% (see Figure 2.3) and a similar figure
probably applies for cattle throughout the Third World. Assuming that
the digestibility of the ash in animal foods is about half that of the
foods as a whole (91), the average ash content of cattle dung will be
about:
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'li'-^bb)" x 8 - ,3! («■)■
The dry basis heat of combustion of the dung may then be calculated
as,

E = ~ e =17 MJ/kq0 TOO 00 '9'

This is close to the value of 17.5 MJ/kg used by Smith (1980) in a

study of the role of draught animals in Third World agriculture (92).

Fresh cattle dung consists mainly of water. According to
Sathianathan (93) the moisture content of raw cow dung on a wet basis
is between 74% and 82%. Wijesekera (94) gives a figure of 80% (w.b.)
while Odend'hal (87) refers to estimates by Hafez (1968) of 70% (w.b.)
for cattle up to three years old and 80% (w.b.) for adult cattle. For
buffalo dung, Cockrill (95) gives a moisture content of 73.86% (w.b.).
It was decided here to assume an average moisture content for buffalo
and cattle dung of 75% (w.b.), which is the same as the figure used
by Smith (92). The equivalent dry basis moisture content is 300%.

The moisture content of so-called "dried" cattle dung probably
varies considerably, depending on how, and for how long, the dung is
dried before being used. This is, no doubt, the principal reason for
the wide range of energy values given for cattle dung in the literature.
Air-dried dung, which has been allowed to reach a moisture content in
equilibrium with the surrounding atmosphere, probably contains about
as much water as air-dried wood or crop residues. However, where it
is needed as a fuel, the dung may well be used before this moisture
content has been attained. Sathianathan (96) estimates that dung dried
in the sun still contains about 30% moisture (w.b.). This is equivalent
to an air-dry moisture content of about 43%. In the absence of any

other data, an air-dried moisture content of 15% (d.b.) and a sun-dried
moisture content of 40% (d.b.) are assumed here.

The hydrogen content of the combustible substance in cattle dung
is assumed to be the same as for crop residues and wood, that is 6%.
With an average ash content of 13% (d.b.), the equivalent dry basis
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hydrogen content is 0.87 x 6%, or about 5% (d.b.).

(vi) Petrol

According to Gooding (97), gasolene has a specific gravity
(@ 60/60°F or 15.5/15.5°C) of 0.70 to 0.76, a hydrogen content of
14 to 16% and a high heat value of 20,000 to 20,750 Btu/lb (46.5 to
48.3 MJ/kg). However a typical gasolene distillate is quoted as

having a high heat value at the top of this range (i.e. 20,750 Btu/lb),
with a specific gravity of 0.739 and a hydrogen content of 14.76% (98).
Spiers (99) gives an average high heat value for motor gasolene of
11.2 kcal/g (46.9 MJ/kg), with a specific gravity of 0.733 and a hydrogen
content of 14.4% (data supplied by the Shell Petroleum Company). For
petroleum products which are free from impurities, the high heat value

E^ can be related to the specific gravity d (@ 60/60°F) according to
an empirical formula developed by Cragoe (100):

Ehv = 12.4 - 2.1 dz kcal/g
(2.21)

or E^ = 51.9 - 8.8 dz MJ/kg.

This agrees closely with Spiers' data and suggests that the typical
high heat value given by Gooding should be 20,250 Btu/lb (47.1 MJ/kg)
and not 20,750 Btu/lb, which is, presumably, a typographical error.

For the range of specific gravities given by Gooding, Equation 2.21
gives a range of heat values of 46.8 to 47.6 MJ/kg. Accordingly, the
heats of combustion of most petrols will lie within 0.5 MJ/kg of
47 MJ/kg. The specific gravity corresponding to this heat value,
according to Equation 2.21, is 0.745. This is slightly higher than
the values given above by Gooding and Spiers, and an average specific
gravity of 0.74 is assumed here. The hydrogen content of petroleum
fuels is also approximately related to the specific gravity. The
following equation is given by Gooding (101) and by Cragoe (102):

H (%) = 26-15 d. (2.22)

For a specific gravity of 0.74, this gives a hydrogen content of
14.9%, which is a little higher than the typical values given by



Gooding and Spiers. However, for the range of specific gravities of
0.70 to 0.76, Equation 2.22 gives a range of hydrogen contents of
14.6 to 15.5%, which is in the middle of the general range given by
Gooding. Accordingly an average hydrogen content of 15% is assumed
here.

(vii) Kerosene

For kerosene, Gooding (103) gives the following general properties:
a specific gravity (@ 15.5/15.5°C) of 0.78 to 0.85, a high heat value
of 19,400 to 20,200 Btu/lb (45.1 to 47.0 MJ/kg), and a hydrogen content
of 12 to 15%. A typical kerosene is quoted (98) as having a high heat
value of 19,810 But/lb (46.1 MJ/kg) and a specific gravity of 0.819,
but no analysis details are given. Spiers (104) gives a high heat
value of 11.03 kcal/g (46.1 MJ/kg), almost exactly the same as that of
Gooding, a specific gravity of 0.808 and a hydrogen content of 13.6%.
An average high heat value for kerosene of 46 MJ/kg is clearly
reasonable. The average of the specific gravities given for typical
fuels by Gooding and Spiers is 0.814, and an average value of 0.81 is
assumed here. Substituting this value in Equation 2.22 gives a hydrogen
content of 13.85%. This is higher than the typical hydrogen content

given by Spiers and, in view of the range given by Gooding, an average

value of 13.5% is used here.

(viii) Diesel oil

The properties of diesel oil vary more than do those of kerosene
or petrol since the product occurs later in the distillation process.

The distinction between diesel oil and the next distillation product,
fuel oil, is not very clear, and light diesel appears to be similar to
kerosene. Thus Spiers (104) gives a high heat value of 45.9 MJ/kg for
'diesel oil distilled (gas oil)', and 44.8 MJ/kg for 'light fuel oil',
whereas Gooding (98) gives 44.7 MJ/kg for gas oil. The specific
gravities given for these fuels are 0.870, 0.895 and 0.863 respectively.
Substituting these values in Equation 2.21 gives heat values of between
44.8 and 45.3 MJ/kg, and so it was decided to assume an average high
heat value of 45 MJ/kg and an average specific gravity of 0.88.
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Spiers gives a hydrogen content of 12.8% for the distilled
diesel oil and 12.4% for the light fuel oil. Gooding does not give

any value, but for the specific gravities above, Equation 2.22 gives

hydrogen contents of 12.6 to 13.1%. Accordingly, an average hydrogen
content of 13% is assumed here.

2.7 Average energy values for human foods

It would appear that direct calorimetric measurements on foods
are rarely made. The nutritionist is primarily interested in the
quantity of metabolisable or available energy in a food and this is
generally determined from its proximate composition in terms of
protein, fat and available and unavailable carbohydrate. The heat of
combustion is of little interest to the nutritionist and accordingly
is not included in food composition tables. However, it may be
estimated from the proximate composition, in much the same way as the
available energy is calculated, by using average heats of combustion
for the protein, fat and carbohydrate fractions.

As explained in Section 2.4, various sets of physiological energy

factors have been proposed for calculating the available energy in a

food from its proximate composition. Practically all of these factors
are based on measurements of the heats of combustion of the protein,
fat and carbohydrate fractions in different foods collated by Atwater

(105) at the turn of the century. Later experiments, for example by
Southgate and Durnin (26), have shown that these physiological energy

factors give a reasonably accurate estimate of the metabolisable energy

available from a whole diet, and it would appear that few direct
calorimetric measurements on the fats, proteins and carbohydrates in
different foods have been made since Atwater's time. The heats of

combustion used by Atwater are given in Table 2.6. (The rounded
measurements in MJ/kg agree with the original data in kcal/g to within
about 1%.) In order to check on the accuracy of his data, Atwater
compared the calculated heats of combustion for 276 samples of food with
the values actually determined by bomb calorimetry (106). Although
the difference between the calculated and determined values was sometimes

as large as 5 or 6 per cent, the average difference over the 276 samples
was less than 0.5%.



Table 2.6 Heats of combustion of energy-producing nutrients in
foods used by Atwater

MJ/kg Protein Fat Carbohydrate

Meat, fish 23.5 39.5 16.5

Eggs 24 39,5 16.5

Dairy products 23.5 38.5 16.5

Cereals 24.5 39 17.5

Legumes (and nuts*) 24 39 17.5

Vegetables 21 39 17.5

Fruits 22 39 16.5

Sugars (disacch.) - 16.5

As proposed by Merrill and Watt (17).

Source: Atwater's original data (105), converted from kcal/g
to MJ/kg and rounded to the nearest 0.5 MJ/kg.
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In the absence of any more reliable and comprehensive data it
was decided, in the present work, to use average heats of combustion
based on Atwater's data. It was considered that the use of separate
heat values for each class of food, as in Table 2.6, would give a

false impression of accuracy, firstly because composition data on many

foods shows a considerable variation between different sources and

secondly because the methods used to determine the percentages of
protein, fat and carbohydrate in different food composition tables
are not all the same and are often not even clearly stated. It will
be noticed that the heats of combustion in Table 2.6 do not in fact

vary much between the different types of food. The principal variation
occurs in the values given for protein and this is largely because
Atwater defined "protein" to include not only the true proteins but
also various other non-protein nitrogenous compounds, such as creatine
and asparagine, which also occur in foods (107). These latter compounds
generally have lower heats of combustion than true proteins; Atwater
(108) gives 4.27 kcal/g (18 MJ/kg) for creatine and 3.45 kcal/g
(14.5 MJ/kg) for asparagine. However, those foods in which a large
proportion of the nitrogen occurs in the form of non-protein compounds
(chiefly fruits and vegetables) generally only contain small quantities
of nitrogen in any case (109). Hence, it is reasonable to assume an

average heat of combustion for the nitrogenous compounds in foods of
24 MJ/kg. Although the energy supplied by the nitrogenous compounds
may be overestimated in the case of fruits and vegetables, the error

in the heat of combustion of the whole food will be small.

In addition to the errors involved in estimating the heat of
combustion of the nitrogenous compounds, it should be mentioned that
the quantity of these compounds present in a food can also be the
subject of significant errors of estimation. It is a common practice
in food tables to calculate the protein content of a food by multiplying
the nitrogen content by 6.25. This factor was derived a long time ago

(before even Atwater's time) from the observation that most commonly-
occurring proteins contain approximately 16% nitrogen. On the basis
of the limited data available at the time, Atwater (1 lo) proposed a set
of six factors for different classes of food, varying from 6.25 for
animal products and legumes to 5.65 for vegetables. (These factors
referred, of course, to Atwater's interpretation of "protein".) Jones



(Ill) later proposed a revised set of factors for estimating "true
protein" and these have been used by Wu Leung et al (112), but to
date there is still a wide variety of methods employed in estimating
the protein content from the total measured percentage of nitrogen.
Again, however, as in estimating the heats of combustion, it is found
that those foods for which the protein content differs most from the
crude protein estimate (N x 6.25), generally contain relatively small
quantities of total nitrogen.

In view of the above considerations it is suggested that the
energy derived from the nitrogenous compounds in a food be estimated
by applying a heat of combustion of 24 MJ/kg to the protein content
as given in food tables.

As regards carbohydrate, the heats of combustion given in Table
2.6 refer to carbohydrate measured "by difference", or in other words
to that part of the food which remains after the weights of water,

protein, fat and ash have been deducted from the total weight. As
already pointed out, in some food composition tables a distinction is
made between available carbohydrate and unavailable carbohydrate (or
fibre), and the latter is excluded when the available energy in the
food is calculated. This distinction is, of course, irrelevant to

the calculation of the heat of combustion of a food; both the
available and the unavailable carbohydrate contribute to the total heat
of combustion. It is clear from Table 2.6 that, since most of the

carbohydrate in the human diet is obtained from cereals, legumes and
vegetables, the average heat of combustion of the carbohydrate fraction
in foods (available and unavailable) is about 17 MJ/kg.

However, there are instances when this average value is
inappropriate. In some food tables, notably those of McCance and
Widdowson (1960) and Paul and Southgate (1978), the available
carbohydrate is expressed as an equivalent weight of monosaccharides.
These have lower heats of combustion than other carbohydrates, as shown
in Table 2.7. The average value for monosaccharides is 15.7 MJ/kg,
but since data on the composition of foods are only approximate, it
is reasonable to assume a rounded value of 15.5 MJ/kg. The heat of
combustion of the unavailable carbohydrates will not be the same in



Table 2.7 Heats of combustion of saccharides

Monosaccharides

a - D Galactose

a - D Glucose

6 - D Fructose

Pi saccharides

Lactose (anhydr.)

Maitose

Sucrose

Polysaccharides

Glycogen

Starch

Heat of combustion

MJ/kg kcal/g

15.56 3.720

15.56 3.719

15.61 3.730

16.50 3.944

16.49 3.942

16.48 3.939

17.52 4.187

17.48 4.179

Average *

MJ/kg kcal/g

15.7 3.75

16.5 3.95

* Average value commonly quoted in the literature.

Source: Calculated from molar heats of combustion given by Weast (113).



this instance. As the fibre in food consists mainly of polysaccharides
such as cellulose, an average value of 17.5 MJ/kg may be used.

Since the foods of interest in the present study are principally
cereals, it was decided to assume an average heat of combustion for
the fat in foods of 39 MJ/kg. This may lead to a slight underestimation
of the heat of combustion of animal products, but the error is unlikely
to exceed 1%.

Using the average heats of combustion derived above for proteins,
fats and carbohydrates, the heat of combustion of a food may now be
calculated from the data given in food composition tables. These
data are usually expressed in g per 100 g of edible portion which
is, of course equivalent to a percentage by weight. The following
notation may be used to represent the proximate composition of a food
in terms of its primary constituents:

P = protein content

~F - fat content

C = available carbohydrate content

D = fibre content

A = ash content

W = moisture content

all expressed as

a percentage of
the weight of
edible matter

These six constituents generally account for all the matter in foods,
and hence

P + F + C + D+ A + W = 100.

The only occasion when this relation does not hold is when C is measured
as an equivalent weight of monosaccharides rather than as an actual
weight. Using this notation, the heat of combustion of a food, E,

may be calculated according to one of two formula: where the available
carbohydrate is expressed as an actual weight (usually by difference),

E (MJ/kg) = 0.24 P + 0.39 F + 0.17 (C + D), (2.23)



and where the available carbohydrate is expressed as an equivalent

weight of monosaccharides,

E (MJ/kg) = 0.24 P + 0.39 f + 0.155 c + 0.175 d. (2.24)

The heats of combustion of various foods consumed in Sri Lanka were

calculated by applying these formulae to the data given in four
different food composition tables: those compiled by Wu Leung et al

(1972), Gopalan et al (1977), Piatt (1962) and Paul and Southgate (1978).
The individual data and calculations are given in full in Appendix 3
and the average heats of combustion are compared in Table 2.8 with the
average quantities of available energy given in the various sources

consul ted.

The heat of combustion (E) is obviously greater than the available
energy in a food (E ), but the difference varies considerably in
magnitude for different foods. The average figures given in Table 2.8
are only approximate and, as is clear from the individual results given
in Appendix 3, the percentage difference between e and E^ varies
with different samples of the same food and with different methods of
calculating E^. With rice, for example, e is about 4 per cent greater
than Ea on average, whereas the individual results from the different
food tables show a difference of between 1 and 7 per cent. Since fibre
is generally excluded in the calculation of e. and about a third of
the energy in proteins is deducted to account for urinary energy losses,
the foods for which the difference between e and E^ is largest are
those foods with relatively high fibre or protein contents. Thus
for dried red chillies (Capsicum frutesoens), e is about 40 per cent
greater than E^, whilst for fresh and dried fish, e is about 30 per
cent greater than E.. For cereals and starchy vegetables, which
contain relatively small quantities of protein and fibre, and for oils
and sugars, which contain virtually none, the difference between E and

ea is less than 10 per cent. For legumes, which contain rather more
protein, E is 10 to 20 per cent greater than E^ and for most fibrous
vegetables E exceeds eA by between 20 and 40 per cent. Care must be
taken in applying these figures, however, because of the considerable
differences which exist between the various methods used for calculating

ea in food tables. Thus Wu Leung et al (1972) include the total ,



Table 2.8 Average energy values for human foods

No Food Edible
portion
as usually
purchased

Heat of combustion Available
pnprav

Percentage
difference

(E-EJ
100 p——

bA

Wet basis
(£)

Dry basis
(ty

ciici yj

(*,)
(w.b.)

% MJ/kg MJ/kg MJ/kg %

1 Rice 100 15.5 18.0 15.0 4

2 Kurakkan 100 15.0 17.5 14.0 9

3 Maize 100 16.0 18.5 15.0 9

4 Wheat flour 100 15.5 18.0 15.0 5

5 Green gram 100 16.5 18.5 14.0 17

6 Black gram 100 16.5 18.5 14.0 16

7 Cowpea 100 16.5 18.5 14.0 17

8 Lentil 100 16.5 18.5 14.5 15

9 Potato 85 4.0 17.0 3.5 9

10 Sweet potato 90 5.0 17.0 5.0 5

11 Manioc 80 6.5 17.0 6.0 4

12 Brinjal 90 1.5 17.5 1.0 30

13 Lady's fingers 85 2.0 17.0 1.5 27

14 Snakegourd 95 1.0 17.5 1.0 28

15 Cucumber 80 0.5 15.5 0.5 20

16 Pumpkin 80 1.5 17.0 1.0 18

17 Cabbage 90 1.5 17.0 1.0 37

18 Chi 1 lie - green 90 2.5 18.0 1.0 115
- dried 100 16.5 18.5 11.5 43

19 Cooking plantain 60 4.5 17.0 4.0 9

20 Plantain 65 5.0 17.0 4.5 8

21 Mango 70 3.0 17.0 2.5 11

22 Guava 100 3.0 17.5 2.5 34

23 Coconut (kernel) * 55 17.5 31.0 15.5 12

24 Gingelly 100 27.5 29.0 24.5 12

25 Fresh fish 100 5.0 21.5 4.0 32

26 Dried fish 100 17.5 22.5 13.5 31

27 Buffalo milk 100 5.0 28.0 4.5 10

28 Egg (Hen) 90 8.0 30.5 7.0 15

29 Coconut oil 100 39.0 39.0 37.5 4

30 Sugar - white 100 17.0 17.0 15.5 4
- crude brown 100 17.0 17.0 16.5 5

31 Jaggery 100 16.5 16.5 15.0 2

Source: Average values calculated in Appendix 3 from data given in food composition tables.
Edible portion rounded to nearest 5 percentage points, heats of combustion and
available energy to nearest 0.5 MJ/kg. Percentage difference between E and E^given as calculated from unrounded average values.

* Edible portion calculated from weights given for "standard" coconut in Table 8.1, assuming
coconut purchased without husk. Average heats of combustion calculated in Appendix 17,
Table A17.1 from data given in food composition tables; average available energy calculated
from values given in the same tables.
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carbohydrate content in their estimation of EA, the appropriate
energy factor varying from 1.33 kcal/g (5.6 MJ/kg) for chocolate
and cocoa to 4.16 kcal/g (17.4 MJ/kg) for degermed maize and polished
rice (20). Paul and Southgate (1978), on the other hand, include
only measured quantities of the carbohydrates known to be available
and entirely exclude cellulose, pentosans and other components of

dietary fibre, which are considered to be wholly unavailable (114).
For this reason, the values of given by Paul and Southgate for
some foods such as lentils are substantially lower than the values
given in most food composition tables. (These low values have been
excluded in calculating the average figures in Table 2.8.)

Perhaps the most interesting point about Table 2.8 is that the
dry-basis heats of combustion of practically all the cereals, legumes,
vegetables, fruits and sugars lie in the range 17.5 ± 1 MJ/kg. This
is very close to the average of 18 MJ/kg observed for crop residues
and most animal foods. The small difference is probably due to the
different methods of calculation of the heats of combustion; the
coefficients for ether extract {EE), nitrogen-free extract {NFE) and
crude fibre (CF) in Equation 2.20 are slightly higher than the
corresponding coefficients for fat, carbohydrate and fibre in Equations
2.23 and 2.24. The average heat of combustion can reasonably be
taken as 18 MJ/kg. It is only for cooking oils, animal products and
oil seeds and nuts that the dry basis heats of combustion in Table 2.8
are higher. The consumption of these foods is relatively low in the
village and throughout Sri Lanka in general. The average dry basis
heat of combustion of the food consumed in Sri Lanka is probably about
20 MJ/kg, which is the same as the dry basis heat of combustion of wood.

2.8 Average energy values for animal foods

The only animal foods of interest in the present study are those
consumed by ruminants. As with human foods, few direct calorimetric
measurements appear to have been made but heats of combustion can be
determined approximately from composition data. The proximate
composition of animal foods is usually expressed in terms of the
following constituents:
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crude fibre

crude protein

ether extract

(CP)

(EE)

(CF)

nitrogen-free extract (NFE)

and moisture

ash (a)

(m)

These are generally measured either in g per kg of dry matter or as

a percentage of the weight of dry matter. The latter form is used
here, so that

The dry basis heat of combustion of an animal food may be calculated
from the composition data according to the following formula already
given in Section 2.6 under "Crop residues?'(73):

EQ = 0.226 CP + 0.407 EE + 0.192 CF + 0.177 NFE MJ/kg, (2.20)

Although there are several different measures of the energy in
animal foods, the metabolisable energy (ME) may be regarded as the
basic measure in the study of animal nutrition. The ratio of ME to GE,

called the metabolisability (Q), is also widely used in comparing different
diets and foods. For accurate measurements of ME it is necessary to

analyse the faeces, urine and gases produced by the animal. If only
the faeces are analysed, as in digestibility trials, then ME can be
calculated as approximately 0.8 DE, or, according to MAFF (40), 0.81 DE

(see Section 2.5). A1ternatively, there are various formulae whereby
ME may be calculated from the proximate composition and the digestibility
of the individual constituents as determined in digestibility trials.
MAFF (115) quote the following formula developed for ruminant animals
at the Oscar Kellner Institute in Germany:

CP + EE + CF + NFE + a = 100

ME (MJ/kg) = 0.152 DCP + 0.342 DEE + 0.128 DCF + 0.159 DNFE,

(2.25)
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where DCP is the digestible crude protein

DEE is the digestible ether extract

DCF is the digestible crude fibre

and DNFE is the digestible nitrogen-free extract,

all expressed as a percentage of the weight of dry matter and calculated
as the product of the nutrient content given above and the appropriate
digestibility factor. An example of a typical calculation is shown
in Figure 2.4 for Bvaohiaria bvizantha (signal grass), the most common

of the pasture grasses grown in the Dry Zone of Sri Lanka (116). Gohl
(1981) gives a slightly different formula for calculating ME (117), which
may be expressed as follows:

ME (MJ/kg) = 0.181 DCP + 0.323 DEE + 0.150 DCF + 0.152 DFNE.

(2.26)

For the composition and digestibility data in Figure 2.4 this gives a

metabolisable energy of 7.72 MJ/kg, only 25% greater than the value
calculated by Equation 2.25.

Of the three losses of chemical energy occurring in the digestion
of food by a ruminant animal, the largest and most variable is the
faecal energy loss (FE). As already seen, this is equal to the
difference between the gross energy (GE) and the digestible energy

(DE) in a food or diet. Although the digestible energy is rarely
tabulated for animal foods it may be calculated from data on the

composition and digestibility of a food in the same way as the
metabolisable energy (ME). Gohl (117) gives a formula for ruminant
animals which may be written as follows:

DE (MJ/kg) = 0.242 DCP + 0.341 DEE + 0.185 DCF + 0.170 DNFE.
(2.27)

MAFF (118) suggest a rather simpler method of determining DE which
is based on the use of an average figure for the heat of combustion
of the digestible organic matter in foods. The value of 19 MJ/kg is
considered appropriate, whence DE may be calculated as:



Figure 2.4 Calculation of GE, ME, DE and DOMD for animal food
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Description of food: Fresh, mature signal grass (Bvaohiaria bvizantha)
from Nigeria.

Energy factors^ Calculation
Composition* Digestibility* GE ME GE ME

(1) (2) (3) (4) (1)x(3) (1 )x( 2):
(%d.b.) (MJ/kg)

CP 4.0 0.200 0.226 0.152 0.90 0.12

EE 1.3 0.154 0.407 0.342 0.53 0.07

CF 31.1 0.566 0.192 0.128 5.97 2.25

NFE 52.5 0.610 0.177 0.159 9.29 5.09

16.69 7.53

(GE) (ME)

Calculation

Composition* Digestibility* DE factort DE DOMD

(1) (2) (3) (1)x(2)x(3) (1)x(2
(%d.b.) (MJ/kg) (%)

CP 4.0 0.200 0.242 0.19 0.8

EE 1.3 0.154 0.341 0.07 0.2

CF 31.1 0.566 0.185 3.26 17.6

NFE 52.5 0.610 0.170 5.44 32.0

8.96 50.6

(DE) (DOMD)

* Source of data: Blair Rains, (1963)

t Energy factors: GE as in Equation 2.20,
ME as in Equation 2.25,
DE as in Equation 2.27.



DE (MJ/kg) = 0.19 (DCP + DEE + DCF + DNFE).

The expression in parentheses is simply the total digestible organic
matter expressed as a percentage of the weight of dry matter in the
food, that is the percentage of digestible organic matter in the dry
matter [DOMD). Thus

For signal grass, as shown in Figure 2.4, DOMD is about 50%, which
implies a digestible energy, by Equation 2.28, of about 9.5 MJ/kg.
This is only slightly larger than the value calculated by Equation 2.27

Average energy values for various types of food consumed by
ruminant animals are given in Table 2.9. These values have been
derived from data compiled by MAFF (1975) and Gohl (1981). The values
for the individual foods on which the average figures were based are

given in Appendix 2 and, for rice crop residues, in Table 2.10.
Although a number of these foods would not be found in the village, or

possibly anywhere in Sri Lanka, they have been included as representati
of various classes of food which may be consumed by ruminant animals.
The oxen and buffaloes in the village live mainly on wild grasses and
the leaves of various shrubs and trees on which no data could be found.

Assuming, however, that the energy values of these foods are roughly
the same as for other similar foods found in temperate climates, it is

possible, from the average values given in Table 2.9, to estimate the
relative quantities of digestible and metabolisable energy supplied by
their diet.

It is clear from the data in Table 2.9 that the average dry basis
heat of combustion of most animal foods is about 18 MJ/kg. The same

value has already been observed for crop residues and for most human
foods. Although there are a few animal foods such as oil seeds and
cakes, and animal by-products, which have higher heats of combustion,
the consumption of these foods in Sri Lanka is small and in the village
completely negligible. (The only sources in the village are milk for

DE (MJ/kg) = 0.19 DOMD, (2.28)

where DOMD [%) = DCP + DEE + DCP + DNFE. (2.29)
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Table 2.9 Average energy values for foods consumed by ruminant animals

U GE ME Q DOMD FE

(w.b.) (d.b.) (d.b.)
% MJ/kg MJ/kg % % Of GE

Least unit of measurement 5 1 1 0.05 5 5

Good pasture grass 80 18 11 0.60 70 30
(20-35)

Poor quality grass
(e.g. Ryegrass, Rice grass)

75 18 8 0.45 50 45

Rice straw 15* 16 6 0.35 40 60

Rice husks 15* 16 3 0.20 20

(15-30)
75

(70-85)

Rice mi 11 feed 15* 18 7 0.40 45 55

Other cereal crop residues 15 ' 18 6 0.35 40

(35-50)
55

(45-65)

Hay 15 18 8

(7-10)
0.45

(0.40-0.55)
55

(45-65)
40

(30-50)

Leaves of root vegetables 85
(75-90)

17 9

(7-10)
0.50

(0.40-0.60)
55

(40-65)
45

(30-55)

Other leaves (dried)
(e.g. leaves of trees, nettles)

15 18 10 0.55 55 40

Shrubs and bush
(e.g. heather, gorse, brushwood)

40

(25-50)
19 6 0.35 40 55

Grains and seeds
(cereals and legumes)

15 19 13
(11-15)

0.70
(0.60-0.85)

85
(70-95)

15
(0-30)

* Average air-dry moisture content in Sri Lanka is about 15% (d.b.) which to nearest 5 percentage
points is equal to 15% w.b.

Source: Derived from Appendix 2, Table A2.1. Values for rice crop residues from Table 2.10.

Abbreviations:

V moisture content

GE gross energy

ME metabolisable energy

g metabolisabi1ity of food =
ME
GE

DOMD digestible organic matter in dry matter
FE faecal energy

Note: Range of values given in parentheses below mean value if individual values (rounded to least
unit of measurement) differ from mean value by more than least unit of measurement.



Table 2.10 Energy values for rice crop residues consumed
by ruminant animals
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Residue Source
of data

Type of
animal

GE

(d.b.)
ME

(d.b.)
DOMD FE

MJ/kg % I Of GE

Straw

Philippines G6hl (119) Cattle 15.1 5.3 36 62

India Gohl (119) Zebu 15.7 5.9 41 57

Cattle 15.7 • 5.7 40 58

India Odend1hal (84) Cattle* 16.0 5.7 39 59

Husks

Origin unknown • MAFF (85) Ruminant 16.1 2.5 15 84

Malaysia Go hi (86) Sheep 16.1 4.4 29 70

Egypt Gohl (86) Sheep 15.1 3.5 23 76

Rice mill feed+

Nigeria Gohl (86) Cattle 18.4 7.3 42 56

Zimbabwe Gohl (86) Cattl e 16.8 7.6 46 52

* Digestibility data as given by Gohl (119) for cattle.

+ Mixture of all waste products obtained in milling of rice; contains
approximately 60% husks, 35% bran and 5% polishings. Waste from
one-stage mills similar in composition. As animal feed can replace
up to 75% of hay with good results (Gohl, (1981), p.335).

Calculations:

All values calculated from composition and digestibility data given
in source as shown below:

Gross energy (GE) by Equation 2.20 for Eg.
Metabolisable energy (ME) by Equation 2.25.

Digestible organic matter in the dry matter (DOMD) by Equation 2.29.

Faecal energy loss (FE) by Equation 2.30.



calves and small quantities of squeezed coconut kernel near the

village dwellings.) The average heat of combustion given by MAFF
(74) for most animal foods is 18.1 MJ/kg. On this basis, the
percentage of the gross energy in a food which is lost in the faeces
may be calculated approximately as follows:

12 x 100 - 100 ('GE " DE)GE K GE '

= 100 - -t-stt dOMD (by 2.28)I o» I

which gives

Faecal loss (% of GE) = 100 - 1.05 DOMD. (2.30)

For signal grass, using the value for DOMD calculated in Figure 2.4,
this equation gives a faecal loss of 47%, which is close to the
directly derived value:

Faecal loss (%) = 100 (GE ~DE)Lrtj

,nn .16.69 - 8.96,= 100 (—}

= 46%.

The metabolisable energy concentration (MEC) of an animal ration
or diet is equal to the average quantity of metabolisable energy per

kg of dry matter consumed. For practically all ruminant animal diets,
MEC will lie between 8 and 14 MJ/kg. For the oxen and buffaloes in
the village it has already been shown in Section 2.5 that the
digestible energy will amount to about 55 per cent of the gross energy

intake, and the metabolisable energy to about 80 per cent of this, or

44 per cent of the gross energy. In other words, the metabolisability,
Q, of their diet will be about 0.44. Since the average heat of

combustion, or gross energy, of the foods consumed will be about
18 MJ/kg, the metabolisable energy concentration of the diet will be,

MEC = 0.44 x 18

- 8 MJ/kg.



From the values for ME given in Table 2.9, this is clearly the
concentration which would be expected for a diet consisting of
poor quality grass and leaves from shrubs and trees.

As rice is the principal food crop in the village and throughout
Sri Lanka, there are substantial quantities of rice straw and husks

produced. However, as the values in Table 2.10 show, these do not

make good animal foods, particularly the husks. Rice mill feed,
which is the waste produced in milling rice paddy, is slightly better.
It consists approximately of 60 per cent husks, 35 per cent bran and
5 per cent polishings (119), and because of the higher nutritive
qualities of the bran and polishings, has a higher metabolisable
energy than the husks alone. The dry basis heat of combustion of
rice straw and husks are, as already seen, lower than the average

value of 18 MJ/kg. This is because of their high ash content. The
ash content of different parts of the rice plant varies, as shown in
Appendix 2, Table A2.2. Thus the ash content of the milled grain is
low, only about 1 per cent, whereas the ash content of the husk or

bran may be as high as 20 per cent. The heats of combustion also
vary, partly because of differences in ash content and partly
because of differences in composition. However, the heat of
combustion of the whole grain is still about 18 MJ/kg, as for the
husked or milled grain, because although the husk has a lower heat
of combustion, it comprises only about 20 per cent of the weight of
the whole grain.

2.9 Summary

As pointed out at the beginning of this chapter, care must be
taken in comparing different sources of stored chemical energy, to
ensure that the same measure of energy is employed in all cases.

Because foods and fuels are not oxidised under the same conditions,

the measures of energy used are generally different. Complete
oxidation of a food or fuel is rarely possible in practice, and even

when it is, the energy released cannot all be captured and used to do
work. This is a simple consequence of the Second Law of Thermodynamics
The measures of energy used by engineers for fuels, by human
nutritionists for human foods and by animal nutritionists for animal
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foods refer specifically to the stored chemical energy in these
substances which can be released under the normal conditions of

combustion. Thus the low heat value of a fuel refers to the

condition that any water released during combustion will remain in the
vapour state until after it has escaped from the combustion chamber;
the measure of available energy in a human food takes account of
the inevitable losses of stored chemical energy in faeces and urine;
and the metabolisable energy in an animal food takes account of the
losses of energy not only in the urine and faeces, but also, in the
case of ruminant animals, in the methane gas released from the rumen.

All of these measures refer, in effect, to the total quantity of
chemical energy which is converted into heat under the normal conditions
of combustion. It is important to note, however, that unlike the
measures of energy in human and animal foods, the low heat value of a

fuel refers to complete oxidation. This is largely because there is
no well-defined state of partial oxidation which applies to all fuels
and combustion appliances.

The total quantity of energy released when a combustible substance
is completely oxidised at constant atmospheric pressure, and any water

produced is in the liquid state, is called the heat of combustion.
Because complete oxidation of solid and liquid substances is not

usually possible at atmospheric pressure, the energy released is
measured in a bomb calorimeter at a much higher pressure, and corrections
are then made to refer the measurement to the standard conditions. The

products when combustion is complete are mainly water, carbon dioxide,
oxygen and nitrogen, which are the basic chemical constituents from
which all plant matter is formed by photosynthesis. The heat of
combustion of any combustible matter is, in effect, equal to the total
quantity of energy required to form that matter, and the oxygen

necessary for its complete combustion, from the basic constituents.
This is true whether the matter is biological in origin or not. In
the construction of an ecological energy flow diagram, which traces
the flow of photosynthetic energy stored in various foods and, possibly,
fuels, the measure of energy used must, therefore, be the heat of
combustion. The use of any other measure, or measures, would lead to
an imbalance between the flows of energy to and from each element of
the diagram, thus violating the First Law of Thermodynamics. This may



seem obvious to some but it has clearly not been obvious to all
those who have tried to construct energy flow diagrams (see Chapter 1,
Section 5).

The heat of combustion is also the basic measure of the energy

released in a combustion reaction which is used in the study of
Thermodynamics. The conditions of temperature and pressure to which
it relates are the same as for other heats of reaction. In the

present work, the chemical energy stored in a given quantity of
combustible matter, whether food or fuel, is called the energy content;
it is calculated by multiplying the weight of the substance (in kg)
by its heat of combustion (in MJ/kg). In the same way, the available
energy content of a given quantity of some human food is the product
of its weight (in kg) and its available energy value (in MJ/kg).
Similar measures are also used for animal foods.

The heats of combustion of foods and fuels vary from less than
1 MJ/kg for certain fruits and vegetables to almost 50 MJ/kg for
petroleum fuels. Much of the variation is caused by differences in
moisture content, and, to a lesser extent, differences in ash content.

Expressed on a dry basis, the heats of combustion of practically all
human and animal foods lie in the range 18 ± 2 MJ/kg. Only foods with
a high protein or fat content, such as animal products and oil seeds
have a higher value. Figure 2.5 shows the range of dry-basis heats
of combustion for various foods consumed by man and animals and for
various non-gaseous fuels used by man. The heat of combustion of
urea which is used as a nitrogen fertilizer is also given for comparison
Clearly all human and animal food substances have dry-basis heats of
combustion between 10 and 40 MJ/kg. Only petroleum fuels have values
in excess of 40 MJ/kg.

The difference between the heat of combustion of a substance and

the quantity of heat energy released when that substance is oxidised
in practice, either as a food or a fuel, varies considerably. The
low heat value of most fuels is between 2 and 10 per cent less than
the heat of combustion^although for very wet fuels, with a moisture
content in excess of about 30% (d.b.), the difference will be larger.
In the case of foods consumed by man and animals, the stored chemical
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Dry-basis heats of combustion for foods and

non-gaseous fuels : range of typical values

■*" Pentane 1

Petrol
Kerosene
Diesel

Edible fats and oils

Anthracite

Charcoal (kiln); coconut kernel; egg
+■ Alcohol (ethanol) 1
^ Buffalo milk

Lignite 1
•*" Proteins

Methanol 1
* Fish

Peat 1
Wood; average human diet in Sri Lanka

^ Most human and animal foods
Carbohydrates; cattle dung
Rice straw, husks and chaff
Certain seaweeds 2

*■ Urea 3

Sources: 1 See Bialy, (1979), pp.16,24.
2 MAFF, (1975), p.79.
3 Calculated from Weast, (1974),

p.D-248.
Others: See text and Tables 2.4, 2.8,

2.9.



energy which is not released as heat is lost in three ways - as

undigested matter, which is excreted in the faeces; as digested
but only partially oxidised nitrogenous compounds, which are excreted
in the urine; and as unoxidised gaseous matter, mainly methane,
which is produced by anaerobic bacterial action and released by
eructation. The last loss is significant only in ruminant animals.
The human digestive system is very efficient; the loss of energy in
the urine is usually only 3 or 4 per cent of the total energy intake
and in the faeces between 2 and 10 per cent, depending on the fibre
content of the diet. In the case of ruminant animals, such as oxen

and water buffaloes, however, the losses are much higher. The
chemical energy lost in the faeces varies greatly, from 20 per cent
to as much as 60 per cent of the gross energy intake, depending on

the quantity of roughage in the diet. The loss of energy in the
methane gas released is generally between 6 and 8 per cent of the
gross intake and the total loss in the gas and urine together is
usually 19 or 20 per cent of the digestible energy intake (gross
energy minus faecal energy). The average losses of chemical energy

for the foods consumed by humans and animals in the village are

shown in Figure 2.6.

Notes and References

1) Hubbert, (1971), pp.32-33.
2) This can be seen to follow directly from the First Law of

Thermodynamics and from the definition of the enthalpy of a
system. Using the usual notation, U - internal energy,
P = pressure, V = volume, Q = heat absorbed by system and
W = work done by system, the first law can be written,

dU = dQ - dW.

For a hydrostatic system in the absence of gravitational,
electric, magnetic and surface effects,

dW = PdV,

whence

dQ = dU + PdV.

The enthalpy, H, of a system is defined by the relation,



Figure 2.6 Average losses of chemical energy for human and
animal foods consumed in village
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H = U + PV

whence

dH = dU + PdV + VdP

= dQ + VdP.

At constant pressure, dP - 0, whence dH = dQ as required. It
can be shown similarly that for reactions occurring at constant
volume, since dw = PdV = 0, dQ = dU, i.e. the heat absorbed by
the reacting system is equal to the increase in its internal
energy.

3) Heat of combustion as given by Weast (1974), p.D-244.
4) Heats of formation as given by Weast (1974), p.D-78.
5) British Standards Institution, (1961), p.8.
6) Ibid., pp.7-8.
7) Ibid., p.9,condition 'e1.
8) Ibid., p.16, note 10. The maximum correction is -0.9 cal/g

(3.8 kJ/kg) for light paraffinic hydrocarbons.
9) Ibid., p.9.

10) Ibid., p.19.
11) Ibid., p.15, note 1.
12) For a brief history of the work done in this area see McCance

and Widdowson (1960), pp.153-155.
13) Atwater and Bryant, (1900), pp.104,110.
14) McCance and Widdowson, (1960), p.154.
15) Atwater and Bryant, (1900), pp.80-83.
16) Maynard, (1944), pp.449-450.
17) Merrill and Watt, (1955), p.25, Table 13.
18) McCance and Widdowson, (1960), p.155.
19) Maynard, (1944), p.448, cast doubt on the assumption that the

energy derived from the digestion of so-called "unavailable
carbohydrates" was insignificant for all foods. It is
interesting that in a dietary study on fifty individuals carried
out more recently by Southgate and Durnin, (1970), pp.524-5,
the apparent digestibility of the "unavailable carbohydrates"
in the diets ranged between 72% and 98% for pentosan and between
15% and 55% for cellulose.

20) Wu Leung et al, (1972), p.149.
21) Copalan et al, (1977), p.57.
22) Piatt, (1962), p.2.
23) MAFF, (1976), p.23; Paul and Southgate, (1978), p.9.
24) Widdowson, (1955), p.142.
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25) A comedy of errors, which, incidentally, Widdowson helps to
perpetuate. The error in question was, in fact, originally
made by Atwater and Bryant (1900), p.101, in calculating
the energy conversion factor for protein, and was corrected
by the F.A.O. Committee on Calorie Conversion Factors and
Food Composition Tables in 1947. The calculations, as laid
out by Widdowson, (1955), p.151, are produced below:

Suppose:
Heat of combustion of protein =

Coefficient of digestibility =

Correction factor for unoxidised
material in urine

5.65 kcal/g
0.85

= 1.25 kcal/g protein

Atwater method:

5.65 x 0.85* =

4.80 - 1.25 =

4.80

3.55 kcal/g protein ingested,

F.A.Oo method:

5.65 - 1.25 = 4.40

4.40 x 0.85 = 3.74* kcal/g protein ingested.

* Note: The figures given in Widdowson's paper at the two
places marked above with an asterisk are actually
0.84 and 3.75 respectively; these are presumably
typographical errors.

According to Widdowson, (1955), p.150, the F.A.O. method must
be incorrect, but in fact the reverse is true. The correction
factor, 1.25 kcal/g, refers to digested, and not ingested, protein.
Therefore, in the second line of Atwater's calculation above,
the deduction for unoxidised material in the urine should be
0.85 x 1.25 = 1.06 kcal/g, and not 1.25 kcal/g. Atwater's
calculation would then give the same result as that of the
F.A.O., namely 3.74 kcal/g. This mistake was actually corrected
by Langworthy and Milner, (1904), and was pointed out again by
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CHAPTER 3 GENERAL DESCRIPTION OF SRI LANKA

3.1 Land and climate

Sri Lanka is a small tropical island situated to the east of
the southern tip of India between the latitudes of 6° and 10° north
and the longitudes of 79° and 82° east. It is roughly pear-shaped
and has an area of 6.6 million hectares. A mountainous region in
the southern central part of the island covers about one sixth of
the total area and is surrounded on all sides by low-lying plains.
The total length of the island, from north to south, is about 430 km,
and the maximum width from east to west, about 225 km. The highest
peak (Pidurutalagala) is just over 2,500 m above sea level but most
of the hill country, as it is called, is below 1,000 m while the
plains are generally below 150 m. Altogether the country may be
divided into 103 component natural river basins and a further 94
small coastal basins (1). The largest river in the island, the Maha-
weli Ganga (335 km), is currently being dammed and diverted at sev¬

eral places as part of a large irrigation and hydro-electric scheme
funded by a number of Western countries. The major physical features
of the island are shown in Figure 3.1.

Being close to the equator, Sri Lanka has a hot humid climate
although the proximity of the sea has a moderating effect on the
temperature in most parts. Average temperature, humidity and rain¬
fall data are given in Table 3.1 for nine meteorological stations
situated in different parts of the island. The average temperature on

the plains is about 27°C, with a mean daily maximum of 31°C and a mean

daily minimum of 24°C. In the hill country, because of the altitude,
the temperatures are lower; Nuwara Eliya, at an altitude of about
2,000 m, has an average temperature of 15°C. In general, the average

temperature drops at the rate of 6°C for every 1,000 m increase in
altitude (2). The variation in the mean monthly temperature is rel¬
atively small in many areas, tne difference between the hottest and
coolest months in the year usually lying between 2 and 4°C. The
relative humidity during the day may be as high as 80 to 85% during
the wettest months, particularly in the hill country, and as low as
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Table 3.1 Meteorological data for selected stations

Station Air Temperature Relative Humidity Rainfall

(see Figure Average over 30 year period, 1931 - 60

3.1 for

location)

Mean
dai ly
maxi¬
mum

Mean
daily
mini¬
mum

Mean Day Night Year

°C % mm

Colombo 30.0 23.9 26.9 76 89 2400

Jaffna 30.1 25.2 27.6 76 86 1330

Trincomalee 31.0 24.9 28.0 70 83 1730

Hambantota 30.2 24.0 27.1 77 89 1080

Ratnapura 31.5 22.8 27.2 76 93 3890

Anuradhapura 31.7 22.9 27.3 70 92 1450

Kandy (Katu-
gastota) 28.8 22.0 24.4 72 90 2020

Diyatalawa 24.6 15.8 20.2 72 88 1730

Nuwara Eliya 20.1 10.8 15.4 78 90 2160

Source: DCS, (1975a), pp.14-19 for mean air temperature and
relative humidity; DCS, (1980a), p.6 for other data.
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60% during the driest months, particularly in the plains. The aver¬

age over the year is usually between 70 and 80%. At night, because
of the drop in temperature, the relative humidity is generally between
85 and 95% throughout the island (3).

The climate in Sri Lanka is dominated by two monsoons, one from
the north-east, which blows between December and February, and a

second from the south-west, which blows between mid-May and September.
These two monsoon periods follow the movement of the inter-tropical
convergence zone (ITCZ) which marks tiie boundary between the
air masses of the northern and southern hemispheres. When this zone

crosses Sri Lanka in October and early November, moving south from
the Tropic of Cancer to the Tropic of Capricorn, it brings the north¬
east monsoon behind it. The south-west monsoon then follows the move¬

ment of the ITCZ northwards across Sri Lanka in May. During the two
intermonsoon periods, when the zone lies in the immediate vicinity of
the island, there is a substantial rainfall due to depressional and
cyclonic activity. It is during the second intermonsoon period, in
October and November, that the heaviest rains occur throughout the
island. The monsoon rainfall depends on the moisture content and
depth of the monsoon winds. Most of the precipitation occurs as a

result of the forced lifting and cooling of the monsoon stream as it
passes over the mountains. Accordingly, the rainfall during most mon¬

soon periods exhibits an orographic distribution. During the period
of the south-west monsoon the saturated air currents coming across

the Indian Ocean are lifted abruptly by the southern and central
mountains and deposit most of their moisture on the south-western part
of the island. When the winds blow from the north-east, however,

although the precipitation is heavier in the north-east than the south¬
west, the rainfall distribution is more even than with the south-west
monsoon because the air streams are warmer, contain less moisture and
are not lifted so abruptly.

Associated with the two monsoon periods and the related inter¬
monsoon periods are two agricultural seasons - the Maha season,

stretching from September to March, and the Yala season from April to

August. The average distribution of the rainfall over the island
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during these two seasons is shown in Figures 3.2 and 3.3. The
Maha season is clearly the period of greater rainfall throughout the
country and is consequently the main period of agricultural production.
Since the rains of the Yala season fall almost entirely on the south¬
west part of the island, there is relatively little agricultural
activity over the rest of the country during this period.

The effect of the southern central highland region on the rainfall
distribution throughout the island is such that the country may be
divided into two distinct zones: the Wet Zone covering most of the
south-west quadrant of the island and benefiting from a substantial
rainfall throughout the year, and the Dry Zone, covering the rest of
the island, and suffering from marked periods of low rainfall or even

drought. Technically, the boundary between the two zones is defined
as the 508 mm (20 in) isohyet of the average south-west monsoon rain¬
fall (4), although by this definition there are parts of the Dry Zone
which have an annual rainfall typical of the Wet Zone and vice versa

(5). The annual rainfall distribution throughout the island, and the
boundary between the two climatic zones, is shown in Figure 3.4. The
average distribution of the rainfall throughout the year for the two
zones and for the island as a whole is shown in Table 3.2. The mean

annual precipitation in most parts of the Wet Zone is between 2,000
and 6,000 mm, with an average over the entire zone of 2,400 mm. In
the Dry Zone, on the other hand, the average is only about 1,500 mm,

dropping to as low as 1,000 mm in the extreme north-west and south¬
east and exceeding 2,000 mm only in the eastern foothills.

The physical transition from the Wet Zone to the Dry Zone is quite
evident to any traveller as a very definite change in vegetation. The
distinction between the two zones also indicates differences in the

type of agriculture practised, the density of population and the
general level of economic activity. Although the average rainfall in
the Dry Zone is considerably less than in the Wet Zone, it is still
higher than in most parts of Europe and the UK. The reason for the
shortage of water in the Dry Zone is the high temperature and the
consequently high level of evaporation and evapotranspiration. The
average rate of evaporation is about 1870 mm per year, which is
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Figure 3.2 Maha season rainfall (September to March):
average 1931-1960

VAVUNIVA

TRKlCOMALEE

NUR/vDHAP\JRA

MAIIA I I.tTPPALAM,

pirn^LAM
P0L0NNAR5WA

KURVNECALA

KALMUNAI

IPARAI
•KEGALLC

POINT PE l)HO

N'T PASS

Isohyets in cm

MULLA ITIVU

CHI LAW

MANNAI

TI ^SAMAHARAMA

• HJrTU] A N TOTA

LF.

TTICALOA

• EGOMJJOL

f'DI.OMHO

KALUTAKA

UENTOTA

MATARA



128

Figure 3.3 Yala season rainfall (April to August):
average 1931-1960
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Figure 3.4 Annual rainfall: average 1931-1960



Table 3.2 Average monthly rainfall

Dry Zone Wet Zone All island
(mm) (mm) (mm)

January 190 110 150

February 70 70 70

March 80 140 110

Apri 1 100 220 160

May 70 300 190

June 20 240 130

July 30 200 no

August 50 150 100

September 70 200 130

October 200 360 280

November 300 290 300

December 270 150 210

TOTAL 1,450 2,430 1,940

Source: Derived from Arumugam, (1969), p.2.
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higher than the average rainfall, although the monthly rate varies
throughout the year, as shown in Table 3.3, and between October and

January is less than the average monthly precipitation. In the Wet
Zone, by contrast, the average rate of evaporation is only about
900mm per year.

3.2 History

Historical records in Sri Lanka go back over two and a half
thousand years to the arrival of the first Aryan settlers from the
north of India. According to an ancient chronicle called the
Mahauamsa (History of the Great Dynasty), an Indian prince named
Vijaya, and about seven hundred of his followers, colonised the
island in 543 B.C. (6). Prior to this time, the island had apparently
been occupied by various aboriginal tribes from whom the Veddah
people, now living in small isolated communities to the east of the
mountains, are probably descended.

The Indian settlers brought with them agricultural skills and
knowledge developed over many centuries in the relatively dry plains
of both north and south India. In particular,they knew how to build
shallow reservoirs with low mud embankments to store water for dom¬

estic purposes and for the irrigation of various crops such as rice.
The use of these irrigation tanks, which is still essential to rice
cultivation in the Dry Zone of Sri Lanka, is also common in Bengal
and in Tamil Nadu. Village settlements generally grew around the
reservoir, with the irrigated rice fields below the embankment, and
most of the dwellings, and gardens for other crops, on either side (7).
It was from one of the earliest settlements called Anuradhagama,in
the north central part of the island, that the capital of the first
kingdom in Sri Lanka, Anuradhapura, developed (8). Successive kings
at Anuradhapura, notably Mahasena in the third century A.D., and
Dhatusena in the fifth, were responsible for the creation of a sub¬
stantial network of large irrigation tanks, many of which remain in
use today. The famous Minneriya tank which was capable of irrigating
almost 2,500 ha of land and which has never been breached to this

day (9), is only one of sixteen large reservoirs build by King Mahasena
during his 26 year reign (10). King Dhatusena (459 - 477 A.D.) is
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Table 3.3 Evaporation and evapotranspiration in the Dry Zone

Average evaporation Estimated evapo-
from water surface* transpiration for

grass+
(mm) (mm)

January 120 120

February 120 150

March 160 160

April 170 150

May 180 160

June 180 180

July 180 190

August 180 190

September 180 190

October 140 160

November 150 110

December 110 110

TOTAL 1,870 1,870

* FAO, (1968).

t Calculated by Joshua, (undated), p.2, from meteorological
data for Maha 111uppallama Research Station (near Anurad-
hapura) using modified Penman method.
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responsible for building the even larger Kalawewa and the 75 km irri¬
gation channel called the Yoda Ela which linked it to Anuradhapura (11).
It is still not fully understood how the engineers of this and later
periods were able to build these channels, many of which have a grad¬
ient of less than 0.01%.

The Anuradhapura kingdom lasted for almost 1200 years but repeated
invasions from the south of India by the Pandyans, and later the Cholas,
finally resulted in the fall of the capital towards the end of the ninth
century. The Cholan occupation of the island was centred at Polonnaruwa3
further to the south than Anuradhapura, but still in the Dry Zone; it
lasted until 1070 A.D., when the Sinhalese, under the leadership of Prince
Kitti (later Vijaya Bahu I), eventually overcame the invaders and re¬

established Sinhalese sovereignty in the Dry Zone, this time at Polonnaruwa. -

Possibly the greatest king in the history of Sri Lanka was Parakrama
Bahu 2, who reigned from 1157 to 1186 A.D. and was responsible for an

intense period of cultural, civil and military endeavour. Many tanks
and irrigation works destroyed or damaged by the invading forces from
India were renovated and several ambitious new schemes were undertaken.

In particular, the enormous Parakrama Samudra3 or "Sea of Parakrama",
which covers an area of over 2,000 ha (12) and today holds 120 million
m3 of water (13), was created at Polonnaruwa. The bund of the tank,
which was almost 15 km long and 15 m high (12), contained an estimated
3.5 million m3 of earthwork, and calculations by Brohier (14) suggest
that it would have taken 5,000 men, working 8 hours a day, over 7
years to build. There is ample evidence to show that Sri Lanka was more than
able to feed her population at this time; indeed the country was once

known as "the granary of the East". Together, the extensive network
of tanks at Anuradhapura and Polonnaruwa could have irrigated enough land
to feed a population of perhaps 30 million people (15). However, estimates
of the actual population at this time vary between 5 and 17 million (15).
Brohier points out that because of frequent invasions from India it is
likely that only a few of the tanks built ever operated at any one time.
He estimates that even at its zenith the total population of the island
was probably no more than about 4 million (16). Nevertheless, the
ancient irrigation works remain an impressive legacy from the past;
indeed most of the irrigation schemes planned in the Dry Zone today, were,

it seems, anticipated by the engineers of a thousand years ago (17).
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Sadly, the great kingdom of Parakrama Bahu I fell to invasions
from India in 1214 A.D., only a short time after his death. Tanks
were breached and had to be abandoned, the entire region became
infested with malaria and the survivors of the once great Raja Rata,
or "King country" of the Dry Zone,fled to the mountains and to the
south of the island. So ended the Great Dynasty. Within a short
time, the massive system of irrigation tanks arid channels, which
had taken centuries to develop and which once supported a population
of several million, was swallowed up in thick forest and bush, to
remain largely hidden for over six hundred years.

Over the next two centuries there was much strife and political
struggle with further invasions from India, and even China and
Malaysia. During this period the capital of Sri Lanka moved several
times. By the end of the fifteenth century, political power was

divided between the Tamil kingdon at Jaffna in the north and the
rival Sinhalese kindoms at Kotte and Kandy in the south. The year

1505 saw the arrival of the Portuguese in Colombo and the beginning
of 450 years of colonial occupation by European powers. The Portu¬
guese were little interested in the agricultural development of the
island except for the cultivation of cimmanon in the south. The
Dutch, who replaced the Portuguese as rulers in 1656, were more enter¬
prising and did much to encourage the cultivation of rice paddy
throughout the island. Their most significant contribution was the
construction in 1763 of the famous dam at Urubokke (18), 65 km north
of Matara, which improved irrigation to over 3,000 ha of paddy land
(19). In 1796, Sri Lanka passed into British hands and the Sinhalese
kingdom which had survived the Portuguese and Dutch occupations at
Kandy finally surrendered to the British in 1815. The total popul¬
ation of the island at this time was estimated by Davy (1821) to
have been about 0.8 million (20). The British brought many changes
to Sri Lanka, not the least of which was the development of large
tea, coconut and rubber estates in the Wet Zone. The renovation of
the ancient irrigation system of the Raja Rata was also begun and in
1900 a separate Irrigation Department was formed to coordinate the
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work. By the time Sri Lanka obtained independence in 1948 many

tanks and irrigation works had been restored and the population of
the island had grown substantially.

3.3 Population

The population of Sri Lanka recorded at the last census in
March 1981 was 14.9 million (21). Compared with the population of
12.7 million in October 1971 (22), this represents an average annual
growth rate of only 1.7%, which is lower than in most other Asian
countries (23). At this rate the population at the beginning of
1978, when the present study was carried out, would be about 14
million. The birth control programme in Sri Lanka appears to have
been very successful despite initial opposition from most of the
local ayurvedic (homoeopathic) doctors (24). From the beginning of
the century up until about 1960 the crude birth rate varied between
35 and 42 per thousand (25), but since 1973 it has been below 29
per thousand (26).

For administrative purposes Sri Lanka is divided into 24
districts each centred on a major town from which the district takes
its name (27). THe distribution and density of the population by
district in 1981 are shown in Table 3.4 and Figure 3.5. Nine of the
24 districts (the first nine in Table 3.4) lie entirely, or almost
entirely in the Wet Zone and a further six lie partially in the Wet
Zone and partially in the Dry Zone. It is clear that most of the
population live in the Wet Zone. The first nine districts in Table
3.4 account for 57 per cent of the total population but only 23 per

cent of the land area. Of the remaining districts, the most den¬
sely populated is Jaffna in the north; although very dry, this part
of the island is intensively cultivated by the largely Tamil popul¬
ation. Anuradhapura and Polonnaruwa, the two districts in which
most of the population lived during the time of the great kings,
now account for only 6 per cent of the total population.

In common with most Third World countries, the population in
Sri Lanka lives largely in the rural areas, although the proportion
living in the urban areas, that is within the boundaries of municipal,
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Table 3.4 Distribution and density of population by district, 1981

District Area* Population Density
(17 March 1981)

ha x 103 xlO3 Persons/km2 ha/pers

1 Colombo 65 1,698 2,610 0.04

2 Gampaha 140 1,389 1,000 0.10

3 Kegalle 166 682 410 0.24

4 Kandy 237 1,126 480 0.21

5 Nuwara Eliya 123 522 420 0.24

6 Ratnapura 324 796 250 0.41

7 Matara 125 644 520 0.19

8 Gal 1 e 167 815 490 0.20

9 Kalutara 161 827 510 0.19

Sub-total (1-9) 1,508 8, 499 560f 0.18+
10 Puttalam 298 493 170 0.60

11 Kurenegala 477 1,213 250 0.39

12 Matale 200 357 180 0.56

13 Badulla 282 643 230 0.44

14 Moneragala 713 280 40 2.55

15 Mambantota 259 424 160 0.61

16 Jaffna 207 831 400 0.25

17 Mannar 200 107 50 1.87

18 Mullaithivu 197 78 40 2.53

19 Vavuniya 265 96 40 2.76

20 Trincomalee 262 257 100 1 .02

21 Anuradhapura 713 588 80 1.21

22 Polonnaruwa 340 263 80 1 .29

23 Batticaloa 246 331 130 0.74

24 Amparai 299 389 130 0.77

Sub-total 4,958 6,350 130+ O. 78f
(10-24)

6,465++ 14,850++All Island 230 0.44

* Total land area excluding large inland waters
+ Averages
ft Totals as quoted, column sums differ slightly due to rounding errors.

Sources of data: Area - C8C, (1980a), p.18,
Population - DCS, (1981b), p.4.



137

Figure 3.5 Density of population by district
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urban or town councils, has increased over the years from about 12

per cent in 1901 to 22 per cent in 1971 (28). Since then the rate
of urbanisation seems to have dropped. In 1981, the proportion of
the population living in the urban areas was still 22 per cent (29).
Six per cent of the population in 1981 lived on the estates, mainly
in the Nuwara Eliya, Badulla and Kandy districts, and 72 per cent
lived in the rural areas. The rural population was highest in the
Dry Zone districts - 93 per cent in Anuradhapura ana 91 per cent in
Polonnaruwa (29).

Again in common with other Third World countries, Sri Lanka
has a young population; 42 per cent were under 18 in 1981 (21).
However, the dependency ratio, that is the ratio of those under 15
or over 64 years to those between 15 and 64 years, is relatively
low - 76 per cent in 1978 (30) compared to 96 per cent in the same

year for Pakistan and Tanzania and 82 per cent on average for low
income countries (31). Table 3.5 shows the age distribution of
the population in Sri Lanka at the time of the 1971 census. Child¬
ren under the age of 15 accounted for almost 40 per cent of the
total population, male adults just over 30 per cent and female adults
just under 30 per cent. The estimated distribution for 1978 was

almost identical (32).

Life expectancy is now surprisingly high in Sri Lanka; in 1978
it was estimated to be 69 years, compared to 51 years in India and
47 years in Bangladesh (33). Earlier this century the expectation
of life was much lower, being only 33 years for males and 31 years

for females in 1920-22 (34). Until 1946 a major cause of death was

malaria but since that time the spraying of DDT has dramatically
reduced the threat of this disease (35).

Racially, Sri Lanka is composed of a fascinating mixture of
peoples although by far the majority are Sinhalese. According to
the preliminary results of the 1981 census, 74 per cent of the
population were Sinhalese, 18 per cent Tamil, 7 per cent Moor and
the rest Malays, Burghers and other minority groups (21). A dis¬
tinction is generally made between Sri Lanka Tamils and Moors, who



Table 3.5 Age and sex distribution of population in Sri Lanka, 1971

Age Group Male Female Total

Per cent of total population

0 - 9 13 13 26

10 - 14 7 6 13

15 - 19 5 5 11

20 - 39 15 14 29

40 - 59 8 7 15

60 - 64 1 1 2

65+ 2 2 4

Total 52 48 100

0 - 14 20 19 39

15 - 59 28 27 55

15-64 29 27 57

15+ 32 29 61

Notes: Total population 12.690 million
Source: Calculated from DCS, (1975c), pp.13, 15.
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are descended from the early settlers on the island and Indian
Tamils and Moors, who were brought to Sri Lanka by the British in the
nineteenth century to work on the plantations. The former group is
more numerous than the latter although the latter still accounts for
about 6 per cent of the total population (21). The Sri Lanka Tamils
live mainly in the northern and eastern parts of the island, part¬
icularly in the Jaffna district where they account for 95 per cent
of the people (36). The Sri Lanka Moors are now found principally
in the Batticaloa and Amparai districts, while the Indian Tamils
still live mainly on the hill country estates as labourers, partic¬
ularly in the Nuwara Eliya district, where they account for almost
half of the population (37). Many of the Indian Estate labourers
are now being repatriated under the 1964 Indo-Ceylon agreement (38).
Elsewhere in the island the Sinhalese predominate in number. Although
there is some miscegenation between the Sinhalese and Tamil races,

they remain largely separate, partly because of differences in cul¬
ture, language and religion and partly because of a certain favour¬
itism shown to the Tamils by the British. Since the time of Independ¬
ence in 1948, antagonism between the two peoples has grown and on

several occasions, as in 1958 and 1977, has resulted in nationwide
outbreaks of violence.

Religion, in Sri Lanka, is closely related to race. Practically
all the Sinhalese are at least nominally Buddhist, dating back to
the third century B.C. when Buddhism was first brough to Sri Lanka.
The Tamils are largely Hindu and the Moors largely Muslim. Christians,
mainly Roman Catholic, account for about 7 per cent of the population
(21).

The literacy of the population has improved rapidly since the
beginning of the century and is now high compared to most other dev¬
eloping countries. It has been determined in population censuses as

the ability to read, write and understand a simple paragraph pertain¬
ing to everyday life. In 1901 little more than a quarter of the pop¬

ulation over the age of 10 was found to be literate; amongst women

over 10 the literacy rate was only 9% (39). Since then free schooling
has done much to reduce illiteracy and by 1971 the adult literacy
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rate had increased to 79%, 86% for men and 71% for woman (40).
Literacy in the rural and estate sector was slightly lower than in
the urban sector but still over 75% of the adult population (41).
In comparison, the average literacy rate of the population over 15
years of age in low income countries was only 38% in 1975 (42).

The labour force over 10 years of age in Sri Lanka amounted to
4.5 million, or 35 per cent of the total population5in 1971 (43).
Almost three-quarters of this number were men. Of the population
of working age, which in Sri Lanka is effectively 15 to 59 years

(44), 60 per cent were in the labour force, or 85 per cent of the men

and 33 per cent of the women (43). Nineteen per cent of the labour
force were unemployed in 1971 (43) although about 42 per cent of
these were not actively seeking employment (45). Of the 3.6 million
who were employed about 50 per cent were in agriculture, 13 per cent
in industry and 36 per cent in services and other activities (46).
By this measure, Sri Lanka is more industrially developed than most
low income countries where, in 1978, an average of 72 per cent were

engaged in agriculture, 11 per cent in industry and 17 per cent in
services and other activities (47). Unpaid family workers were

included in the enumeration of the labour force in 1971,but neverthe¬
less accounted for only 5 per cent of all those employed (48) and
only 15 per cent of those employed in agriculture (49).

3.4 Agricu Iture

Although agriculture is the principal occupation in Sri Lanka
the number of people actually employed in agriculture in 1971 was

apparently only 1.8 million (46), or 14 per cent of the total popul¬
ation. Over 700,000 of this number worked on the tea, rubber and
coconut estates, leaving about 1.1 million employed in traditional
agriculture, mainly in the rural areas (49). Assuming,as in 1981,
that the rural sector (excluding the estates) accounted for 72 per

cent of the total population, the proportion of the rural popul¬
ation employed in agriculture in 1971 would only be about 12 per

cent. Part of the reason for this is the large number of children,
many of whom attend school, and the large number of women engaged
in domestic work. Children under 10 accounted for 27 per cent of
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the rural and estate sector population in 1971 (cf. Table 3.5), while
students over 10 accounted for 13 per cent and men and women engaged
in domestic work accounted for 16 per cent (50). These classifi¬
cations, and those regarding type of employment, refer, of course,

to principal activities. There is no doubt that many women engaged
primarily in domestic work will help with certain types of agri¬
cultural work and that some men whose main occupation is non-agri¬
cultural may also cultivate small areas of land.

The principal agricultural crops in Sri Lanka are tea, rubber,
coconut and rice paddy. Tea and rubber are grown largely on estates
for the purpose of export; coconuts are grown partly on estates,
from which some of the produce is exported, but also to a consider¬
able extent in small holdings and gardens; paddy is grown entirely
for domestic consumption and mainly in small holdings of less than
one hectare.

Tea, rubber and coconut together account for about 72 per cent
of Sri Lanka's exports (51). Tea and rubber are grown almost entirely
in the Wet Zone, whereas coconut is grown in both the Wet and Dry
Zones, although mainly on the western side of the island, particularly
in the Kurunegala district (52). Tea is the major cash crop; in
1978 exports of tea amounted to Rs 6,400 m, or almost half the total
value of exports that year (53). The area of land planted with tea
is currently about 0.24 million ha, most of which is in the hill
country where the crop has been grown for over a hundred years since
its introduction by the British last century. Annual production is
about 0.2 Mt, of which all but about 10 per cent of the poorer quality
produce is exported (54).

The introduction of rubber as a plantation crop in Sri Lanka
followed the development of the motor industry in the West. Up until
1978, about 0.26 million ha of land in the middle of the Wet Zone were

planted with rubber and, as with tea, most of the produce was exported.
The value of rubber exports in 1978 was about Rs 2,000 m, or 15 per

cent of total export earnings (53).
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Unlike the tea and rubber, a large proportion of Sri Lanka's
coconut production is consumed locally, particularly in the form of
fresh nuts. Exports of coconut products, which accounted for about
10 per cent of all exports in 1978 (55), were mainly in the form
of desiccated coconut, coconut oil, coir fibre and coconut shell

charcoal. The area of land under coconut has changed little since
the 1983 agricultural census, when it amounted to about 0.45 million
ha, and yields over the past ten years have been declining (56).

Rice is the staple diet of the people of Sri Lanka and its
cultivation is more widespread and more important to the domestic
economy than the cultivation of tea, rubber or coconut. In 1978,
the area of asweddumised paddy land, that is land which has been
specially prepared for the cultivation of rice paddy, amounted to
0.66 million ha (57), or one tenth of the total land area of the
island. About 56 per cent of this was in the Dry Zone, mainly
under irrigation (58). The total area under major and minor irri¬
gation schemes amounted to 0.40 million ha (59) and of the remain¬
ing area, which is entirely rain-fed, a little over half was in
the Wet Zone (58). Because the paddy land is often cultivated during
both the Maha and Yala seasons, particularly in the Wet Zone, the
total cultivated area exceeds the asweddumised area, usually by about
one third (60). In 1978, 0.88 million ha of paddy were grown and
total production was about 2 Mt (61).

Although once known as "the granary of the East", Sri Lanka has
had to import increasingly large quantities of rice ever since the
influx of estate workers from the south of India in the middle of the

nineteenth century (62). Since 1900 imports have fluctuated between
0.1 and 0.7 Mt/y; 0.54 Mt were imported in 1977 and 0.17 Mt in 1978
(63). One of the major aims of the extensive Mahaweli Irrigation
Scheme currently being developed in the Dry Zone is to make Sri
Lanka self-sufficient in rice production. The master plan of the
project, drawn up in 1568, envisaged the supply of irrigation water
to a total area of 0.36 million ha, of which 0.10 million ha were

already irrigated during part of the year (64). The accelerated
Mahaweli programme initiated by the present government in 1977 should
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provide water to 125,000 ha of new land and 16,000 ha of existing land
under the scheme by the year 1983 (65). However, the scheme is undoubt¬
edly very ambitious as it involves the settlement of over a million
colonists in the project area,and there is now growing concern over
its future (66).

In addition to the four major crops described above,other perman¬

ent crops grown in Sri Lanka include fruits, such as plantain, papaw

and mango, and spices, particularly cinnamon and cardamom, which are

partly exported. The area under these crops in 1978 was probably over

0.25 million ha (67), giving a total area under permanent crops in Sri
Lanka of about 1.9 million ha, or almost 30 per cent of the total land
area. A variety of other crops is cultivated on a temporary basis.
These include cereals such as kurakkan and maize, legumes such as cowpea

and dhal and vegetables such as manioc, onions and chillies. Most of
these crops are grown under the system of slash-and-burn agriculture
known in Sri Lanka as chena cultivation. It has been estimated that in

1963 almost 1 million ha of land were cultivated in this way (68), but
in more recent offical publications (69) no data are given on chena
cultivation as such and the area under temporary crops in 1978 was

estimated to be only 0.36 million ha (70). The extent of chena culti¬
vation is difficult to measure and there is likely to be considerable
under-reporting of the areas cultivated since most of the land used
in this way is Crown Land. On the other hand areas reported as chena
land may refer to the total areas periodically cultivated under this
system of shifting agriculture and not to the areas actually cultivated
at any one time. The area actually cultivated under the main temporary
food crops in 1978 has been reported as only 0.22 million ha and this
refers to the total area cultivated under both the Maha and Yala seasons (71).

3.5 The villages

Most of the rice and other food crops for domestic consumption in
Sri Lanka are grown in the villages in which the rural population lives.
According to the results of the 1973 Agricultural Census (72), the total
area of paddy land reported in agricultural small holdings on the island
was 0.48 million ha. This was considered to be an underestimate for a

number of reasons (73); according to the paddy statistics collected
annually by the Department of Agriculture, the total extent of asweddum-
ised paddy land at the beginning of 1973 was 0.58 million ha (74), although



some of this would be on estates, that is agricultural holdings with
10 or more resident employees and areas of 20 acres (8 ha) or more (75).
Even so, small holdings still accounted for over 80 per cent of the
total asweddumised area. According to the census results,67 per cent
of these holdings had areas of paddy less than 0.4 ha and the average

extent of paddy per paddy holding was 0.72 ha (76).

At the time of the population census in 1971 there were 18,500
villages in Sri Lanka. Over 40 per cent of these had populations under
200 and almost 80 per cent had populations under 600; the average

population was about 470 (77). Because of the wide range of ethnic
and religous groups, and the marked variations in climatic conditions
found over the island, it is impossible to identify a typical village.
However, there is no doubt that agriculture is practised in most

villages and that paddy is the most widely-grown crop. According to the
ancient Sinhalese caste system, which still survives to a limited
extent in Sri Lanka, the farmer, or govigama, is highly placed in relati
to the other castes. Only the merchant and the shepherd belong to the
same caste, which according to Davy (1821) is known as the wiessia wanse

(78). The fishermen, smiths, tailors, potters, barbers and washermen
are all of a lower caste, the kshoodra wanse. There are two other

castes, both of which are higher: the ekshastria wanse, or royal caste,
and the bvaohmina wanse, or brahminical caste. However, their numbers
are small. As Davy notes (78);

"Fortunately in respect to caste, the population of the
country is more useful than honourable, being composed
of the two lower castes, almost to the complete exclusion
of the regal and brahminical, those two prolific sources
of mental and political despotism."

The origin of the caste system in Sri Lanka is not entirely clear
although it is related to the Indian system. Wijesekera (1965)
points out that most of the people in early Sinhalese society were

farmers, and suggests that the superiority of their caste derived from
their economic and political power and from the fact that the early
rulers, and later kings, would have been descended from their
number (79). Today, as in the time of the great kings, the govigama
caste is undoubtedly the most numerous. Although caste distinctions
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are not officially of any importance and are largely ignored in the
urban areas, they are still adhered to in many ways in the rural
areas (80). Villages often consist of people of the same caste
and marriage into a lower caste is generally disapproved of, parti¬
cularly by the older generation. However, the practice of agri¬
culture is not restricted to the govigama caste. Land is also cul¬
tivated by the other castes who now often perform their specific
duties or functions only occasionally.

As already pointed out, the majority of the population in Sri
Lanka lives in the Wet Zone, where most of the cultivated land,

particularly the estates, is located. The density of population in
this part of the island is high (see Table 3.4) and there is little
agricultural land which has not already been brought into use. The
growth in the population of this area has occurred mainly during the
last 150 years and there are very few settlements or villages which
date back more than 600 years.

In contrast, the villages of the Dry Zone have a long history
stretching back over 2,000 years, and although this part of the
island has been sparsely populated ever since the fall of the king¬
dom at Polonnaruwa early in the thirteenth century, there remain
many similarities between the villages of today and the villages
of over a thousand years ago. It has been recognised for some time
now that any further agricultural development in Sri Lanka must
take place in the Dry Zone; indeed it is in the heart of the Raja
Rata that most of the lands to be irrigated under the Mahaweli
Scheme are located. Many of the villages in this area will dis¬
appear when the new lands are colonised, and the traditional village
life will be forgotten. It is principally due to their isolation
that most of these villages have retained a distinct character and
independence. They are all largely self-sufficient and there is a

remarkable similarity between most of them. In the Wet Zone, where
the distance between neighbouring settlements is much smaller, and
many villages have merged to form towns, there is much more economic
interdependence between different communities and the variety of
occupations is greater. It is difficult, therefore, to identify a
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typical Wet Zone village.

Most of the villages in the Dry Zone follow the same pattern
of land use and exhibit the same fundamental social structure as

the ancient villages of the Raja Rata. They are generally known
as purana villages, the Sinhalese word "purana" meaning "traditional"
or "of old" as in Sanskrit. Some of the purana villages may be
descended directly from the time of the great kings but most are

probably more recent settlements founded on the sites of abandoned
villages in the last two or three centuries (81).

The centre of a purana village is the irrigationtank, or wewa,

which generally covers an area of at least 10 ha, and which often
bears the same name as the village. The bund of the tank is usually
a low mud embankment, perhaps 4 m high, which is built across the
valley of a shallow river basin. There are many such minor basins
in the Dry Zone, the distance from crest to floor of each valley
rarely exceeding 1.5 km and the slope usually being about 3 or 4
per cent (82). Such land is ideal for the construction of irrigation
tanks, and it is not uncommon to find several irrigation tanks con¬

structed one below the other in the same valley, the seepage and
unused irrigation water from one tank running into the one below.

The village huts are usually located on high ground close to
the tank bund, an area known traditionally as the gangoda. Because
of its proximity to the tank this land has a relatively constant
level of ground water throughout the year and the village well, which
supplies water for drinking and domestic use, is usually located here.
The crops grown on the gangoda are mainly perennial tree crops such
as lime, papaw and mango, which are susceptible to drought. Coconut
palms which are now a common sight in almost every Dry Zone village,
were apparently only introduced as crops on the gangoda about a
hundred years ago (83). In addition to these communally grown crops,

the produce from which is generally shared between the villagers,
small home gardens grown around each hut are now a common feature in
most purana villages.
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Agriculturally, the most important land in the village is the low-
lying irrigable land below the tank, the wel-yaya as it is called in
Sinhalese, on which rice paddy is grown. This land is divided into
strips running parallel to the tank bund across the floor of the valley,
which are shared between the villagers. The land is irrigated with
water from the tank, and although there is usually only enough water
for one crop of rice each year, during the Maha season, some of the
land closest to the tank is occasionally cultivated during the Yala
season as well.

In addition to this paddy land, each farmer also grows a number
of crops under a system of chena cultivation on the unirrigable high
land surrounding the tank and paddy fields. The lower slopes of this
high land, nearest the tank, are often water-logged during the Maha
season and are generally cultivated with upland rice. The upper slopes,
which are drier, are cultivated during the Maha season with a variety
of crops such as kurakkan (Eleusine coracana), maize, chillies (Capsicum
fvutesoens) and cowpea (Vigna spp.), and during the Yala season mainly
with gingelly (Sesamum indicium). Traditionally, the lower chena lands
are known as the wi-hena ("wi" meaning paddy) and the upper chena lands
as the goda-hena, "hena" being the Sinhalese word from which "chena"
was derived. Most chenas are cultivated for one or possibly two years

and are then abandoned for 5 to 15 years depending on the extent of
highland jungle available in the vicinity of the village.

Studies carried out at the agricultural research station in
Maha Illuppalama near Anuraanapura have suggested that this simple
three-fold division of the village lands into gangoda, wel-yaya and
chena, is closely related to a system of land classification based
on soil type and ground water level (84). Rice is grown in the low-
humic gley soils on the valley floor below and around the tank, where
the water level is high during much of the year; drought-susceptible
tree crops are grown on the well-drained high land near the tank
bund, where the water level is relatively constant throughout the

year; and dry chena crops are grown in the moderately-drained brown
soils and well-drained reddish-brown soils found on the surrounding
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land higher up the sides of the valley, where the ground water level
is low throughout most of the year. It appears that with the relat¬
ively simple agricultural technologies available in the past, this
pattern of land use was ideally suited to the soils of the Raja Rata

(85). These soils are mainly reddish brown earths and their drain¬
age associates; they cover a larger part of the island than any

other soil group and are found not only in the northern Dry Zone
districts of Anuradhapura, Polonnaruwa, Vavuniya and Trincomalee,
but also in the south-eastern part of the Dry Zone, particularly
in the Hambantota and Moneragala districts (86). When dry, or

even when too wet, they are almost impossible to cultivate by hand
or with draught animals. Unless irrigation facilities are available
there is usually only a short period during the cultivation season

when the moisture content of these soils is suitable for tillage.
Furthermore, the relatively high chemical fertility of the reddish
brown earths contributes to a very rapid weed growth which could
not have been controlled with traditional agricultural tools. In
the absence of irrigation, chena cultivation was the only form of
agriculture possible on this soil (87). However, irrigated with
water from the tank, the low-humic gley soils which form the lower
part of the drainage catena associated with the reddish brown earths,
are ideally suited to the cultivation of rice (88). Indeed they are

the most productive rice-growing soils in the island (89).

Based on this three-fold system of land use, the Dry Zone
villages of the past preserved a remarkable stability in the face of
unreliable monsoon rains which sometimes varied considerably from year

to year. In dry years, unless the village tank were supplied with
water from a larger tank elsewhere, there might be insufficient
water to allow the cultivation of even one crop of rice. However,
the yield of chena crops would usually be good in such years and
kurakkan and other grains would replace much of the rice in the vill¬
agers' diet. In wet years the reverse would be true (90).

Socially, as well as agriculturally, the traditional tank vill¬
age was a well-defined unit in which cooperation between the vill¬
agers in various agricultural and domestic tasks was essential for
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survival. Physically, the boundary between the villages in neigh¬
bouring valleys was the watershed, and between villages in the
same valley, the end of the paddy fields belonging to the upper

village. Thus the lands belonging to each village consisted of the
tank and its immediate catchment area, the paddy fields, and any

forest lands which drained into the paddy fields (91). In this way,

each village had control over all the lands vital for its existence.

Unfortunately, under the Waste Lands Ordinance of 1879 (92), most
of the forest lands in which the villagers practised chena culti¬
vation became Crown property (93). Although the British admini¬
stration eventually agreed to allow this practice to continue in
certain areas» the former unity of the village was broken and the
security of the chena lands as a source of food during years of
drought was lost.

Even today, agricultural land in small holdings throughout the
island is still divided into essentially the same three categories
as in the purana villages: home garden, asweddumised paddy land and
highland (94). Although the description "purana" is not usually
applied to villages outside the Raja Rata, there are many villages
in the northern, eastern and southern parts of the Dry Zone which
follow the same pattern of land use. The reddish brown earths to
which this land use system is ideally suited cover about half the
island and most of the Dry Zone. The only major type of agricultural
settlement outside the Wet Zone which differs significantly from the
purana village in terms of land use is to be found in the latosol
soil regions to the north of the island (95). The construction of
irrigation tanks is not possible here because of the high porosity
of the soil,and water has to be obtained from underground (96).
In the Jaffna peninsula the calcic red-yellow latosols are very

heavily cultivated, with water being drawn from deep wells, and fert¬
ilizer and organic manutre being applied in large quantities.

Many of the purana villages in the Dry Zone still exist at a
subsistence or near subsistence level. Most of the rice paddy
produced is consumed within the village and domestic consumer goods
obtained through the sale of crops at harvest time often have to be
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sold again before the next harvest in order to buy food. Cultivation
is carried out by hand and with the aid of buffaloes and cattle kept
in small numbers in the village. For domestic fuel the villagers
rely mostly on firewood cut from the surrounding jungle. Small quan¬

tities of kerosene are bought for lighting but otherwise there is
virtually no use of fuels outside the village. By 1980, a little
over 2,000 of the villages in Sri Lanka had been electrified (97)
but most of these would have been in peri-urban areas. Even where
electricity is available it has been estimated that, on average, about
40 per cent of the houses are not connected because they do not meet
the required standards (98). Although at present about 250 to 300
villages, or 10,000 households, are electrified each year, the number
of households in the rural areas is increasing more than three times
as rapidly due to population growth (97).

Since the latter part of the nineteenth century various attempts
have been made to develop the rural areas, particularly through the
creation of large irrigation schemes, but these have met with mixed
success and have sometimes been a grave disappointment (99). In parti¬
cular, the Gal Oya Scheme, so highly acclaimed in the early years of
Sri Lanka's independence, failed to attain anything like the expected
levels of agricultural production, and many of the colonists are now

practising what is little more than subsistence farming (100). The
Mahaweli Irrigation Scheme shows more promise but it remains to be
seen whether the lessons learnt at Gal Oya will be put to good effect.
The creation of small-scale industries in the rural areas was attempted
through the Divisional Development Councils set up in 1971, but the
initial success of this scheme was short-lived and by 1978 few of the

projects initiated were still in operation. The reasons for such
failures are discussed by de Wilde (101). More successful attempts
at rural development have been made by the Sarvodaya Shramadana Move¬
ment based at Moratuwa, near Colombo. The existence of a strong
Buddhist ideology closely related to the beliefs and traditional values
of the villagers, and the absence of any form of nepotism or political
interference from outside, appear to have been of major importance here.
The concept of the shramadana, whereby villagers are encouraged to
work together on projects of communal benfit, such as the building of
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a school or road, is closely related to the type of agricultural
cooperation which has been essential to the existence of the purana

villages. Recently, as the success of these organised communal

projects has become apparent, the Buddhist element in the philosophy
of the movement has become less important, and a number of shrama-
danas has been organised in the Tamil areas.
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CHAPTER 4 DESCRIPTION OF VILLAGE AND ASSOCIATED ENERGY FLOW DIAGRAM

4.1 General background

The village of Nikinigama*, which is the subject of the present

study, is situated in the Anuradhapura district within 25 km of the
district capital. There are many other similar villages in the
district and most of them, like Nikinigama, follow the traditional
pattern of land use of the purana village. The district population
in 1978 was slightly under half a million; more than 90 per cent
of this population lived in the villages (1), which probably number
just over a thousand (2). Anuradhapura, which has a population of
about 36,000 (3), lies approximately 170 km NNE of the island
capital Colombo; it is also on the main railway line from Colombo
to Jaffna in the far north of the island.

Nikinigama actually incorporates three old villages and their
associated irrigation tanks: these are Ihala Nikinigama (ihala meaning
'upper'), Nikinigama and Timbirigama. Ihala Nikinigama is situated
just above Nikinigama, in the same valley, whereas Timbirigama is
located slightly below Nikinigama, only in a neighbouring valley.
The tank at Ihala Nikinigama is small and now rarely fills sufficiently
to allow cultivation of the fields below; although these fields are

still sometimes cultivated there is no longer anyone living in the
old settlement. However, a map of the area produced in 1965 (4)
shows that the path from Nikinigama to the neighbouring village of
Maragaswewa, which now runs in an almost straight line, used to pass

across the end of the tank bund at Ihala Nikinigama. This suggests
that the settlement there may not have been deserted until relatively
recently. The tank at Timbirigama is also small and the fields below
it are only occasionally cultivated, but there are still several
families living just below the tank bund. The largest and most
reliable tank is that belonging to the old settlement of Nikinigama,
where most of the population now lives. Although the villagers still
often refer to Nikinigama and Timbirigama as separate villages the
families living in them are closely related and many own or cultivate
land under both tanks. Officially, as in the Food Ration Lists kept
at the District Revenue Office, the villagers are all listed under

* The names of the villages given here are fictitious; the true names
may be obtained from the writer.
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Nikinigama and in the present study, unless stated otherwise, this
name will be used to refer to the combined settlement.

At the beginning of 1978, when most of the data in the present

study were collected, there were 35 households in the village; their
approximate locations are shown in Figure 4.1. According to the
president of the Village Cultivation Committee, himself one of the

villagers, the population of Nikinigama at that time was 203, of
whom 47 lived in the nine households below the Timbirigama tank. In
1976, there were apparently only 175 people living in the village,
which implies an annual growth rate of almost 8%. Fifty years before
there were only six families and a total of 25 people in the village.
This is equivalent to an average population growth of over 4% per

year, compared to only 2.1% during the same period for the whole
island (5). Much of the increase is due to migration from the more

densely populated areas of Sri Lanka. This is reflected in the very

rapid growth of population in the Anuradhapura district as a whole:
39 persons/km2 in 1963 (6) compared to 82 persons/km2 in 1981 (7),
equivalent to an average annual rate of growth of over 4%. The
restoration of several of the ancient irrigation works and the creation
of numerous colonisation schemes (8) are largely responsible for this
increase. More recently, colonisation has started under part of the
Mahaweli Scheme. The land being irrigated under this scheme stretches
to within a fairly short distance of the village and its colonisation
over the next few years is likely to have a significant effect on the
life of the village.

Nikinigama is supposedly about 300 years old, although it is
quite likely, as with other villages in the Anuradhapura district, that
it is located on the site of one of the ancient villages of the Raja
Rata. All of the villagers are Sinhalese and most are practising
Buddhists. Although there is no temple or Buddhist shrine in the
village there is a small banasalccua, an open hall for the preaching of
the Buddhist doctrine, in which a visiting priest sometimes stays. The
majority of the villagers belong to the vada or washerman caste, which
is a subdivision of the kshoodra wanse, the lowest of the four major
castes described by Davy (9). However, only two of the villagers
continue to perform their traditional function as the launderers of



Figure 4.1 Hap of Nikinigama
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ceremonial robes and cloths. The principal occupation is farming.
The population in the neighbouring villages belongs mainly to the
higher govigama or farmer caste, and as there are few other villages
of the rada caste in the vicinity most of the people in Nikinigama
have married within the village. Consequently the majority of the
families are very closely related. This has resulted in a strong
sense of unity within the village but at the same time there is
occasionally some jealousy between close relations, particularly
brothers and sisters.

In common with the rest of Sri Lanka, the population of
Nikinigama is relatively young. However, it was difficult to find
the exact ages of most of the villagers since they do not celebrate
birthdays and in many cases do not have any record of their year of
birth. The ages quoted were often in disagreement with the dates of
birth recorded in the Food Ration Lists kept at the District Revenue
Office. It was only by careful questioning that the correct ages

could be determined with reasonable accuracy. The approximate age

and sex distribution of the village population, based on the estimated
ages of 152 of the villagers is given in Table 4.1. (For full details see

Appendix 4.) Comparison with the overall distribution for Sri Lanka,

given in Table 3.5, shows that the ratio of males to females in the

village is relatively high. The number of children below the age of 10
in the village is comparatively low but the number between 10 and 19
years of age is high, accounting for almost a third of the sampled
population, compared to less than a quarter over the whole island.
The dependency ratio (as defined in Chapter 3) is only 65%, which is
very low. Practically all of the agricultural work in the village is
done by male adults between the ages of 15 and 59, who account for
30 per cent of the total population. There are, therefore, about
60 farmers in the village or about 1.7 per household.

The nearest neighbouring village to Nikinigama is Korapotana,
which is situated at the foot of the valley around which Nikinigama
is centred, near the point where it joins several other small valleys.
The Korapotana Wewa is accordingly larger than most of the village
tanks in the area, probably about ten times the volume of the Pahala
Wewa at Nikinigama. The area of paddy land below the tank
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Table 4.1 Estimated age and sex distribution of village population,
February 1978

Age
Number of

males
Number of
females

Total
number

Mai es Females Total

group Per cent of total sampled
population +in sampled population ■k

0-9 16 16 32 11 11 21

10-14 16 9 25 11 6 16

15-19 11 12 23 7 8 15

20-39 21 21 42 14 14 28

40-59 14 10 24 9 7 16

60-64 3 0 3 2 0 2

65+ 1 2 3 1 1 2

Total 82 70 152 54 46 100

0-14 32 25 57 21 16 38

15-59 46 43 89 30 28 59

15-64 49 43 92 32 28 61

15+ 50 45 95 33 30 63

* 25 households out of total of 35 in village. For individual ages
within each household see Appendix 4.

+ Percentages may not add up correctly due to rounding errors.
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is correspondingly large, as is the village population. The road to

Korapotana is narrow and unsurfaced but it is adequate for a bullock
cart or even a small car; the distance between the two villages is
in any case only about 2 km.

Other nearby villages are Maragaswewa (3.5 km), Serukadawela
(4 km) and Virakulama (4.5 km), all of which are larger than
Nikinigama. They may be reached by small mud paths through the
jungle, which are suitable for travel by foot or by bicycle but
which are often virtually impassable by bullock cart during the wet
months. The nearest market is at Anderegoda, which is beyond
Maragaswewa, about 7 km from the village along the jungle path, and
to which there is a bus once every two or three hours from Korapotana.
The weekly pola or open market which is held at Anderegoda attracts
farmers from all the surrounding villages. There are also about 40
shops located round the centre of the village; these range from
the small kaddy, selling tea, soft drinks and confectionery, to two
large stores selling almost everything from spices to insecticide
sprays. The villagers in Nikinigama sell much of their surplus
agricultural produce to these stores, although rice paddy is sometimes
sold to the Paddy Marketing Board (PMB) through the government
co-operative. The villagers also come to Anderegoda to visit the
dispensary, to obtain or send mail at the Post Office, or to take a

bus to Anuradhapura. Most of them either own or can borrow a bicycle
to make the journey from Nikinigama, and a few own a bullock cart
which can be used to carry several people or to transport heavy loads.
It is not uncommon, however, for a man to walk the 14 km return journey.
The women will generally take the bus or, as is the practice throughout
Sri Lanka, sit on the crossbar of a bicycle ridden by one of the men.

For essential provisions such as coconut oil or kerosene the
villagers can go to a small shop run by one of the farmers in
Nikinigama itself. However, the prices here are high and most prefer
to go either to a larger shop in Korapotana or else to Anderegoda.
The nearest paddy mill is at Korapotana but several of the villagers
will not go there because of some long-standing disagreement and prefer
to travel the extra distance to the mills at Virakulama, Palukulama

(near Serukadawela) or Anderegoda. The villagers rarely go to
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Anuradhapura except for some major purchase such as a bicycle or

a gun, and very few have ever been to Colombo even once in their
1ives.

4.2 Agr-icu I ture

As in all purana villages there are essentially three types
of agriculture practised in Nikinigama: paddy cultivation in the

irrigated fields below the three tanks, chena cultivation in the
bush surrounding the village and garden cultivation in the area around
the village huts. The paddy fields are the most sought after land
in the village, firstly because rice is the staple food, and secondly
because higher yields are possible under irrigation in the paddy
fields than without irrigation in the chena lands. Most of the
families own at least some paddy land under one of the three tanks
but there are several who own none at all, either in Nikinigama or

elsewhere. Some of the farmers cultivate rented land under the

traditional tenancy system known as ande, whereby the costs of
cultivation and the crop are shared between owner and tenant on a

pre-arranged basis. Few of the farmers own more than 2 ha of paddy
land, while the average is between 0.5 and 1.0 ha. The extent actually
cultivated in any one year depends on how much water is stored in the

irrigation tanks. In general there is sufficient water to cultivate
only about a third of the total area during the Maha season and less
than one tenth during the Yala season. However, the rainfall during
the 1977-78 Maha season was above average and there was enough water
to cultivate practically all of the paddy land.

Chena cultivation is a necessary complement to paddy cultivation
in the village. Without it, most of the villagers would not be
able to produce enough food to survive. Families which own little or

no paddy land will operate large chenas whereas families owning
relatively large areas of paddy land will neither need, nor be able
to operate, anything more than'a small chena unless the rainfall is
low and the irrigation tanks do not fill sufficiently. None of the
farmers, save perhaps on occasion one or two, employs any labour
from outside the village and, although there is some exchange of labour
between families in the village during periods of peak agricultural
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activity, there is obviously a limit to the total area of land
which a farmer and his family can operate. Because the labour

requirements for paddy and chena cultivation are different, both
in distribution throughout the year and also in total over the whole
period of cultivation, it is difficult to determine this limit; but
with agricultural practices as they are at present in the village
it is unlikely that an average family of six would be able to
cultivate more than 3 ha in total.

Unlike the paddy land, the chena lands around the village are not
owned by the villagers but are an encroachment on Crown Land„ However,
this is common throughout the island, particularly in the lesser
populated areas of the Dry Zone, and the authorities generally ignore
it. Nearly all of the families in the village have at least one chena;
if there are grown up sons in the family there may be two or three.
The total area cultivated per family is normally between 0.5 and 3 ha
with an average of a little over 1 ha.

The crops grown vary. In the Maha season, families without much
paddy land will usually plant a sizeable area with rice. Other
major crops are kurakkan and maize, which are grown mainly for home
consumption, and chillies, which are grown mainly for sale. Pulses
and vegetables are also cultivated to a small extent and are consumed
mainly at home. During most of the year, however, fresh vegetables
have to be bought outside the village, usually at the weekly pola
held in Anderegoda. In the Yala season, the area of chena land
cultivated is less and practically all of it is planted with gingelly
(sesame), which is mostly sold.

The third type of agriculture typical of a purana village is the
cultivation of various perennial tree crops on the gangoda, the area

of high land beside the tank bund where the village huts are clustered.
The gangoda in Nikinigama is located just below the bund of the Pahala
Wewa at the site of the original settlement. Six families still live
here and the area is densely planted with coconut palms which form a

canopy over the huts. Many of the palms are very old, and most
produce only a few small nuts a year, but these are still shared
between the older families which made up the original settlement.
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Most of the villagers in Nikinigama now live outside the gangoda and
have their own private gardens. These are usually small, maybe 0.05
or 0.1 ha, sometimes even less; they are planted mainly with fruit
trees, such as coconut, pawpaw, mango, lime and jak (Artoaarpus
itegvifolia), and also with manioc and various types of plantain.
These crops are usually afforded little attention and they are not

economically important, although they may add variety to an otherwise
rather monotonous diet.

The two forms of high land agriculture practised in the village,
chena cultivation and garden cultivation, are in most cases quite
distinct. Chenas are relatively large in extent, are located some

distance from the farmer's home (0.5 to 2.5 km) and are cultivated
only intermittently, maybe once every 10 years„ Gardens are small,
are located immediately beside the house and are kept continuously
under crops. However, there is growing evidence of an intermediate
form of cultivation - what may be described as a small chena,
generally between 0.1 and 0.5 ha, situated within a few metres of
the farmer's home and cultivated with what are usually chena crops

once every five years or less„ This change from a shifting to a more

settled form of agriculture has been made possible by the application
of fertilizers and other agricultural chemicals, the use of improved
high-yielding crop varieties and, in one case, the introduction of
artificial irrigation. A new cash crop which has been introduced
recently under this semi-settled system of land use in the village is
tobacco. The capital outlay for the cultivation and drying of this
crop is high, but so, potentially, is the return.

Finally, apart from the paddy fields below the three tanks in
the village, there is also a small area of asweddumised paddy land
at the side of the Pahala Wewa and behind the Timbirigama Wewa, in
what is normally called the tank bed. Tank bed cultivation is common

in several parts of the Dry Zone but it is an unreliable way of growing
rice since the land may either be completely submerged during periods
of heavy rainfall or else left totally dry during periods of drought.
In the village this land does not appear to be cultivated very often
and since the total area involved is only 1 ha it is not particularly
important.
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For draught power, which is required in ploughing and levelling
the paddy fields and threshing the paddy, the villagers rely
almost entirely on the water buffaloes kept by a few of the families.
One of the villagers owned a small Japanese two-wheel tractor but
he never permitted any of the other villagers to use it. Most of the
buffaloes are allowed to feed freely during the day and are penned
up only at night. They are not given any special feed and survive
almost entirely on the wild vegetation growing beside the tank and
in the surrounding jungle.

4.3 Housing conditions

The traditional village house in Sri Lanka has an earth or clay
floor, timber and mud walls (of a wattle and daub construction) and
a thatched roof made with plaited coconut leaves, called cadjans, and
sometimes straw. Practically all of the houses in Nikinigama are of
this design. Only one of the villagers, P. Samarapuliya, who was the
owner of the two-wheel tractor, lived in a brick and tile house; this
had apparently been built in 1962 with money obtained through the
sale of some of his father's lands in a nearby village. The traditional
house is neither expensive nor difficult to build, but the walls have
to be patched up periodically and the roof has to be replaced every few
years. A few other structures are sometimes erected outside the
house. Traditionally, for example, the household store of grain is
kept in a container called a bissa, which consists of a large bowl-
shaped wattle framework erected on stilts, with sacking on the inside
and a roof made of cadjan and straw. The stilts are made of a type
of wood which is supposedly resistant to termite attack. The grain is
removed from the bissa by placing a ladder against the side and lifting
off the loose conical roof. This type of store is still widely used
in the village, particularly for kurakkan. Rice is generally stored
inside the house, possibly because of the greater risk of theft from
the bissao

With 35 households and a population of 203, the average household
size in Nikinigama is 5.8. This compares with a national average of
about 5.6 (9). In the village, as elsewhere, members of a family do
not always live in the same household. For example, one of the
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daughters in a family might live for several years with the
grandparents to help with cooking and other domestic tasks. As
most of the families in the village are closely related it was

sometimes difficult to determined who lived where. In addition,
movements of people between households sometimes occurred during
the main periods of agricultural activity, especially where a farmer
had opened a chena, or was cultivating paddy fields, which were

much nearer to the house of a close relative than to his own home.

These movements did not, of course, affect the average household
size but for the purpose of measuring firewood or food consumption
it was important to know exactly how many people were living in a

particular household at the time of measurement. The size of a house
would depend more on the number of permanent residents. The
composition and size of 25 of the households in the village is given
in Appendix 4.

Nearly all of the houses in the village have at least two rooms,

of which one is normally used as a store room, often without any

windows, and the other as a general living room, for eating, resting
and sleeping, and also for various domestic activities such as

drying parboiled rice, separating and cleaning the milled rice,
grinding kurakkan or maize and weaving mats from reeds. Cooking is
usually done in a separate extension to the house which is most

commonly open at one side to permit ease of access and to allow smoke
to escape. However, some of the houses in the village did not appear

to have any covered cooking place. Most of the houses have some form
of verandah, or istoppuwe, part of which is raised into a mud sitting
platform called a pila (10). This is where the villager will entertain
his guests and where the male members of the family will sit after a

meal, talking and chewing betel. At night, the mother and younger

children sleep on mats in the living room, or, in the case of some

of the smaller houses, at the back, in what may be used as a storeroom.

Traditionally, the father, and sometimes other older male members of
the family, will sleep on the verandah (11), although this is not so
common in the village now.

No two houses in the village are the same; the number of rooms
and their shape and size will vary according to requirements, in terms
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of the composition of the household, and also according to individual
preference. Wattle and daub houses can, with occasional patching
up of the walls and periodic replacement of the roof, last for a

long time, sometimes as much as 50 years or more. When more space

is required, as when the family grows larger, instead of a new house
being built, the original house is often extended. This can lead to
considerable variations in design between different houses. The
plans of three of the houses in Nikinigama are shown in Figure 4.2
and details of their size and the families living in them are

compared in Table 4.2. In total there are 13 rooms in the three
houses (including verandahs and kitchens), which gives an average of
4 to 5 rooms per house or about 1.5 rooms per person. According to
the results of a nationwide survey of over 5,000 households carried
out by Central Bank in 1973, the average number of persons per room

in the rural areas was 1.72 (12). However, open verandahs were not
included as rooms in the survey and nor probably were open kitchens.

4.4 Domestic life

Most of the domestic work is done by the women, while the men

generally do most of the agricultural work. There is some sharing.
The men sometimes help with preparing and cooking the food,
particularly if there are no daughters to help, and the women often
assist with certain agricultural tasks such as transplanting paddy.
Domestic work can be just as arduous as agricultural work and many

of the tasks which in a more developed society would be carried out

by specialist tradesmen or with the aid of various labour-saving
devices have to be carried out manually at home. For example, much
of the rice paddy consumed in the village is still pounded by hand
with a mortar and pestle. Even if it is taken to the paddy mill it
still has to be winnowed afterwards to separate the unhushed and
broken grains and any chaff not removed at the mill. Most of the
rice in the village is parboiled in order to render the grains less
liable to shattering during the milling process and thereby to
improve the milling return. This operation takes some time as the
parboiled paddy has to be completely dried (away from direct sunlight)
before it can be milled. Other grains also require processing before
they can be cooked and eaten; kurakkan has to be ground down to a
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Figure 4.2 Plans of selected village houses

(Approximate representations based on measurements made in village.)

Key: »■ Full mud walls, extending to roof.
Half mud walls, extending half way to roof

(as in verandahs).
(Average thickness of 20 cm assumed for all mud walls.)

Cadjan wall.

7////// Mud platform floor raised approximately 30 to 40 cm
Yj above ground.

Extent of roof overhang. (Average overhang of 70 cm
assumed.)

Abbreviations: L - living room; S - store room;

B - bedroom; V - verandah;

K - kitchen or covered cooking area.

(Hyphenated abbreviations indicate dual function of room; for example,
B-S implies room used as store room and bedroom.)



169

Table 4.2 Size of house for selected households in village

(See Figure 4.2)

House A B C

Name of householder Kiriya Si 1 va Lapaya

Age and relation* of household
members: HH 51 HH 27 HH 29

W 50 W 22 U 26

D 29 D 5 D 2

S 22 Fi L47 D < 1

S 20 MiL40

D 16

S 13

S 11

S 7

Total number of persons 9 5 4

Number of rooms ^ 6 5 2

Number of persons per room 1.5 1 2

Estimated floor area (m2) 70 45 20

Floor area per person (m2) 8 9 5

Total area covered by roof (m2) 115 80 40

Total area per person (m2) 13 16 10

* HH - householder

W - wife

S - son

D - daughter
FiL - father-in-law

MiL - mother-in-law

^ Including verandah (open or closed) and kitchen or covered cooking
area.
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fine flour before it can be used to make a kurakkan roti or pancake.
Coconut kernel, which forms an important part of the village diet,
has to be scraped from the shell, and to make coconut milk (pol kiri),
which is used in almost every curry, the kernel must then be squeezed
in water to extract the oil.

All cooking in the village is done with firewood which is obtained
from the chenas and which is often brought back by the men after they
have finished their work. Some of the villagers will collect a large
quantity at a time and transport it by bullock cart, but it is more

often carried in small loads on the head or on the back of a bicycle.
Firewood is also used for parboiling paddy, and sometimes for boiling
clothes and heating water for bathing.

Water for domestic purposes is obtained from one of several wells
dug around the village. Two of these are permanent communal wells,
one at the site of the original settlement in Nikinigama, and the other
about 250 m away on the road to Korapotana. Four families, which lived
too far away for water to be carried from these wells, had dug their
own private wells. There being no communal well at Timbirigama, five
of the families there had to carry water from the tank. The water was

usually transported from the well or tank in metal or earthenware
pitchers, which had an average capacity of about 10 litres, and which
were generally carried two at a time. An average family of six would
require about 7 or 8 pitchers a day for drinking, cooking, washing
dishes, washing the body and hands after defaecating, and sometimes
bathing. Almost all the families were within 200 m of a well or tank
and most within 100 m; the transport of domestic water was not
therefore a major activity.

None of the families boiled their drinking water as it was considered
that the wells were quite safe. If any washing was done at the well
care was taken not to allow any soap or soapy water to fall in. During
his entire stay in the village the writer always drank unboiled well
water and never suffered any ill effects. Even those families who
drew their water from the tank did not find it necessary to boil the
water before drinking.
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All of the villagers bathe at least once a day, usually in
the tank. Most clothes are also washed at the tank, generally by
the women, although the men very often wash their own sarong when
they are bathing. The clothes are washed by beating them against
a stone; although soap is also used, the water in both the tank
and the well is very hard, and it is often difficult to remove the
dirt. The children in the village spend much of the day playing in
the water. Although most of the Pahala Wewa is thickly covered
with water lilies and lotus plants a sufficiently large area has
been cleared to make swimming possible during most of the year.

Between July and September, however, the water is usually less than
1 m deep.

Lighting in the village is provided mainly by kerosene lamps,
many of which consist simply of a wick stuck in a tin or bottle
without any glass cover. Hurricane lamps and table lamps, which have
adjustable wicks and glass funnels, are also used and a few of the
villagers own a Petromax pressure lantern which gives a much more

powerful light. However, the poorer families in the village are

often scarcely able to afford the kerosene for even one or two
small lamps. Virtually every family has at least one torch and this
is sometimes used instead of a kerosene lamp, particularly when the
chenas are being guarded at night. It is not uncommon,though,for a

villager to have a torch but to be unable to afford the batteries to

power it.

Only two or three families in Nikinigama have a toilet. Most
of the villagers use the surrounding bush and as the population density
is low the risk to health resulting from this practice is small. Care
is taken to keep the area round each house clean and it is usually
swept every day. The floors inside the houses are also surprisingly
clean and the kitchen or cooking area is often cleared after every

meal to discourage flies from settling. Most of the villagers take
a pride in keeping their houses tidy.

4.5 Income and wealth

For practically all of the villagers, the only source of money

income is the sale of agricultural produce. One of the villagers,
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Navaratne, had a job as a school teacher in a village about 20 km

away to which he cycled from Nikinigama six days a week. Two or

three of the villagers earned small amounts of money by washing
ceremonial cloths, their traditional occupation as members of the
rada caste. There was also the owner of the small shop in the
village, Dingiriya, who made a small profit from the sale of kerosene,
coconuts, confectionery and other items. Even these families, however,

produced most of their own food and also sold some of their surplus
agricultural produce.

None of the farmers kept any records of purchases or sales. After
a crop had been harvested, some of it was sold almost immediately, and
the rest was stored in the house until required either for home
consumption or to make some purchase. The farmers did not keep much
cash and few, if any, owned a bank account. Wealth was stored in the
form of agricultural produce and consumer durables such as bicycles,
sewing machines and radios. It was not uncommon for a farmer to
sell a substantial proportion of his crop shortly after it had been
harvested in order to buy various consumer durables, but to have to
sell or mortgage these items at a later date when money was required
for more essential purchases.

In the circumstances, it is difficult to determine either the

money income or the income in kind of the farmers in Nikinigama.
However, there is no doubt that several of the families live close
to a true subsistence minimum. Possibly as much as 70 or 80 per cent
of their total income, in money and in kind, may be spent on food,
and they will have few consumer durables other than a little furniture,
some cooking utensils and perhaps one or two pieces of cheap jewellery.
A survey of consumer durables and other indications of wealth was

carried out in ten of the village households and the results are

shown in Table 4.3. (The individual results for each household are

given in Appendix 5.) One of the first items bought in practically
every household is a torch. After this, surplus produce will usually
be sold to buy a radio and then a bicycle, although in some households
a bicycle is not considered to be so necessary. Other less important
or more expensive items, such as a petromax lantern, a gun or a sewing
machine, will generally be bought later. Only the richer households



Table 4.3 Consumer durables and other indications of wealth

in Nikinigama: a survey of 10 households,
March/April 1978

Consumer durables

Number of Total
households Number
reporting reported

Largest
number per
household

Torch 9 14

Radio 7 7

Bicycle 6 6

Petromax lantern 5 5

Cart 4 4 *

Sewing machine 2 2

Gun 2 2 t

Wall clock 0 0

Livestock

Buffaloes 3 36 15

Oxen 1 5 5

Garden trees

Mango 8 47 30

Papaw 7 32 7

Lime 7 18 11

Coconut 5 48 35

Jak 4 15 10

Orange 1 2 2

Other

Rice polished mainly at mill? 7

* Includes one tractor trailer

+ Excludes one old gun not working

Source: condensed from Appendix 5.
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in the village own any cattle, although most of them are of little
benefit to the farmers. Usually only two or three of the buffaloes
can plough, and the buffalo cows often yield scarcely enough milk
to feed the calves, let alone provide any extra for human consumption.
A bullock, which can be used to draw a cart, is a more prized
possession, and is usually guarded throughout the day and tethered
close to the house during the night. Nevertheless, two fanners in
the village, Kiriya and Weerasekera, both reported having had their
one and only bullock stolen within the last six months. Apart from
consumer durables and cattle, the richer households also tend to have
more fruit trees in their gardens than the poorer households. It is
also noticeable that the poorest households in Nikinigama usually
pound all their rice paddy at home as they cannot afford even the
Rs 2 that it costs to have a bushel (21 kg) milled at one of the local
huller mills.

The total volume of agricultural produce obtained from paddy, chena
and garden cultivation will vary from household to household, and from
year to year. However, it is estimated that in 1978 a typical house¬
hold of six in the village would be capable of producing crops with
a total market value, measured on the basis of the average prices
obtained in the Anuradhapura district, of about Rs 5,000 (see Appendix 5).
In addition to their own produce, practically all of the villagers in
Nikinigama collect a free rice ration from the government co-operative
in Anderegoda. Up until February 1977, everyone in the island was

entitled to this ration, which amounted to 2 lb (0.91 kg) or 1 level
measure of milled rice per person per week. From that time on,

however, the ration was restricted to the lower income groups, and only
in those households with a total net income of less than Rs 3,600

per year were all household members eligible (13). Farmers' incomes
are notoriously difficult to assess and there is no doubt that many

farmers, whose incomes are clearly above the limit, still claim the
full ration for their families. In Nikinigama, however, the net
incomes of most households will be below the limit. As the market

price of milled rice in the Anuradhapura district was about Rs 3 per

level measure in 1978 (14), the rice ration for a household of six
would be equivalent to an income in kind of almost Rs 1,000 per year.

Adding this to the value of the crops produced by a typical village
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household gives a total income of about Rs 6,000.

Clark and Haswell (1970) have suggested, following Buck (1937)
and de Vries (1954), that agricultural production in subsistence
economies should be measured not in terms of money, but in terms of

grain equivalents (15). These are derived according to the prices
of the different crops produced relative to the price of unmilled
wheat. In Sri Lanka, of course, rice would be a more appropriate
grain against which to measure other crops. However, rice cannot be
compared directly with wheat since a much larger proportion of the
rice grain needs to be removed in the milling process than is the
case with wheat. The husk of the rice grain, which is totally
inedible, accounts for about 20 per cent of the total weight, and it
is usually necessary to remove at least another 5 or 10 per cent
before the grain is fit for human consumption. In the case of wheat
and other grains such as maize, millet and sorghum, the minimum weight
which requires to be removed is only about 10 per cent (16). The
available energy in milled wheat and rice is approximately the same,

although wheat has a slightly higher protein content (17). It is
reasonable to assume, therefore, that 1 kg of unmilled rice is equivalent
to about 0.8 kg of unmilled wheat. The system of weights proposed by
Clark and Haswell for comparing agricultural production in different
parts of the world (18) gives the same equivalence, although the
relative prices of the two grains vary considerably from one country
to another (19). In practice both wheat and rice are usually milled
beyond the minimum level and the weight given for milled or "clean"
rice relative to unmilled wheat is 1.19.

In 1978, the average price obtained by farmers for a bushel (bu)
of paddy in the Anuradhapura District was Rs 38 (20). On this basis,
an income of Rs 6,000 would be equivalent to about 160 bushels of
paddy, or since 1 bushel weighs an average of 21 kg (see Appendix 7),
about 3.4 t. The grain equivalent measure would be 80 per cent of
this, or about 2.7 t, giving an average per capita production of
450 kg of grain equivalent per year. Alternatively, since the average

price of milled rice in the Anuradhapura District was about Rs 3.3/kg
(Rs 3 per level measure) in 1978, an income of Rs 6,000 could be taken
as equivalent to about 1.8 t of milled rice. The grain equivalent
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measure would be 19 per cent greater than this weight, or about
2.1 t, giving an average per capita production of 350 kg of grain
equivalent per year. Clearly the grain equivalent measure is only
approximate, and so it is reasonable to assume that the total
quantity of food produced or obtained as a ration by a typical
household of six in the village would be equivalent to about 400 kg
of unmilled wheat per capita per year.

As subsistence economies progress, agricultural production
increases and becomes more varied. Clark and Haswell describe a

classification of the various stages of agricultural progress,

measured in terms of grain equivalents, which was originally developed
by de Vries (21). This is summarised in Table 4.4. The unit of
agricultural production is taken as 1 kg of grain equivalent per

capita per year, and the true subsistence minimum is estimated to be
a little below 300 units. Production beyond this level is initially
used to improve the quality of the diet. Between 350 and 400 units,
an increasing proportion of the agricultural product is sold in order
to satisfy other essential needs such as clothing, housing materials
and medicines. The use of animal rather than human labour is only
estimated to be worthwhile once production exceeds 500 units, and
the feeding of grain and other potential human foods to animals is
possible only when production has reached a level of 750 units. It
is clear from this classification that the keeping of animals to

provide draught power is considered as a competitive form of land use

to crop production. In fact, de Vries has apparently suggested that
land is generally set aside for pasture only when production reaches
a level of 600 units (22).

The situation in Nikinigama is obviously different. Buffaloes
are used to provide draught power but they do not restrict the area of
land used for crop cultivation. The density of population is still
sufficiently low for there to be much surplus land which is not

permanently cultivated, as is testified by the continued practice of
chena cultivation. It appears, therefore, that the type of agriculture
practised in Nikinigama is normally associated with a higher level
of agricultural production than is currently attained in the village.



Table 4.4 Stages of development of subsistence agriculture

Agricultural and Livestock Production

Expressed in grain equivalents, kg/person/year

Under 300 Subsistence hand-tool agriculture or
grazing.

300-500 Subsistence hand-tool agriculture or
grazing with some trade.

500-750 Agriculture with draught animals and
grazing herds.

Over 750 Mixed farming including the feeding of
grains and concentrates to pigs,
poultry and other animals.

Source: Clark and Haswell (1970), p.65, after de Vries (1954).
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The grain equivalent of the food produced or obtained by
individual families in the village may vary considerably from the
mean value and there is also no doubt that during some years, when
the rainfall is low, the average level of production is below 400
units. In the poorer families the per capita gross income may be
equivalent to only 300 units, whilst in the richer families it may

reach 500 or 600 units. The difference is manifested in the diet

of these families. Kurakkan is generally considered, at least in
the Anuradhapura district, as the poor man's substitute for rice.
The richer families will only eat relatively small quantities of the
grain whereas the poor families may eat almost as much kurakkan as

they do rice. In years of drought the whole village may be reduced
to eating mainly kurakkan during much of the year.

Food consumption and income levels in Sri Lanka have been
estimated recently in two major surveys, the 1969-70 Socio-Economic
Survey carried out by the DCS, and the 1973 Consumer Finance Survey
carried out by the CBC. In both of these surveys the income of self-
employed farmers was calculated as the net income, after the costs
of the inputs to agricultural production had been deducted (23).
These costs are difficult to estimate and will vary considerably
between one farmer and another. Besides, it is not clear in either

survey how, for example, the costs of ploughing and threshing would
be calculated in the case of a farmer who owned his own buffaloes or

tractor. In both surveys, the inputed rental value of owner occupied
dwellings is included as a source of income (24), and it would seem
reasonable to treat draught animals or tractors owned by a farmer
in the same way. However, the income so derived might be very

different from the real income in some circumstances.

At the beginning of 1973, when the Consumer Finance Survey was

carried out, the guaranteed price of rice paddy offered at the
government co-operative throughout the island was Rs 18/bu (25). The
guaranteed price in 1978 was Rs 40/bu (26), or 2.2 times as much. On
this basis of comparison, an income of Rs 6,000 in 1978 would be
equivalent to Rs 2,700 at the beginning of 1973. The data on food
consumption in the 1973 Consumer Finance Survey are expressed in
relation to the income of a spending unit over a period of two months.
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In the sampled population of 20,432 in the rural sector of Sri Lanka
there were 3803 spending units (27), giving an average of 5.4 persons

per spending unit. An income of Rs 6,000 for a household of six in
1978 is therefore equivalent to an average income per spending unit
of about Rs 400 per two month period. The net income will be less
than this figure, probably between Rs 200 and Rs 300. Table 4.5 shows
the distribution of the sampled spending units in the rural sector

by income. Incomes of below Rs 200/spending unit/2 months account
for less than 8 per cent of all spending units and less than 4 per

cent of the sampled population. Although some of the villagers in
Nikinigama would undoubtedly belong to this low income group the
average income in the village would probably be equivalent to between
Rs 201 and Rs 400/spending unit/2 months at time of the survey. In
other words, Nikinigama is not the poorest of villages in Sri Lanka
although it is certainly poorer than average.

The data on food consumption in the 1969-70 Socio-Economic
survey are related to the average monthly income per household. As
about 44 per cent of the sampled households in the rural sector were

estimated to have monthly incomes below Rs 200 at the time of the

survey (28), it seems reasonable to suggest that the majority of the
households in Nikinigama would also belong to this income group.

4.6 Construction of energy flow diagram for village

Human needs vary from one society to another and what is regarded
as a necessity in one country may be regarded as a luxury in another.
However, it is generally agreed that there are certain basic needs
which virtually every human society strives to meet before attempting
to satisfy other less important needs. These are water, food, shelter,
clothing, heating and lighting. The extent to which these needs are

satisfied will also vary. Thus in some communities, the water used
for drinking and domestic purposes may not be clean or available in
sufficient quantity throughout the year and the food consumed may be
inadequate not only in quantity but also in quality. Other needs
which follow these six basic necessities are sanitation, medical care

and education, although in some societies alcohol and religion may

be considered more important than any of these.



Table 4.5 Distribution of income in rural sector (excluding
estates) according to 1973 Consumer Finance Survey

Income of
spending unit
for 2 months

(Rs)

Percentage of
spending units
in sampled
population

Percentage of
sampled
population

0-50 <0.5 <0.5

51-100 1 <0.5

101-200 6 3

201-400 29 24

401-800 46 50

801-1600 15 19

1601-2000 1 2

2001-3000 1 1

> 3000 1 1

Total 100 100

Mean income = Rs 582/spending unit/2 months.

Source: Calculated from CBC, (1974b), pp.487, 504.
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In Nikinigama there is generally an adequate supply of clean
water for drinking and domestic purposes throughout the year. Food
is sometimes in short supply and the quality of the diet generally
varies between the seasons, being poorest just before the first Maha
crops are harvested in December. All of the villagers have what may

be regarded in Sri Lanka as adequate shelter, although the houses
do need constant attention. Clothing is minimal and simple; a new

sarong once a year, and a new shirt or blouse once every 2 or 3 years,

is almost all that most of the villagers consider necessary or are

able to afford. The temperature rarely falling below 20°C at any

time during the year, there is scarcely any need for space heating;
only some of the older people in the village will ever light a fire
to warm their houses at night, even in the coldest months of January
and February. Lighting, as mentioned earlier, is provided mainly by
kerosene lamps.

Of the secondary needs, sanitation, in the form of permanent
toilet facilities, is not regarded as particularly important. Medical
care and education are provided mainly by the government although the

adequacy of both is debatable. Being Buddhist, only a few of the
villagers ostensibly drink alcohol. One villager, however, was almost
an alcoholic, and his family, which was one of the largest in the village,
suffered as a result. Religious practices and ceremonies do form an

important part of the village life but they do not involve any

significant extra expense.

Energy in various forms is required to satisfy human needs. The
principal sources of energy available to man are solar energy, human
muscular power, draught animal power, biomass fuels and fossil fuels.
Ultimately, as explained in Chapter 2, all of this energy derives
from the sun, the energy obtained from the foods consumed by man and
animals, and from biomass and fossil fuels, being stored chemical

energy originally trapped by plants through the process of photosynthesis.
As these sources of energy are closely related, it is instructive to
map their use in the form of an energy flow diagram.

The simple type of energy flow diagram used by ecologists to
describe the flow of energy in a food chain is inadequate. It serves
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only to emphasise that the energy in the food consumed by man and
animals and in their excreta, is all derived from the stored

photosynthetic energy in plants. In Nikinigama, as in most of Sri
Lanka, the population is largely vegetarian, so that the food chain
of which man is the final consumer is short.

In examining the way in which the villagers satisfy their basic
requirements, it rapidly becomes apparent that it is impossible to

separate the flow of energy from the flow of materials and even the
flow of money. Thus wood can be used either as a fuel for cooking
or as timber to build a house. Similarly, paddy may be sold for money

and the money then used to buy fertilizer which may improve the yield
of paddy. These exchanges are clearly related but they cannot all
be represented as flows of energy in the same way. Paddy is valued
mainly as a source of food energy, but the heat of combustion of
money, in the form of coins and notes, bears no relation to its value
or intended use. Similarly, the fertilizers used in agriculture are

valued for the nutrients which they contain and not their stored
chemical energy, even though some nitrogen fertilizers may have a

relatively high heat of combustion. It would be misleading to

represent the exchange of paddy for money, of money for fertilizer, or,

in a sense, of fertilizer for an increased yield of paddy, as a flow
of energy. Yet, at the same time, it would be incorrect to ignore
these exchanges since the money and the fertilizer may be considered
as equivalent, in a certain way, to the weight of paddy for which
they were originally exchanged, and this weight may be compared with
the increase in the yield of paddy resulting from the application of
the fertilizer.

The flow diagram language used to illustrate the relationship
between the flows of energy and materials should reflect these differences
and similarities. The language used by Odum and others, which has been
discussed in Chapter 1, was not considered appropriate because flows
of energy are not easily distinguished from other flows. Indeed it is
often not clear, at least in the diagrams produced by Odum, what the
flow lines represent; there would appear to be some confusion between
flows of energy and what may be described more accurately as causal
relationships, in which any associated flows of energy are of minor
importance.
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A particularly important aspect of the way in which man satisfies
his basic needs is that various forms of energy are often used, not

directly to satisfy a need, but indirectly to allow a need to be
satisfied by some other flow of energy or flow of material. Thus
firewood is used for cooking, draught animals are used for ploughing,
and most important of all, human muscular energy is used in every

human intervention in the environment from agriculture to the
construction of a shelter. In each case, stored chemical energy is
released as heat, and organic matter is converted mainly to carbon
dioxide and water. The energy stored in the firewood or in the
various metabolic products of digestion in draught animals and humans
is lost from the system of energy flows„ At the same time, however,
important changes occur which allow man's needs to be satisfied.
Cooking renders raw food edible, ploughing renders land fit for sowing,
and human labour allows food to be produced, houses to be built and

clothing to be made.

Odum and others use the work-gate symbol described in Chapter 1
to represent this interaction of energy flows. The main flow of
energy is then controlled by the flow of energy through each "work-gate".
In the present work, however, it was decided that it would be more

appropriate to consider these interactions as processes. Agriculture,
for example, would be the process whereby solar energy was converted
to stored chemical energy in the crops. Cooking would be the process

whereby raw food was converted into cooked food, ready for human
consumption. Indeed, the entire intervention by man in his environment
to satisfy his needs may be considered as a complex combination of
processes, whereby the raw materials produced by nature are modified
or changed to suit man's specific requirements. Many processes, of
course, are of relatively minor importance and scarcely need to be
mentioned, although all of them will involve at least some expenditure
of human energy.

In the village of Nikinigama, as in many other communities, some

of the products used by the villagers to satisfy their needs are not

produced in the village itself but are obtained from outside by economic
exchange. Crops produced in the village are sold for money and this
money is then used to purchase whatever products may be required. The
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exchange may be considered as an economic process whereby goods are

converted into money, or money into goods. However, this type of

process is quite different from that described above, which may be
considered, in contrast, as a thermodynamic process. Whereas the
inputs and outputs in an economic process are related according to

price, the inputs and outputs in a thermodynamic process are related
according to energy content. In both cases, however, it is important
to distinguish between those materials which are processed, and those
which are used, or the stored chemical energy in which is released,
in order to allow the process to take place. Although in any

thermodynamic process there will always be a total energy balance
between all the inputs and all the outputs, there will also, in most
cases, be a separate energy balance between the inputs being processed
and the corresponding outputs, and between the materials used to allow
the process to take place and their corresponding outputs. In the
terminology of Odum (29), the flow of energy or material across a

work-gate is distinct from the flow of energy or material which the
work-gate controls. For example, in the process of pounding paddy
with a mortar and pestle, the main flow consists of the unmilled
paddy which is transformed into milled rice and fragments of husk and
bran. The work-gate flow consists of the mortar and pestle, which are

left almost unchanged in the process, and the stored chemical energy

in the human being carrying out the process, which is converted into
heat. The two flows are quite separate, although some of the heat
energy produced will initially be stored in the mortar and pestle,
and in the milled rice and husk and bran fragments. In some processes,

however, the inputs and outputs are not so easily divided into a

main flow and a work-gate flow. In the process of agriculture, for
example, it might seem reasonable, at first, to treat the application
of fertilizers as a work-gate flow which increased the main flow of
photosynthetic energy; this is, indeed, the way in which Odum analyses
the interaction (30). However, some of the nutrients in the fertilizers
are absorbed in the crop so that the two flows are not entirely separate.

In the case of an economic process, the main flow, or exchange of
flows, is always quite distinct from any work-gate flow. The main
flow inputs and outputs are related by price whereas the work-gate
flows, which may represent, for example, the transport of produce to
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the market, will either be related by price (when the transport is
paid for) or will obey an energy balance (when the transport has
to be provided by the trader).

In Nikinigama, only four of the six basic needs involves any

significant expenditure of energy or use of raw materials: these
are food, shelter, clothing and lighting. The first three of these
are material needs, the last may be considered as a process which
requires an input of kerosene. Figure 4.3 shows, at an elementary
level, how these needs are satisfied in Nikinigama. Only the major
flows of energy materials and money are shown. As most of the energy

used in the village is chemical energy stored in various forms of
matter, and as most of the materials used are sources of chemical bond

energy, the networks of material and energy flows are practically
identical. Most of the materials used by man to satisfy his needs will
release energy when reacted with oxygen. However, there are obviously
many materials and material products which would not normally be
considered as sources of energy. Strictly speaking, the only
materials used in the village which would not release any energy when
reacted with oxygen are stone, brick, metal, water and certain types
of fertilizer. Clothes, most tools, and any household items made
partly with wood, fibre or plastic, will all be combustible although
they are never used in the village as a source of energy even when
they are of no further use as a material item. Accordingly, it
was decided to distinguish from other forms of matter, any combustible
organic matter which was either used, or was practically usable, as

a food or fuel. Old clothes, the wooden handles of old tools, and
the combustible parts of any other manufactured items, were not
considered as practical fuels. Nor were the materials, such as timber
and cadjans, which were used to build the village huts. However, until
it is decided to use wood as timber, it is usable as a fuel and so

the material flow from "Vegetation" to "Timber" in Figure 4.3 is treated
as a source of energy.

Apart from the distinction between flows of matter which are a

practical source of energy and flows of matter which are not, two other
types of flow are distinguished in Figure 4.3. These are flows of
radiant energy (from the sun) and flows of money. Henceforth, these four
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Figure 4,3 Basic flow diagram for village

KEY

Matter Thermodynamic process Economic process

Flow of radiant energy

y Flow of combustible organic matter used or practically usable as food or fuel

-> Other flows of matter

> Flow of money

Matter decomposed or oxidised
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types of flow may be referred to as radiant energy flows, energy

material flows, non-energy material flows and money flows.

An expanded flow diagram for the village, which includes various
flows not shown in Figure 4.3, is given in Figure 4.4. The use of
crop residues as a source of firewood (mainly coconut husks and
shells) and as a source of building materials (cadjans) is included.
So also are the seed, tools and agricultural chemicals used in the
practice of agriculture. It will be noticed also that there is a

money flow involved in "crop processing"; this represents the

milling of rice paddy at one of the nearby huller mills, a service
for which the charge is usually Rs 2 a bushel (21 kg). Although this
exchange of money for a service is an economic process, it cannot

easily be represented as such since no "service flow" is defined.
The representation in Figure 4.4 is not entirely adequate but its
meaning is clear; the exchange is analysed in more detail in Chapter 6.

In both Figure 4.3 and Figure 4.4 agriculture is represented as

a single process. As already explained, there are, in fact, three
distinct types of agriculture practised in the village: paddy
cultivation, chena cultivation and home garden or gangoda cultivation.
The individual flows of energy, materials and money involved in each

type of agriculture are shown in Figure 4.5. It is clear that several
of these are related. Waste coconut matter is used as a source of

fuel, together with the firewood obtained through the process of chena
clearing, in the parboiling of rice paddy. Building materials are

drawn from all three types of land: timber from the chena lands,
straw from the paddy fields,and cadjans, to a small extent, from the
gangoda and home gardens.

For the purpose of analysing the quantities of energy, material
and money involved in satisfying the basic needs of the villagers, the
basic flow diagram given in Figure 4.3 may be divided into five parts,
corresponding to the major sources and uses of energy and materials.
These are human energy, agriculture, firewood, housing and kerosene.
Agriculture may be sub-divided into three parts, as seen above.
However, since gangoda and home garden cultivation is of minor
importance, both as a source of energy and materials and as an activity



Figure4.4Expandedflowdiagramforvillage Key:AsinFigure4.3.

OO Qo



Agricultural chemicals

Millingor\ pounding)

Parboiled paddy

Parboi1ing)

Free rice ration

Buffaloes

Straw

Bui1ding materials

Timber

Vegetation

ICiiena\
idearing)

Firewood

Pulses vegetables andother fnnds

Alomepounding; andgrindingj
Chena crops

/Chena\ cultivation

Agricultural chemicals

Fronds

Waste coconut matter

(Gardenor gangoda ^cultivation,

Coconut palms

Coconuts

Coconut kernel

Fruit trees
Figure4.5
Expandedflowdiagramforvillageagriculture

Key:AsinFigure4.3.Economicprocessesabbrieviatedasshownbelow Purchase

Note:Expenditureofhumanenergyinvolvedinallprocessesbutindividualflowlinesnotshownhere.
00

to



190

in the village, it was decided to consider the cultivation of only
one typical crop grown under this type of land use, namely coconut.
This crop is of major importance in the diet of the villagers, and
although most of the coconuts and coconut products consumed in the
village are bought outside, it is worth examining the many uses of
the coconut palm and the manner in which they are related. Altogether,
therefore, seven major sources and uses of energy in the village may

be identified:

- human food consumption and energy expenditure

- paddy cultivation and processing

- chena cultivation

- coconut cultivation and the use of coconut products

- firewood use

- housing

- kerosene consumption for lighting.

The flows of energy, materials and money involved under each of these

headings are examined in the following seven chapters. The consumption
and expenditure of energy by buffaloes is considered in the chapter
on paddy cultivation and processing. The expenditure of money,

obtained from the sale of agricultural products, on clothing and
consumer durables is not examined in detail since it is difficult to

assess and is, in any case, relatively small.

Practically all of the data presented here on the flows of energy,

materials and money in the village were collected by the writer between
October 1977 and May 1978. Measurements were generally made when the

opportunity presented itself, and as a result they often relate to
different periods. However, general trends in the consumption and
use of energy and materials were observed, and as a result it was

possible to take some account of seasonal variations. Mo pretence at

accuracy can be made. It is recognised that many of the measurements
are imprecise or inadequate to present a complete picture. They do,
however, refer to one village, and in many cases the limited number
of observations is balanced by a greater and more detailed knowledge
of the people and the situation to which they refer, than would have
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been possible in a more extensive survey.

Individual households in the village vary considerably in

composition and size, in wealth, in terms of food consumption and
energy expenditure, and also in terms of the areas of land which they
own or cultivate, and the crops which they produce. It was not

possible, nor was it considered desirable, to work continuously with
one family, although for obvious reasons, many of the measurements

presented here refer to the Kiriya family, with whom the writer stayed.
Accordingly, it was decided to construct a flow diagram for the whole
village, and for a period of one year covering the period of study.
As the main agricultural season in the village, the Maha season, begins
in September, the reference period was taken to extend from the
beginning of September 1977 to the end of August 1978.

In analysing data on food and energy consumption obtained for
different households in the village, some account must be taken of
variations in household size and composition. The most appropriate
measure for this purpose was considered to be the male adult consumption
unit, which is defined in Appendix 8. As shown in Section 1 of the
next chapter, it may be assumed, on average, that

1 caput - 0.75 units.

The average number of persons per household in the village is, as

already shown, 5.8, although for the 25 households interviewed (see
Appendix 4), the average is 6.1. In analysing some data, for example
on crop cultivation and the use of timber in housing, it is convenient
to define a typical representative village household, consisting of
six people and the equivalent of 4.5 units. In the final flow
diagram, however, it was decided to express all data on a per capita
basis.

The basic measure of energy used in the present study is the

megajoule (MJ), and accordingly energy flows in the village are

measured in MJ/capita/y. The magnitude of individual flows will vary

from less than 10 to over 10,000 MJ/capita/y. Although practically
none of the flows can be considered accurate to the nearest MJ/capita/y,



they are, in some cases, expressed to this level of accuracy in
order to reduce the effect of rounding errors. In most cases, however,
the flows are rounded to the nearest 10 MJ/capita/y.

Notes and References

1) According to DCS, (1980a), p.12, the estimated mid-year
population of the Anuradhapura district in 1978 was
458,000; however the preliminary results of the 1981
census (DCS, (1981b), p.4) indicate a population of about
588,000 and although there has been an influx of colonists
recently to the Mahaweli Project, it seems that this
estimate for 1978 is slightly low. The proportion of the
population living in the rural part of the district
(excluding the estates) was 93% in 1981 (DCS, (1981b), p.4),
and a similar figure may be assumed for 1978.

2) The average village population in Sri Lanka at the time of
the 1971 census was 471 (Director, DCS, (1978), personal
correspondence). In the Anuradhapura district the villages
are smaller than average, and even allowing for the increase
in population the average village size in 1978 was probably
below 400.

3) See DCS, (1981b), p.24, and DCS, (1975c), p.7.
4) Obtained from the Survey Department, Narahenpita, Colombo, 1978.
5) Calculated from census populations given in DCS, (1975c),

pp.1,2 and DCS, (1981b), p.3.
6) DCS, (1975c), p.2.
7) Calculated from district population given in DCS, (1981b), p.3,

assuming area of 7,129 km2 given in CBC, (1980a), p.18.
8) See DCS, (1974), p.58, and CBC, (1975), p.25.
9) CBC, (1974a), p.17.

10) Raghavan, (1962), p.20.
11) Wijesekera, (1965), p.71.
12) CBC, (1974a), p.50.
13) Ministry of Food and Co-operatives, (1977), and People's Bank,

(1980b), p.20.
14) In 1978, according to DCS, (1980b), p.16, the average prices of

raw and parboiled rice in the urban areas of the Anuradhapura
district were Rs 3.25 and Rs 2.90 per level measure (0.91 kg)
respectively. As most of the rice issued under the ration scheme
is parboiled it seems reasonable to assume an average price of
Rs 3 per level measure.

15) Clark and Haswell, (1970), Chapter IV, pp.57-73.
16) Ibid., pp.57-58.
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17) See, for example, Wu Leung et al, (1972), pp.7,8, or Piatt,
(1962), p.6.

18) Clark and Haswell, (1970), pp.60-61, 240.
19) Ibid., p.241.
20) DCS, (1980b), p.14.
21) Clark and Haswell, (1970), pp.64-65.
22) Ibid., p.65.
23) DCS, (1973b), p.i; CBC, (1974a), p.10.
24) DCS, (1973b), p.iii; CBC, (1974a), p.10.
25) Izumi and Ranatunga, (1974), p.iv.
26) CBC, (1980a), p.29.
27) CBC, (1974b), p.487.
28) DCS, (1977a), p.Ill, Table 1.
29) Odum, (1971), pp.38-39.
30) Ibid., pp.39, 175.
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CHAPTER 5 HUMAN FOOD CONSUMPTION AND ENERGY EXPENDITURE

5.1 Total food energy consumption

No direct measurements were made in the village either on food

consumption or on energy expenditure. The consumption of food
energy by the villagers was estimated from the data provided in
the 1973 FAO/WHO report on energy and protein requirements (1)
and from a table of family coefficients produced by the League of
Nations in 1932 (see Appendix 8).

In general, the consumption of food energy can be determined
either directly, by assessing the quantities of food consumed, or

indirectly, by assessing the quantities of energy expended. It is,
of course, important to distinguish carefully between energy expenditure,
energy consumption and energy requirements. Energy expenditure is
the quantity of energy released by chemical oxidation within the body
over a given period of time; except for certain forms of external
work done, all of this energy is ultimately degraded into heat. It
is usual to determine energy expenditure indirectly by measuring the
oxygen uptake of the body.

Energy consumption is the quantity of food energy ingested by
the body. It is the normal practice in estimating food energy to
make an allowance for faecal and urinary energy losses by using the
so-called "Atwater factors" discussed in Chapter 2, Section 4; these
factors give the quantity of available energy in a food, which is
less than the heat of combustion. Energy consumption measured in
this way is equal, over an extended period of time, to energy

expenditure, provided that there is no increase in body weight.

The term 'energy requirement' is defined in the FAO/WHO report
as follows (2):

"The energy requirement of persons is the energy intake
that is considered adequate to meet the energy needs of
the average healthy person in a specified category.
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Note: Some individuals are expected to need less and
others more than the average energy requirement, but
in a group these surpluses and deficits cancel each
other, and the suggested requirement represents the
average of the group."

It is clear from the words "considered adequate" that the
estimation of energy requirements is subjective. As explained in
Appendix 8 the energy requirements for children given in the
FAO/WHO report are based on the assumption that all children up to
a certain age can, and should, attain the same weights as are

observed in the developed countries of the world. Yet children are

known to be able to survive on much less than these requirements even

when they are relatively active physically. They may not, however,
attain the same growth rates as in the West. The energy requirements
for adults given in the FAO/WHO report depend on four factors - body
weight, age, sex and physical activity. The body weights of men,

women and children in any community are related and so it is only
necessary to specify the average body weights for one or two groups,

usually adult men and possibly also adult women. The effect of
ageing on adult energy requirements is relatively small and can

reasonably be ignored with a typical population age distribution.

In the present study, the energy requirement of a male adult in
the village was estimated from the figures given in the FAO/WHO report
for the approximate body weights and levels of activity observed by
the writer. This requirement was taken as a reasonable estimate of
actual consumption. The quantity of food energy consumed by the
women and children in the village was assumed to be related to that
of male adults according to the League of Nations family coefficients
given in Appendix 8. An estimate of the per capita consumption of
energy in the village was then obtained by using data on the age and
sex distribution of the population. This estimate was found to be
consistent with other estimates of per capita energy consumption given
elsewhere for various parts of Sri Lanka.

Male adult energy requirement

The body weights of nine male adults in the village, ranging
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in age from 20 to 65 and forming a representative sample as regards
physical stature, were measured by means of a spring balance (see
Appendix 9). The weights ranged from 44 to 57 kg, with an

average of 48.6 kg (SE = 1.45). This is close to the average male
adult weight of 50 kg given elsewhere for Sri Lanka (3) and also
India and South-East Asia (4).

According to the 1973 FA0/WH0 report on energy and protein
requirements, the daily energy requirement of a male adult who is
"moderately" active, is 0.19 MJ per kg of body weight (5). This
figure is based on the assumption that the requirement of a moderately
active 65 kg man between 20 and 39 years of age is 12.5 MJ (or
3000 kcal), and further, that energy requirements are roughly
proportional to body weights (6). For the average weight of the
village man obtained above this gives an energy requirement of 9.23 MJ
per day.

Durnin and Passmore (7) draw attention to the considerable
difficulties involved in assessing the energy expenditure of peasant
farmers due largely to the seasonal nature of the agricultural work
carried out. They point out that although it is not continuous
throughout the year, "there is no doubt that much of the labour of
cultivation is moderate or heavy work". The descriptions "moderate"
and "heavy" refer here to rates of energy expenditure measured at the
time of working; the total expenditure of energy over a whole day
obviously depends on the duration of the working period. The FA0/WH0
report (8) classifies different occupations according to four ranges

of physical activity - light activity, moderately active, very active
and exceptionally active. Under this classification, many male farm
workers are "moderately active", whilst "very active" men include
"some agricultural workers", and "very active" women include "some
farm workers (especially peasant agriculture)". A glance at the
agricultural calendar for the village of Nikinigama (see Appendix 11)
makes it clear that there are very few periods during the year when
the villagers are not engaged in some agricultural activity.
Consequently, it is reasonable to suggest that the men are considerably
more than just "moderately active". The correction factor for
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"very active" work given in the FAO/WHO report (9) is 1.17, which
would imply an energy requirement of 10.8 MJ/day for an average

male adult in the village.

The villagers do not, of course, work on every single day of
the year. There are days during the moonsoon season when there is
heavy rain, and little work is done; in addition, time is sometimes
taken off on certain religious days (Poya, or full moon days, for
example) and there is always the possibility of sickness. However,
even if it were assumed that the male adults were "very active" for
only 80% of the year (and "moderately active" during the rest of
the year), the correction to the above figure of 10.8 MJ/day would
be less than 3%. Furthermore this correction could be cancelled

simply by assuming a rounded average weight for the male adults
in the village of 50 kg instead of the observed sample average of
48.6 kg. The correction factor of 1.17 for "very active" work
is, in any case, only an approximate adjustment and consequently
there is little justification for altering the original figure
except possibly by rounding it up to 11 MJ/day.

Clark and Haswell (10) disagree with many of the FA0
recommendations on energy requirements although they appear to
have misinterpreted some of the data on which they base their
argument (11). Their estimation of the average daily requirement
for a 50 kg man aged 20-29 in India and South-East Asia, is 1829 kcal
(7.66 MJ) for sedentary activity, with a net addition of 155 kcal
(0.65 MJ) for each hour of work per day (12). The energy requirement
for the average male adult in the village found by this method is
the same as that calculated above (10.8 MJ/day) for about 5 hours
of work per day. It was observed by the writer that many of the
men in the village worked for 8 hours or more when necessary,

whilst few did less than 4 hours work of some sort.

The energy requirement estimated above refers, of course, to
the available energy in the diet consumed. The gross energy of
the diet will be higher because of the faecal and urinary energy

losses. As shown in Chapter 2, Section 4, approximately 6.5 per cent
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of the gross energy in the village diet will be lost in the faeces
and 3.5 per centin the urine; the available energy will amount to
about 90 per cent of the energy content of the food consumed.
Assuming that the energy requirement calculated above is a reasonable
estimate of actual consumption, the energy content of the food
consumed by a male adult in the village will be approximately
12 MJ/day. The difference between this and the available energy

consumed per day is the energy content of the excreted waste matter,
that is, 1.2 MJ/day.

Energy consumption of women and children

The food energy consumed by the women and children in the
village may now be calculated by using the table of family
coefficients given in Appendix 8 (Table A8.1). These coefficients
refer to relative levels of food consumption and, as already explained
in Appendix S^the coefficients for children in particular are not
based on optimum levels of intake, such as have been suggested by
the FAO/WHO, which make a substantial allowance for growth. The
levels of physical activity amongst the women and children will be
roughly determined by the size of the unit on which the table is
based, that is the consumption of energy by a male adult. The male
adult in the village has been described as "very active", so that the
use of the family coefficients in Appendix 8 would imply that the
women and children in the village were also "very active". This is
a reasonable assumption since the women are always busy with cooking,
washing clothes, pounding grain and various other domestic operations,
and in addition they quite often help the men with the agricultural
work; similarly, the children, if they are not helping their parents,
either at home or in the field, spend much of the day playing outside.

The unit of consumption in the League of Nations table may, in
fact, be taken to refer either to the available energy in the male
adult diet, as was the case in the original table, or to the total
energy content of the diet, which is proportional to the available
energy. In other words, it may be assumed that in the village,

1 unit = 10.8 MJ/day available energy

or 12 MJ/day gross energy.
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It should be mentioned that the above estimates of the male

adult energy consumption in the village refer, as does the FAO/WHO
requirement from which they are derived, to a man between 20 and
39 years of age, whereas the unit of consumption in the League of
Nations table refers to a male adult between the ages of 14 and 59.
As shown in Appendix 8 (see Tables A8.1 and A8.2) the scale of the
family coefficients derived from the FAO/WHO energy requirements is
more finely divided than that produced by the League of Nations.
If the relevant coefficients in Table A8.2 are weighted according
to the age distribution of the rural male population in Sri Lanka
then it may be shown that the average energy requirement of a male
adult between 14 and 59 years of age is only 2% less than that of a

male adult between 20 and 39 years of age. Since it was decided to
use the League of Nations table of coefficients it is, in any case,

doubtful whether a correction should be made; to be consistent the
coefficients in the League of Nations table would also have to be
adjusted. Accordingly, the unit size above was left unaltered.

Per capita energy consumption

The average of the coefficients in the League of Nations table,
weighted according to the age distribution of the rural population

(13), is 0.74. In other words, on average over the whole rural
population of Sri Lanka, one caput is equivalent to 0.74 male adult
consumption units. The average equivalence amongst the 25 families
interviewed in the village was found to be 0.77 (see Appendix 4).
For convenience, a rounded average of 0.75 is assumed in the present
work, that is,

1 caput = 0.75 units

or

1 unit = 1.33 capita.

As explained above, the unit of consumption may be taken to refer
either to the available energy in the male adult diet (10.8 MJ/day)
or to the energy content of this diet (12 MJ/day). It follows
that the per capita consumption of food energy in the village is
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approximately,

8.1 MJ/day available energy

or

9 MJ/day gross energy.

Other estimates of energy consumption in Sri Lanka

It is of interest to compare the above figures with the results
of nutrition surveys and food balance sheets. It should be pointed
out, however, that these results refer to the apparent consumption
of food, no allowance being made for storage losses, spoilage,
cooking losses or plate waste. The correction to be made for these
losses will depend on where in the distribution and retail system
the estimate of consumption is made. Furthermore, since it is an

almost universal practice to measure food energy in terms of the
energy actually available to the body after accounting for urinary
and faecal losses (as with the Atwater factors), the results of
nutrition surveys and food balance sheets will generally be expressed
as estimates of the apparent available energy in the diet. Table
5.1 gives the results obtained from various sources, the balance
sheet estimates being, of course, all island estimates and the
nutrition survey results referring to particular localities and
income groups. The estimate of food consumption in the village,
8.1 MJ/capita/day, is less than all the estimates in the table by
between 0 and 19 per cent.

According to the Department of Census and Statistics (22), the
FAO has suggested a global figure of 15% to allow for spoilage,
cooking losses and plate waste. It is pointed out, however, that
a lower figure would certainly apply amongst the poor in Sri Lanka
and possibly to the higher income brackets as well. According to

Jogaratnam and Poleman (23), the average allowance recommended by
the FAO for cooking losses and plate waste, or waste of cooked food,
is 10%. Again, a lower figure is considered applicable to Sri Lanka.
In the 1973 FA0/WH0 report referred to earlier there does not appear

to be any mention of an allowance for waste in the estimation of



Table 5.1 Estimates of apparent available energy

from diets in Sri Lanka

Source Apparent available
energy per capita

Balance Sheet Estimates
MJ/day kcal/day

Average, 1955-1960
Adjusted average, 1955-1960

(14)
(14)

8.56
8.89

2046
2125

Average, 1968-70 (15) 9.35 2235

1975
1976
1977

(16)
(16)
(16)

8.90
9.09
9.80

2127
2172
2343

Nutrition surveys

1) 1969-70 Socio-Economic Survey:
Rural sector:

Monthly income per household
< Rs 100 (17) 8.18 1954

< Rs 200 (18) 8.78 2099

All income groups (18) 9.49 2268

Zone II:*
Monthly income per household

< Rs 200 (18) 8.63 2063

All income groups (18) 9.99 2388

All Island:
Monthly income per household

< Rs 100 (19) 8.12 1941

< Rs 200 (18) 8.64 2064

All income groups (18) 9.47 2264

2) Medical Research Institute
dietary surveys, 1969-1973:
Average for 11 rural low-
income villages (20) 8.52 2036

Other

World Bank, 1977 (21) 8.90 2126

* Comprising Hambantota, Moneragala, Amparai, Polonnaruwa,
Anuradhapura and Puttalam districts.
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energy requirements. A tentative allowance of 10% is, however,

given for wastage in the estimation of protein consumption from
food balance sheets (24).

In the village of Nikinigama, plate waste and cooking losses
will be low and an allowance for wastage of 5% is considered
adequate. That is, actual consumption will be 95% of apparent
consumption. The apparent available energy per capita in the
village will therefore be about 8.5 MJ/day, which is compatible
with the figures in Table 5.1.

A summary of the various measures of food energy consumption
in the village which have been derived above is given in Table 5.2.
The consumption of food energy by a family may be calculated simply
by determining the appropriate coefficient for each family member
from the League of Nations' table (Table A8.1), adding the coefficients
together, and multiplying the result by the required measure of food
consumption per unit given in Table 5.2. If the sex and ages of
the family members are not known the consumption of food energy may

be calculated approximately by using the per capita data. For
whole populations, of villages, towns or countries, the difference
between the results of these two calculations will be small, but
where the consumption of food by individuals or families is being
compared, the difference may be significant, and the former method
should be used.

5.2 Energy expenditure in various activities

Method of measurement and expression of results

All of the energy released by the body, whether in the form of
heat or external work done, is obtained by the oxidation of food,
or chemical substances derived from food. The direct measurement

of energy expenditure requires the use of a large calorimeter in
which the subject being studied must be totally enclosed for the
duration of the test. The cost of such an instrument is high, and
it is difficult to maintain and run. It is also unsuitable for

measuring the energy expenditure in a large number of activities.
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Table 5.2 Consumption of food energy in the

village: summary of results

MJ/day * Per capita Per unit t

Apparent Actual Apparent Actual

Gross energy 9.5 9.0 12.6 12.0

Available energy 8.5 8.1 11.4 10.8

* All figures calculated to one decimal place using the
relationships below and assuming an actual gross energy
intake of 12 MJ/unit/day.

t Male adult consumption unit (see Appendix 8).

Assumed relationships (see text)

1 caput = 0.75 units.
Available energy = 0.90 x Gross energy.
Actual energy consumption = 0.95 x Apparent energy consumption.
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The indirect measurement of energy expenditure, by analysing the
inhaled and exhaled air of the subject and thereby calculating the
rate of consumption of oxygen, is far more convenient. It has
been found to give the same answer as direct calorimetry to within
a few per cent, at least over long periods.

One of the earliest methods of measuring oxygen consumption
was by the use of what was called a "Douglas bag", in which all
the expired air was collected prior to analysis. This method is
still employed in the laboratory and gives accurate measurements of
oxygen consumption over periods of 5 to 15 minutes. The Douglas
bag is too big, however, for field use; for measurements on activities
which cannot easily be performed in a laboratory, it is common

practice now to use the more portable Max-Planck or Kofvanyi-Michaelis
respirometer. This instrument measures the volume of the expired
air passing through it and diverts a small fraction of the air, less
than one per cent, into a small rubber bag for subsequent analysis.
Since the composition of the foodstuffs oxidised in the body varies,
the quantity of energy released per unit quantity of oxygen consumed
will depend on the metabolic mixture, or, in other words, the
quantities of carbohydrate, fat and protein metabolized. A precise
calculation of the energy released requires a knowledge of the amounts
of carbon dioxide and urinary nitrogen produced by the body. However,
Weir showed in 1949 that a good estimate of the rate of energy

expenditure could be obtained from measurements of the volume of
expired air and its oxygen content alone. Weir's formula, as given
by Durnin and Passmore (25) is,

(20.93 - O^), f5-1'

where E is the energy expenditure in kcal/min,
V is the volume of expired air in 1/min at S.T.P.,

and 02e is the percentage of oxygen in the expired air.

For a derivation of this formula, which differs from the original
relation developed by Weir (26), Durnin and Passmore refer the
reader to an earlier work by Passmore and Draper (1965). The
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equation derived by Passmore and Draper (27) actually contains a

urinary nitrogen term, clearly omitted by Durnin and Passmore,
which amounts to 0.03 kcal/min deducted from the right-hand side
of Equation 5.1. The error introduced in the equation of
Passmore and Draper through not taking account of the quantities
of carbon dioxide and urinary nitrogen produced is at most + 2 per

cent at rest and less on exercise (28). Omission of the urinary
nitrogen term, which is in fact an average correction, introduces
a further error of about 3 per cent at rest.

A more detailed description and history of the methods of
measuring energy expenditure is given by Durnin and Passmore (29).

Energy expenditure has the same dimensions as power, that is
energy divided by time. Various units have been employed by
physiologists. Fox (1953) and Phillips (1954), who made measure¬

ments of energy expenditure in West Africa, expressed their results
in kcal/h. However, most measurements of energy expenditure are

made over short periods of about 10 minutes; Passmore and Durnin

(30) pointed out that, as few activities are ever continued at a

steady rate and without rest for as long as an hour, values
expressed in kcal/h might be misinterpreted. They considered
kcal/min to be a more appropriate unit. In some more recent
studies of energy expenditure, such as those by Norgan et al (1974)
and Brun et al (1981), the results are expressed in kJ/min and
kcal/min.

The SI unit of power is the watt (W) and was considered most
appropriate to the present study. The average consumption of
available energy by a male adult in the village has already been
estimated to be about 10.8 MJ/day; this is equivalent to 125 W,
which may be considered as the average rate of energy expenditure
over the whole day. The energy expenditure of a male villager in
most activities involving movement of the body is between 100 W and
500 W.

Measurements of energy expenditure made on different individuals
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will vary, even for standardised exercises such as walking on a

treadmill at a constant speed. Mahadeva et al (1953) carried out
a study of individual variations in energy expenditure on a group of
50 male and female subjects of different races and of varying weight
and age. They found that the energy expenditure in standardised
stepping and walking was linearly related to body weight but that
height, age, sex and race had no statistically significant effect

(31). In many other activities which are not standardised, however,
rates of energy expenditure measured for women are less than those
measured for men, even after the differences in body weight have
been taken into account. It is likely in these cases that the
activities are not carried out in exactly the same way and it might
be found, where the external work done can be quantified, that the
men do more, or work harder. However, there are many activities
which simply cannot be standardised, and it is the general practice
to distinguish between measurements of energy expenditure made on

men and women.

Measurements of energy expenditure in different activities are

not directly comparable unless the subjects involved are of
approximately the same weight. In most of the recent literature
on energy expenditure the measurements have been adjusted according
to a standard body weight, usually 65 kg for men and 55 kg for
women. This adjustment has been made on the assumption that energy

expenditure is directly proportional to body weight. There does not

appear to be any strong evidence to support this assumption. In
most cases it can only be claimed that energy expenditure is an

approximately linear function of body weight. However,it was
decided in the present work that direct proportionality would be
assumed in estimating the energy expenditure of the villagers in
various activities from the data given in the literature. The
reasons for this are explained in Appendix 10.

The average weights of the men and women in the village were

estimated to be 48.6 kg and 45.0 kg respectively (see Appendix 9).
For the present purpose, the male adult weight may be conveniently
rounded to 50 kg without any significant loss of accuracy. Accordingly,



all the data on energy expenditure given in the present work are

expressed in watts per 50 kg man or watts per 45 kg woman. It is
convenient to remember that, to within 1%,

1 kcal/min/65 kg = 54 W/50 kg

and 1 kcal/min/55 kg = 57 W/45 kg.

The energy expenditure of children is not considered here.
There is no doubt that the children in the village do occasionally
help their parents in agricultural work but this contribution is a

small fraction of the total effort.

Male energy expenditure

Estimations of energy expenditure by the male adults in the
village are based principally on the measurements obtained in four
independent studies. These were conducted by Fox (1953) in the
Gambia, Phillips (1954) in Nigeria, Norgan et al (1974) in Papua
New Guinea and Brun et al (1981) in Upper Volta. The relevant
data from these studies, expressed in watts per 50 kg man, are

given in Tables 5.3 to 5.6. Copious reference was also made to
the detailed compilation of data on energy expenditure prepared by
Passmore and Durnin (1955) and later expanded in their text "Energy
Work and Leisure" (Durnin and Passmore, 1967).

For many of the activities carried out in the village no

specific information on energy expenditure could be found.

Agricultural practices can vary enormously between one country and
another, and activities described in the same way may require
totally different instruments and movements of the body. Besides,
individuals often work at different rates and this can have a

marked effect on their energy expenditure. In some cases it may

happen that the expenditure of energy per unit of work done (for
2

example, per m in weeding or per kg in pounding grain) may be
relatively constant between different individuals, whereas the
rates of energy expenditure (per unit time) may vary considerably.
The difficulty of the task being done and the working conditions
(for example, the thickness of the weeds in weeding, or the softnes



Table 5.3 Energy expenditure of male farmers in the
Gambia: data by Fox (1953)

Activity Clearing
shrubs and
dry grass

Ridging Planting
groundnuts

Weeding
millet and
groundnuts

No. of subjects 4 5 4 3

Age (y): Mean 28 30 24 28

SE 2.4 2.0 1.6 4.4

Weight (kg): Mean 63.6 63.9 66.7 62.7

SE 2.9 1.9 1.4 1.7

No. of observations 11 13 12 9

Page reference 1-1,1-2 1-6,1-7 1-12,1-13 1-17,1-18

Energy expenditure

(watts per 50 kg):
Mean 392 577 195 294

SE 12 67 7 50

Source: Fox, (1953), Appendix 1. Original data expressed in
kcal/h 'above basal', uncorrected for body weight;
figures in above table calculated by adding 'basal'
rate or "corrected BMR" given for each subject and then
correcting each measurement according to the weight of
the subject.
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Table 5.4 Energy expenditure of male farmers in

Nigeria: data by Phillips (1954)

Activity No. of
subjects

No. of
observations

Mean energy expenditure
(watts per 50 kg man)

Sitting 7 14 87

Standing 6 12 87

Walking 6 12 203

Head panning - 20 kg 6 12 238

- 30 kg 6 12 291

- 35 kg 5 5 343

Log carrying - 20 kg 6 12 227

Bush clearing 6 12 407

Grass cutting 6 12 302

Tree felling 5 10 552

Hoeing 6 12 296

Source: Phillips, (1954), p.16; calculated from data expressed
in kcal/h/kg body weight.

*

Note (ibid., p.13):
Total number of subjects: 7 (five labourers, one messenger,
one driver-mechanic, most cultivating small farms near
laboratory).
Average age: 29 years (SE 1.2)
Average weight: 54.7 kg (SE 2.3)



Table 5.5 Energy expenditure of male villagers In
New Guinea: data by Norgan et al (1974)

Activity Village
★

No. of
subjects

t

Page
ref.

Mean energy
expenditure
(watts per 50 kg)

Lying K 42 333 71

L 34 76

Sitting K 41 77

L 34 81

Standing K 40 82

L 32 87

Walking K (37) 340 260

L (7) 341 255

Walking slowly K (17) 340 204

L (1) 341 188

Walking around K (15) 340 147

Cycling K (1) 339 278

Clearing light bush K (4) 173

Cleaning garden K (Z) 341 192

L (6) 342 297

Clearing ground L (6) 297

Cutting grass K (17) 341 353

Cutting tree L (1) 342 353

Digging ground L (4) 358

Shovelling - road work L (1) 303

Weeding with shovel or hoe K (2) 339 192

Weeding K (4) 341 167

L (5) 342 194

* K - Kaul village (coastal)
L - Lufa village (highland)

t Bracketed figures refer to number of measurements.

Source: Norgan et al, (1974), page references as in table. Calculated from
original data expressed in kJ/min corresponding to a standard weight
of 65 kg, or, in some cases, to the 'group body mass1 of 56.3 kg for
Kaul men and 57.5 kg for Lufa men.

Note: (Ibid., p.311):
Total number of subjects: Kaul 51

Lufa 43

Average age: Kaul 34 years (SO 10)
Lufa 28 years (SD 6)

Average weight: Kaul 56.0 kg (SD 4.9)
Lufa 57.5 kg (SD 5.8)



Table 5.6 Energy expenditure of male farmers in

Upper Volta: data by Brun et al (1981)

Activity Number of
subjects

Energy expenditure
(watts per 50 kg man)

Mean SE

Lying 31 81 2.1

Sitting 33 80 2.5

Standing 29 84 2.6

Walking 25 208 7.1

Walking slowly 4 171 6.9

Walking fast 2 244 27

Cycling 12 256 20

Sowing 5 228 22

Thinning out and replanting 8 219 17

Hoeing 11 296 13

Land clearing 2 403 15

Cutting straw with a
sickle, bent forward 3 325 37

Digging the earth with
a pick-axe to make mud 2 369 58

Shovelling the mud 2 285 61

Source: Brun et al (1981), p.70; calculated from data expressed
in kJ/min corresponding to a standard weight of 60 kg.

Note: (Ibid., p.69): Total number of subjects: 30 (some
investigated twice).

Average age: 37 years (SE 2.2).
Average weight: 58.5 kg (SE 1.4).
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of the mud in a paddy field before ploughing) may also affect the
rate of energy expenditure. For instance, in assessing the energy

expenditure in weeding, Fox (32) made three measurements on each of
three subjects. The first subject was weeding a field of millet
with a moderate growth of weeds, the second a large area of ground¬
nuts overgrown with weeds, and the third a small area of groundnuts
with a light weed growth. The average rates of energy expenditure
observed were 277, 389 and 217 W/50 kg, which reflect the differences
in work load. The average of all nine measurements on weeding was

294 W, with a range of 205 W to 454 W. Other measurements on

weeding, some of which fall outside this range, may be found else¬
where. For example, Norgan et al (see Table 5.5) measured average

rates of 167 W/50 kg four Kaul men and 194 W for Lufa men. The
average of two measurements on Kaul men weeding with a shovel or

hoe was 192 W. Durnin and Passmore (1967) made measurements on

various activities involved in gardening as a recreation. For

weeding and raking they observed values of 3 to 4 kcal/min/65 kg
man, or 160 to 210 W/50 kg man (33). However, Garry et al (1955),
in measuring the energy expenditure of miners and clerks in Fife
(Scotland) obtained values for garden weeding of 4.4 kcal/min for
a 55 kg man and 5.8 kcal/min for a 64.5 kg man, equivalent to
279 and 313 W/50 kg man respectively (34).

All of this conspires to make estimations of energy expenditure
in the present study very difficult. For many activities, the range

of values available in the literature is exceedingly large, mainly
because the operations being carried out do not conform to any

standard. Accordingly, it was decided to give all estimations
of energy expenditure for activities involving movement of the body
to the nearest 50 W. For certain basic activities which do not

involve bodily movement, namely lying, sitting and standing, the
energy expenditure is small (less than 100 W) and the measurements
do not vary so much. Estimated values for these activities are

given here to the nearest 10 W.

It is to be noted that measurements of energy expenditure,
which are generally made over short periods of about 10 minutes,
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refer to the continuous execution of an activity, uninterrupted
by periods of rest. Allowance for rest must be made, of course,

especially where an arduous activitiy is continued over a long
period, but this is done separately and not incorporated in the
estimation of the metabolic rate for the activity.

The estimated rates of energy expenditure for various activities
engaged in by the village men are given in Table 5.7. In most
cases the derivation of the estimated value from the sources of

data described earlier is relatively straightforward. Four basic
activities, lying, sitting, standing and walking, which account for
a substantial proportion of the day and of the total daily energy

expenditure of both men and women in the village, are discussed here
in detail. Other activities have been discussed briefly where the
manner in which the estimated value was obtained from the data was

not clear and some explanation was considered necessary.

(i) Lying

It is commonly supposed, particularly in texts on physiology,
that there exists a fixed minimum level of metabolism on which life

depends. This level is called the basal metabolism or basal
metabolic rate (BMR). Various definitions are given in the
literature; the 1973 FAO/WHO report on energy requirements defines
the quantity as (35):

"the energy expenditure of a person who is relaxed
and comfortable in the morning soon after awakening
and 14 hours after the last meal."

A table of basal metabolic rates produced by Talbot (1938) is given
at the end of the report (36). The value for a 50 kg male is given
as 6.2 MJ per 24 hours, which is equivalent to 72 W.

Durnin and Passmore (37) disapprove of the concept of basal
metabolism. They contest that:

"The minimum rate of energy expenditure at any given
time in an animal is not always the same. It depends,
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Table 5.7 Estimated rates of energy expenditure for
various activities: village men

Activity Energy expenditure
(watts per 50 kg man)

Ml) Lying 70
M2) Sitting 80
M3) Standing 90
M4) Walking around (as in market) 150
M5) Walking slowly (4 km/h):

a) with load less than 10 kg 200
b) with load of 10-25 kg 250

M6) Walking at moderate pace (5 km/h):
a) with load less than 10 kg 250
b) with load of 10-25 kg 300

M7) Cycling at moderate speed (12 km/h):
a) with load less than 10 kg 250
b) with load of 10-25 kg 300

M8) Cycling fast (20 km/h) 450
M9) Ploughing with buffalo or two-wheel tractor 350

M10) Ploughing with four-wheel tractor 200
Mil) Ploughing by overturning soil with mammoty 500
M12) Levelling (paddy-field) with buffalo 250
M13) Levelling (paddy-field) with tractor 200
M14) Levelling (paddy-field) with hand-leveller 300
M15) Building up paddy-field ridges 400
M16) Sowing seed (broadcasting or individual planting) 250
Ml7) Uprooting and transplanting paddy 200
M18) Applying fertilizer (broadcasting or by individual

application) 250
M19) Crop spraying with backpack sprayer 250
M20) Reaping paddy 300
M21) Collecting and stacking cut paddy 300
M22) Clearing thick jungle growth 500
M23) Clearing moderate jungle growth 400
M24) Burning cut bush and trees in chena 300
M25) Hoeing and raking 300
M26) Weeding (squatting or bending down) 250
M27) Harvesting and collecting chena crops 250
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amongst other things, on the previous nutritional
history and the body temperature. It is impossible
to define 'a vital minimum'."

Accordingly, the term "resting metabolism" is used instead to
describe the energy expenditure of an individual lying at rest,
but not necessarily in a fasting condition (38). A table of the
resting rates of energy expenditure is given for people of varying
weight and fat content (39). The value given for a thin man

(5 per cent fat) weighing 50 kg is 0.99 kcal/min or 69 W. However,
it is cautioned (40) that the metabolism of people whose physique
is markedly different from the average cannot be predicted accurately.

The average resting rates of energy expenditure recorded by
Norgan et al in New Guinea were 71 W for the Kaul men and 76 W for
the Lufa men (Table 5.5), both values adjusted to a body weight
of 50 kg. A field study by Brun et al in the Upper Volta produced
a higher average of 81 W/50 kg (Table 5.6). The average of the
five values given above, including that for the BMR, is 74 W.
Rounding to the nearest 10 W gives an average energy expenditure in
lying for a male villager of 70 W.

(ii) Sitting

According to Durnin and Passmore (41), the energy expenditure
in sitting may be as little as 5 per cent or as much as 60 per cent

greater than the energy expenditure in lying level. The extra
energy is needed by the muscles used to hold the body in a sitting
posture. The average energy expenditure in sitting of 60 Scottish
men between the ages of 20 and 64 was found to be 74 W per 50 kg (42).
Higher figures are shown in Tables 5.4 to 5.6. Phillips obtained
an average of 87 W for seven Nigerian men; Norgan et al recorded
averages of 77 W for the Kaul men and 81 W for the Lufa men in
New Guinea; Brun et al observed an average of 80 W in Upper Volta.
The mean of all five values is 80 W.

(iii) Standing

For standing, the average energy expenditure of the 60 Scottish
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men studied by Durnin and Passmore (42) was 93 W. This is higher
than all of the values given in Tables 5.4 to 5.6. It is
interesting to note that Phillips (Table 5.4) obtained the same

value of 87 W for standing as for sitting. Similarly, in the
study by Brun et al the average energy expenditures recorded for
lying, sitting and standing are very close - 81 W, 80 W and 84 W
respectively (Table 5.6). Norgan et al (43) observed that the
New Guineans seem to stand in a more relaxed way than Europeans,
and suggested this as a possible explanation of the fact that their
average values for standing are lower than thosegiven by Durnin and
Passmore. The average of the values given in Tables 5.4 to 5.6,
together with Durnin and Passmore's value of 93 W, is 87 W. It is
reasonable, therefore, to assume a rounded average of 90 W for the
male adults in the present study.

(iv) Walking

There is a vast literature on the expenditure of energy in
walking. Durnin and Passmore (44) have analysed the data collected
in five classical studies on the relationship between the energy

expenditure in walking (on the level) and the speed of walking.
The agreement between the results is high and over the range of
speeds 3.5 - 6.5 km/h (2.2-4 mi/h), Durnin and Passmore found that
the relationship could be described by the linear equation,

E = 0.8 V + 0.5, (5.2)w x '

where e is the energy expenditure in kcal/min/65 kg and V is the
speed of walking in km/h. If Ew is expressed in W/50 kg, the
equation becomes,

E = 43 V + 27. (5.3)w v '

For a moderate walking speed of 5 km/h (3.1 mi/h), this gives an

energy expenditure of about 240 W. For the slower speed of 4 km/h,
the energy expenditure is about 200 W.

The subjects in these five studies were all men weighing between
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60 and 75 kg. In another study by Mahadeva et al (1953) it was

found that the energy expenditure in walking on a treadmill at a

constant speed of 3 mi/h (4.8 km/h) was linearly related to body
weight (31). The results of this study are discussed in detail
in Appendix 10. The regression equation for walking, based on

measurements on 50 subjects, may be written as,

where E is the energy expenditure in W (not per 50 kg) and Wn is the
(naked) body weight in kg. The derivation of this form of the
regression equation is given in Appendix 10 (see Equation A10.4).
For a body weight of 50 kg, the equation gives E = 261 W. Equation

w

5.3, however, gives Ew = 235 W for a speed of 3 mi/h (4.8 km/h).
The reason for the difference is simply the assumption that energy

expenditure is directly proportional to body weight, which is used
to derive Equation 5.3 from Equation 5.2. It is quite clear from
Equation 5.4 that Ew, at least in the study by Mahadeva et al, is
not directly proportional to w , but rather to Wn + 29 kg. On the
basis of this assumption, Equation 5.3 would be,

For a speed of 3 mi/h (4.8 km/h) this would give E = 256 W/50 kg,
which is much closer to the value predicted by Equation 5.4. The
reasons for assuming that energy expenditure in general is directly
proportional to body weight, despite evidence to the contrary, are

explained in Appendix 10. From the above data, it may be concluded
that the energy expenditure in walking at 5 km/h is about 250 W/50 kg
and at 4 km/hr about 200 W/50 kg.

According to Passmore and Durnin (45), the effect of walking
on a slightly uneven surface, such as a rough road or country pathway,
is unlikely to increase the energy expenditure in walking by as much
as 10 per cent. The village roads and paths are certainly no more

rough or uneven than an average English country path, if only because
they are used so frequently. The villagers all walk barefoot and are

naturally accustomed to walking on the paths in the village.

E = 3.3 (W + 29),w x n '' (5.4)

E = 47 V + 29.
w (5.5)



218

Consequently it does not seem necessary to make any correction on

this account. As the land in and around the village is also
relatively flat there is no need to consider the effect of walking
on a gradient.

Phillips (Table 5.4) gives a figure for walking of 203 W/50 kg,
which is very close to the average of 208 W/50 kg measured by
Brun et al for 25 farmers in Upper Volta (Table 5.6). Brun et al
distinguish between walking, walking slowly and walking fast, but
their figures are clearly lower than those obtained by Norgan et al
in New Guinea (Table 5.5). Neither source gives any information
on the actual speeds of walking and it is possible that the Africans
in the study by Brun et al generally walked more slowly than the
Asians studied by Norgan et al. The relationship between energy

expenditure and the speed of walking expressed in Equation 5.3 would
suggest average speeds of 4.2 and 5.3 - 5.4 km/h respectively for
these two studies.

Many studies have been made of the energy expenditure involved in
carrying loads and Passmore and Durnin (46) have reviewed the results
of a number of these. Most of the studies referred to, however, have
been carried out on only one or two subjects. The results of one

study, on a young man in Vienna (47), showed that the energy

expenditure in walking with various loads in a knapsack increased
rapidly as the speed of walking increased. For a speed of 4 to
5 km/h the energy expenditure in carrying a load of 20 kg was 15 to
20 per cent greater than the expenditure with no load. At 7 km/h,
the increment was about 30 per cent. A more recent study in Glasgow,
referred to by Durnin and Passmore (48) in their later work, gave

similar results. At 4 km/h, the average energy expenditure in
walking of 10 young men (mean weight 63 kg) was 18 per cent higher
with a load of 20 kg than with no load. At higher speeds the
percentage increase was greater: 22% at 5 km/h and 29% at 6 km/h.
For a load of 10 kg, the increase in energy expenditure was much
smaller: 3% at 4 km/h, 8% at 5 km/h and 12% at 6 km/h.

According to Durnin and Passmore (49), at low speeds small
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loads of up to 15 kg are carried with about the same efficiency
as the body weight; a 60 kg man with a 10 kg load will expend
energy at about the same rate in walking as a 70 kg man without
a load. Assuming, as do Durnin and Passmore, that energy

expenditure is directly proportional to body weight, a 63 kg man

should, therefore, expend 73/63, or 1.16 times as much energy

walking with a 10 kg load as with no load. The results of the
Glasgow study above show otherwise; at the moderate speed of
5 km/h the increase was only half as much. To obtain agreement
with this result it would have to be assumed that energy expenditure
was proportional to body weight plus 62 kg.

The results of another study quoted by Durnin and Passmore

(50), in which seven natives of Darjeeling in the Himalayas carried
various loads on a treadmill at a speed of 2 mi/h (3.2 km/h), show
an increment in energy expenditure of 29 per cent for carrying a

load of 21 kg. This is surprisingly high for such a low speed.
For smaller loads, however, the increment is much less: 19% for a

load of 16 kg and only 6% for a load of 10 kg.

The manner in which a load is carried when walking will also
affect the increase in energy expenditure. In a classicial
study carried out in 1924, Bedale (51) measured the energy

expenditure in walking with various loads supported in eight
different ways. The highest energy expenditure was observed
when the load was carried on the hip under the arm and the lowest
when the load was supported by a yoke across the shoulders. The
difference in energy expenditure between these two limits was

about 1 kcal/min for a 56 kg woman, equivalent, if the different
in sex is ignored, to about 60 W/50 kg.

From the data given in the above sources it is reasonable to
assume that the increase in the energy expenditure of walking at
a speed of 4 to 5 km/h is about 10 per cent for a load of 10 kg and
20 to 25 per cent for a load of 20 kg. For a load of 25 kg, which
in the village is probably about the maximum load which would be
carried for any distance on foot, the increase in energy expenditure
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is probably about 30 per cent. The following estimates may now

be made of the energy expenditure in walking with various loads.
All values are expressed, as before, to the nearest 50 W.

Energy expenditure Speed of walking
(W/50 kg) (km/h)

4 5

0-10 200 250
Load (kg)

10-25 250 300

(v) Other activities

The energy expenditure in other activities has been estimated
in a similar way to the above, mainly from the data in Tables 5.3 to
5.6 and from the data compiled by Durnin and Passmore in 1955 and
1967. It should be noted that in the earlier work by Passmore and
Durnin (1955), the data are in kcal/min without any correction for
body weight, although in most cases the body weight is given.

The energy expenditure in some activities has been estimated by
comparing the bodily movements involved with those required for other
activities for which values are available. For example, broadcasting
seed involves walking slowly with a small bag of seed weighing maybe
5 kg and distributing the seed with a relaxed flowing movement of
one hand. According to Durnin and Passmore (41), "quite extensive
use" may be made of the arm muscles without increasing the metabolic
rate by more than 0.5 kcal/min/65 kg man, or about 25 W/50 kg. It
is estimated, by reference to various measurements collected by
Durnin and Passmore, that the arm movements in broadcasting seed
probably involve an increase in energy expenditure of between
25 and 50 W. It has already been seen that walking slowly (at about
4 km/h) involves an energy expenditure of about 200 W/50 kg. From
the various measurements presented on the energy expenditure in walking
with loads, it can be assumed that carrying 5 kg will not increase the
above figure by more than 5 per cent, or 10 W. To the nearest 50 W,
therefore, broadcasting seed will require an energy expenditure of
250 W/50 kg.
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Broadcasting fertilizer is identical in body movement to

broadcasting seed and so will require the same energy expenditure.
Crop spraying with a backpack sprayer is also similar and,

although it involves carrying a heavier load of 15 to 20 kg, there
is less arm movement. In the same way, the individual planting
of seed and the individual application of fertilizer are very

similar in body posture and movement to weeding and so are assumed
to require the same energy expenditure of 250 W/50 kg. Burning
cut bush and trees in a chena involves carrying logs and branches
over short distances and raking together small branches and twigs.
The energy expenditure in this operation is estimated to be the
same as in hoeing and raking, that is 300 W/50 kg.

The figures for cycling are based primarily on data published
by Zuntz (52) in 1899 and by Edholm et al (53) in 1955. In both
these studies, the speed of cycling is given for each measurement.
In other works consulted, for example Garry et al (54), Norgan et al
(Table 5.5) and Brun et al (Table 5.6), the subjects were allowed
to cycle at their own pace, but this was not measured. The results
of these studies are shown in Figure 5.1. All but one of the
measurements made by Edholm et al were at a speed of 10-13 mi/h
(16-21 km/h) and these have been represented by a single point in
Figure 5.1. The other points in Figure 5.1 correspond to individual
results. The measurements made by Zuntz indicate a higher rate of
energy expenditure in cycling than those made by Edholm et al,
probably because of the different types of bicycle used. The
approximate form of the relationship between energy expenditure and
speed, based on the data of Zuntz and Edholm et al, is as shown.
It is clear that more measurements would be needed before the

relationship could be defined with any accuracy.

The values obtained by Garry et al, for miners and clerks in
Scotland, correspond, on the graph in Figure 5.1 to speeds of 16
to 24 km/h. It is interesting that the values fall into two
distinct groups, those in the lower group (speed 16 to 17 km/h)
being for miners and those in the upper group (speed 22 to 24 km/h)
for clerks. In the other two studies, by Norgan et al and Brun et al,
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Figure 5.1 Relationship between energy

expenditure and speed in cycling
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where the bicycles and road conditions are probably similar to
those in the present study, the figures given would correspond
to speeds of 12 to 14 km/h. This is about the average speed
observed by the writer in the village. For a speed of 12 km/h,
the graph in Figure 5.1 gives an energy expenditure of 250 W/50 kg,
and for a speed of 20 km/h, such as a young man in the village would
be capable of on a good road, an energy expenditure of 450 W/50 kg.
The effect of carrying loads on the back of the bicycle (at a speed
of 12 km/h) is assumed to be the same as for walking, that is, an

increase in energy expenditure of about 10 per cent for a load of
10 kg and about 30 per cent for a load of 25 kg.

In estimating the energy expenditure in agricultural activities,
it is important to establish whether activities described in the same

way by different writers are in fact the same from a physiological
point of view. For example, the clearing of shrubs and dry grass

by farmers of the Mandingo tribe in the Gambia has been described by
Fox (55) as follows:

'A knife up to two feet in length is held in one hand
and a stick in the other. The grass and weeks are
bent by the stick and then cut close to the ground by
powerful slashing strokes with the knife.

The worker slowly walks
forward in a stooping position, clearing the ground
as he advances.'

This is quite different from the clearing of chena land in the Dry
Zone of Sri Lanka where the instrument used, a ket-i, consists of a

short curved metal blade about 5 cm wide, fitted at the end of thick
wooden handle about 1 m long. The worker stands with his legs astride
and chops down the bush and undergrowth, which may be 3 or 4 m high,
with long sweeping strokes. These usually start with the handle of
the keti held (with both hands) at shoulder height and the blade behind
the back. The work is clearly different from the clearing operation
described by Fox and almost certainly more strenuous.

Similarly, the agricultural operation described by Fox as

'ridging' is quite different from the operation in paddy cultivation
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which bears the same name in Sri Lanka. Fox's operation involves
turning over the soil in a field with a tool called a 'Dabo',
which consists of a wide metal blade about 40 cm long attached at
an angle of about 30° to a wooden handle (55). 'Ridging' in
Sri Lanka refers to the building up of the ridges or 'bunds' which
retain the water in a paddy field; it is carried out with the aid
of a mcrnnoty , which consists of a large square-shaped blade attached
at right angles to a wooden pole 70 to 100 cm long. The operation
is carried out with the body in an almost vertical posture, whereas
Fox's operation requires the body to be bent down, with the hands
at ground level. To avoid confusion the ridging operation in the
village has been described as 'building up paddy field ridges' in
Table 5.7. From observation it is estimated that this activitiy
involves an energy expenditure similar to that required in clearing
moderate jungle growth (M23), that is about 400 W/50 kg.

No data are given in Tables 5.3 to 5.6 on the energy expenditure
in ploughing. The figures given in Table 5.7 (M9, Ml0) are derived
from data quoted by Passmore and Durnin (1955). In particular, the
energy expenditure in horse ploughing and tractor ploughing have been
compared in Germany by Hettinger and Wirths (1953a and 1953b).
Average values equivalent to about 250 and 290 W/50 kg for horse
ploughing (two types of plough), and 200 W/50 kg for tractor ploughing,
were obtained (56). Other measurements on ploughing (presumably
horse ploughing) made by Kahn et al (1933) in Russia range from 270
to 420 W/50 kg (57). Walking behind a plough in thick mud (sometimes
knee-deep), as is required in ploughing a paddy field by buffalo, or

with a two-wheel tractor, is probably harder than the horse ploughing
observed above, and a value of 350 W/50 kg seems reasonable for this
task. The value of 200 W/50 kg for tractor ploughing is within the

range of 130 - 240 W/50 kg estimated by Durnin and Passmore (58), and
is therefore used here. The same value is assumed for levelling a

paddy field by tractor (M13), but for levelling with buffaloes (ml2),
where the farmer stands on a levelling board drawn behind the
buffaloes and only occasionally has to walk in the mud, the value of
250 W seems reasonable.
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Female energy expenditure

Data on the energy expenditure of women in various tasks are

more sparse than those for men. Three original studies have been
consulted here, two of which, those carried out by Fox (1953) in
the Gambia and by Norgan et al (1974) in Papua New Guinea, have
already been referred to. The third study was conducted in Upper
Volta by Bleiberg et al (1980), in conjunction with that carried out
by Brun et al (1981), also referred to earlier. The relevant data
from these investigations are given in Tables 5.8 to 5.10, expressed
in watts per 45 kg woman. The reviews of data by Durnin and
Passmore in 1955 and 1967 were also consulted, although the former
contains relatively little data on rates of energy expenditure for
women.

Most of the comments regarding the estimation of rates of
energy expenditure for the village men apply also here. Except
for the three basic activities, lying, sitting and standing, where
the estimated values are given to the nearest 10 W, rates of energy

expenditure are estimated, as before, to the nearest 50 W. The
activities of interest here are not, of course, excactly the same

as those listed in Table 5.7. Most agricultural activities are

carried out exclusively by men and most domestic activities exclusively
by women. There are some less arduous agricultural activities in
which both sexes engage and one, the uprooting and transplanting of
rice paddy which is carried out mainly by women. The estimated
rates of energy expenditure for these and other activities in which
the women engage are given in Table 5.11. As before, only the
values for lying, sitting, standing and walking are discussed in
detail.

(i) Lying, sitting and standing

The rates of energy expenditure for lying, sitting and standing
have been estimated in the same way as for the village men. The

average of the values given in Tables 5.9 and 5.10, in addition to
those given by Durnin and Passmore (59), are 66, 71 and 78 W/45 kg
respectively. The basal metabolic rate of a 45 kg woman, calculated



e 5.8 Energy expenditure of female farmers
in Gambia: data by Fox (1953)

Activity Hoeing * Pounding
rice

No. of subjects 3 4

Age (y): Mean 23 24

SE 3.7 2.1

Weight (kg): Mean 54 57

SE 3.1 4.8

No. of observations 10 * 15

Page reference 1-22,1-23 1-27,1-28

Energy expenditure
(watts per 45 kg):

Mean 342 286

SE 40 26

Source: Same as for Table 5.3.

* All measurements on first hoeing. One measurement made
on second hoeing but result not included in calculation
of average energy expenditure.
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Table 5,9 Energy expenditure of female villagers in
Hew Guinea: data by Norgan et al (1974)

Activity Vi1lage No. of Page Mean energy expenditure
* subjects

t
ref. (watts per 45 kg)

Lying K 41 333 67

L 31 70

Sitting K 41 71

L 29 77

Standing K 41 78

L 30 81

Walking K (26) 340 228

L (3) 341 205

Walking slowly K (10) 340 170

Walking around K (16) 117

L (2) 341 149

Squeezing coconut K (2) 339 137

Peeling taro (33) 98

Peeling sweet potato L (?) 340 80

Roasting corn O) 74

Sweeping K (7) 339 143

Washing clothes (3) 156

Clearing ground L (6) 342 205

Digging ground (9) 262

Weeding K (12) 341 150

L (8) 342 162

Cleaning garden K (4) 341 228

Planting taro (6) 203

Planting sweet potato L (3) 342 262

Digging taro K (10) 341 170

Collecting sweet potato L (9) 342 168

Picking coffee (10) 194

Cutting grass K (5) 341 281

* K - Kaul village (coastal)
L - Lufa village (highland)

t Bracketed figures refer to number of measurements.

Source: Norgan et al, (1974), page references as in table. Calculated from
original data expressed in kO/min corresponding to a standard weight
of 55 kg, or, in some cases, to the 'group body mass1 of 48.1 kg
for Kaul women and 50.5 kg for Lufa women.

Note: (Ibid., p.311):
Total number of subjects: Kaul 69

Lufa 41

Average age: Kaul 31 years (SD 10)
Lufa 25 years (SO 6)

Average weight: Kaul 47.3 kg (SD 5.9)
Lufa 50.9 kg (SO 6.1)
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Table 5.10 Energy expenditure of female farmers in

Upper Volta: data by Bleiberg et al (1980)

Activity No. of
subjects

Energy expenditure
(watts per 45 kg woman

Mean SE

Lying 29 71 2.3

Sitting 27 74 2.6

Standing 27 77 2.7

Walking 18 172 7.5

Sowing 4 217 22

Thining out and replanting 5 203 19

Hoeing 11 247 15

Grinding grain on a millstone 24 237 10

Pounding 32 259 12

Fetching water from well 21 233 7.1

Fetching water from the
swamp 2 221 7.4

Washing clothes 3 184 23

Stirring sorghum or millet
porridge 7 213 23

Source: Bleiberg et al, (1980), p.75; calculated from data
expressed in kJ/min corresponding to a standard
weight of 55 kg.

Note: (Ibid.): Total number of subjects: 15 (some investigated
more than once)
Average age: 31 years (SE 2.5)
Average weight: 50.6 kg (SE 1.8)
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Table 5.11 Estimated rates of energy expenditure for
various activities: village women

Activity Energy expenditure
(watts per 45 kg woman)

F1) Lying 60
F2) Sitting 70
F3) Standing 80
F4) Walking around (as in market) 100
F5) Walking slowly (about 3 km/h) 150
F6) Walking at moderate pace (5 km/h):

a) with load less than 10 kg 200
b) with load of 10-25 kg 250

F7) Uprooting and transplanting paddy 200
F8) Reaping paddy 250
F9) Hoeing and raking 250

F10) Sowing seeds or plants 200
Fll) Weeding (squatting or bending down) 200
F12) Harvesting and collecting chena crops 200
F13) Pounding rice (with mortar and pestle) 250
F14) Grinding grain (mainly kurakkan) on millstone 250
F15) Preparing food and cooking 150
F16) Fetching water from well 250
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from the tables produced by Talbot (1938), is 64 W. Inclusion
of this value does not alter the average for lying of 66 W.
However, Norgan et al (60) point out that the values which they
obtained for lying (see Tables 5.5 and 5.9) are higher than
expected, particularly for the women. Furthermore, Bleiberg
et al (61) estimate that the BMR for the subjects in their study
is 15 per cent less than the value which they obtained for lying.
Accordingly, it was decided to round the average value for lying
down to 60 W rather than up to 70 W. For sitting and standing,
rounded values of 70 W and 80 W are assumed.

(ii) Walking

It was observed that the women in the village generally walk
slower than the men: an average speed of 4 km/h would seem

reasonable. Using data from several different sources, Durnin and
Passmore (62) have compiled a table showing the effect of body
weight (lb) and speed (mi/h) on the energy expenditure in walking
(kcal/min). The figures in this table, which Durnin and Passmore
found to be equally accurate for both sexes, have been analysed in
Appendix 10. For a speed of 2.5 mi/h (4.0 km/h) and a gross body
weight (including 3 kg clothing) of 48 kg, the energy expenditure
(calculated by the regression line in Table A10.2) is 2.85 kcal/min
or 198 W. This agrees reasonably well with the figures given in
Tables 5.9 and 5.10 for walking at a normal pace (not measured).
Accordingly, it was assumed that, to the nearest 50 W, the energy

expenditure in walking at 4 km/h is 200 W/45 kg. The effect of

carrying loads was assumed to be the same as for the village men,

so that the above value is unaltered for loads up to 10 kg, but
increased to 250 W/45 kg for loads of 10 to 25 kg. For walking
slowly, at say 3 km/h, extrapolation of the data tabulated by
Durnin and Passmore gives an energy expenditure of about 150 W for
a gross body weight of 48 kg. This is close to the average of
170 W/45 kg measured for 10 Kaul women by Norgan et al (see Table 5.9).
The average rates of energy expenditure measured by Norgan et al for
"walking around" are 149 W for the Lufa women and 117 W for the
Kaul women. However, as the former value is based on only 2
measurements and the latter on 16, a rounded value of 100 W is
assumed here.
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(iii) Other activities

Six agricultural activities are included in Table 5.11. The

energy expenditure in these activities is estimated from the values

given in Tables 5.8 to 5.10 and by comparison with the corresponding
values estimated for the village men in Table 5.7. For hoeing, the
average value of 342 W measured by Fox (Table 5.8) is much higher
than the figure of 247 W recorded by Bleiberg et al (Table 5.10).
However, the operation as described by Fox (63) is much more strenuous
than one would expect. The hoe stands almost as high as the worker
herself, and in use it is raised above the head and brought down on

the ground in a swift movement with both hands. The work is carried
out at a very steady rate without any apparent changes in the
intensity of effort, and rest periods are taken at frequent intervals.
The average energy expenditure recorded by Norgan et al (Table 5.9)
for garden cleaning, which is presumably similar to hoeing and raking,
is 228 W. Furthermore, a rounded figure for hoeing and raking of
300 W/50 kg has been estimated in Table 5.7 for the village men.

Accordingly, a value of 250 W/45 kg is assumed here for the women.

The figure of 200 W/45 kg given in Table 5.11 for sowing seeds
or plants and also for harvesting and collecting chena crops has been
obtained by rounding the weighted averages (weighted according to
the number of measurements or subjects) of the appropriate figures
in Tables 5.9 and 5.10. For weeding, a rounded figure of 250/50 kg
has been given in Table 5.11 for the village men. The same value
has been estimated for sowing seeds and plants and for harvesting
and collecting chena crops. Accordingly it would be expected that
the energy expenditure in weeding by the women in the village would
be about 200 W/45 kg. The averages obtained by Norgan et al (Table
5.9) for the Kaul and Lufa women are somewhat lower than this, 150
and 162 W/45 kg respectively. However, it will be recalled that
the averages reported by Norgan et al for the men, 167 and 194 W/50 kg
respectively (Table 5.5) are low compared to other figures for weeding,
notably those of Fox (Table 5.3). Hence it was decided to assume a

value for weeding of 200 W/45 kg in Table 5.11.

Four domestic activities are considered in Table 5.11.
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Measurements on pounding rice were made by both Fox (Table 5.8)
and Bleiberg et al (Table 5.10). The average values obtained,
286 and 259 W/45 kg respectively, are remarkably close and a

rounded figure of 250 W is assumed here. Measurements of the energy

expenditure in preparing food and cooking in Papua New Guinea
(squeezing coconut, peeling taro, peeling sweet potato and roasting
corn) have been made by Norgan et al (Table 5.9) and average about
100 W. On the basis of numerous measurements, Durnin and Passmore

(64) have graded the energy expenditure in various domestic tasks
and whilst 'peeling potatoes' and 'preparing vegetables' are

estimated to require 1.5 - 1.9 kcal/min/55 kg (86 - 108 W/45 kg),
'cooking' and 'preparing a meal' are placed in a higher grade
requiring 2.0 - 2.9 kcal/min/55 kg (114 - 165 W/45 kg). The mean

of the latter range of values is 140 W/45 kg. Durnin and Passmore
explain that the reason for the difference in grades is that cooking
usually involves greater movement around the kitchen than preparing
vegetables. In the village, the preparation of a meal certainly
involves a considerable degree of movement around the kitchen area

and consequently a rounded value of 150 W/45 kg has been assumed.

Measurements on fetching water from the well, made on 21 subjects
by Bleiberg et al (Table 5.10), averaged 233 W. This has been
rounded up to 250 W, which is the same as the energy expenditure
estimated for walking at 4 km/hr with a load of 10-25 kg. Lower
figures have been estimated by White et al (1972) for carrying water
(65): 200 kcal/h/54 kg woman (194 W/45 kg) for walking at about
4 km/h with a load of 14 kg and 211 kcal/h/54 kg (204 W/45 kg) for
walking (at the same speed) with a load of 20 kg. However these
figures appear to have been based on rather scant data.

Average energy expenditure in work

The rates of energy expenditure for the various activities
- involving body movement which are given in Table 5.7 vary between

150 and 500 W/50 kg. Most of the values lie between 200 and
300 W/50 kg inclusive. For the village women (Table 5.11), the
range of values is much smaller, 100 to 250 W/45 kg, with most of
the activities listed involving energy expenditures of 200 or 250 W/45 kg.
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Durnin and Passmore (66) have produced a grading system for
industrial work which is given in Table 5.12. The grades for men

are those derived by Christensen (67) in 1953 from the results of
a study on energy expenditure in the Swedish steel industry. The
grades for women have been produced by Durnin and Passmore. The
original grading system in kcal/min, expressed to the nearest
0.1 kcal/min for a 65 kg man and a 55 kg women, has been converted
in Table 5.12 to an equivalent system in watts, expressed to the
nearest 50 W for a 50 kg man and a 45 kg woman. According to this
classification, most of the activities listed for men in Table 5.7
involve light or moderate work, but some involve heavy work. The
majority of the activities listed for women in Table 5.11 involve
moderate work.

Although some activities involving light work can be carried
out for long periods without rest, there are many activities in
agriculture and industry where frequent rest pauses are necessary

if the work is to be continued for any length of time. Strenuous
exercise results in the accumulation of lactic acid in the tissues

and in the blood. This induces a state of acidosis which causes

great discomfort and makes muscular movement difficult. The lactic
acid is produced from glycogen in the muscle in an exothermic reaction
which takes place when there is an insufficient supply of oxygen to
the tissues to allow the complete oxidation of the glycogen. It is
not clear at what rate of energy expenditure the production of lactic
acid normally begins. According to Durnin and Passmore (68), the
"aerobic capcity" corresponds to an oxygen consumption of 1.1 -

1.7 7/min/65 kg man, which is equivalent to an energy expenditure
of about 5.5 - 8.5 kcal/min/65 kg or 300 - 460 W/50 kg. If the
rate of energy expenditure exceeds this level, the concentration of
lactic acid in the blood will rise and the subject will become

fatigued. Margaria (1973), on the other hand, found that the
production of lactic acid usually began only when the energy

expenditure exceeded 0.22 kcal/min per kg of body weight, or about
770 W/50 kg (69). For athletes, the limit was found to be even

higher, about 0.28 kcal/min per kg of body weight or 980 W/50 kg (70).
Margaria (71) accepts that lactic acid may sometimes be produced in



Table 5.12 Grading system for industrial work

Energy expenditure

Light
Moderate

Heavy
Very heavy
Unduly heavy

Men

kcal/min/65 kg

2.0 - 4.9

5.0 - 7.4

7.5 - 9.9

10.0 - 12.4

12.5 -

Women

kcal/min/55 kg

1.5 - 3.4

3.5 - 5.4

5.5 - 7.4

7.5 - 9.4

9.5 -

(All ranges inclusive)

W/50 kg W/45 kg

Light 150 - 250 100 - 150
Moderate 300 - 350 200 - 300

Heavy 400 - 500 350 - 400
Very heavy 550 - 650 450 - 500
Unduly heavy 700 - 550 -

(All ranges inclusive)

Source: Durnin and Passmore, (1967), p.47. Original table in
kcal/min at top.

Note: Interval of 0.1 kcal/min between ranges at top due to
rounding of all values to nearest 0.1 kcal/min. Lower
limit of each range at top assumed to be 0.05 kcal/min
less than stated. Thus for "heavy" work, lower limit
for men is 7.45 kcal/min/65 kg (399.6 W/50 kg), not
7.5 kcal/min/65 kg (402.3 W/50 kg), so that 400 W/50 kg
is "heavy" work.
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"submaximal" exercise, at rates as low as 60 - 70 per cent of the
maximum levels given above. He suggests, however, that this may

be because the oxidative processes in the muscle take some time to
respond to an increased energy expenditure by the muscle; experiments
carried out on a subject consuming oxygen at 70 to 100 per cent of
his maximum rate showed that the lactic acid content of the blood

increased during the first few minutes but then became constant
or decreased.

Most of the work carried out by Margaria appears to concern the
expenditure of energy over short periods, in particular by athletes.
It is difficult to conceive of anyone working continuously, at the high
rates of energy expenditure which Margaria claims are possible without
an accumulation of lactic acid in the body, for long periods of, say,

eight hours. Passmore and Durnin (72) refer to estimates made by
various workers which indicate that the maximum average energy

expenditure which can be maintained by a man over a long period,
without growing fatigue, is 5 kcal/min, or, assuming that this limit
refers to a body weight of 65 kg, about 270 W/50 kg. Apparently,
a man should be able to maintain this rate of energy expenditure
eight hours a day and six days a week. If the work being carried
out involves an expenditure of energy in excess of the limit, then
rest periods will be required. According to Durnin and Passmore (73)
if the work involves an energy expenditure of 10 kcal/min, or twice
the limit, then for every period of work an equal period of rest will
be needed. This assumes that there is no expenditure of energy in
resting. In fact, if the rest periods are spent standing, the
energy expenditure in resting will be about one third of the limit
(see Table 5.7). Hence for work involving an energy expenditure
of twice the limit, the time spent resting will need to be 50 per cent

greater than the time spent working.

No figures are given in this regard for women, but, if it is
assumed that the limiting average energy expenditure is about
three times the energy expenditure in standing (as it is for the
village men), then the limit for women will be about 4.2 kcal/min/55 kg
or 240 W/45 kg (see Table 5.11). The grades given in Table 5.12 are



about 75 - 80 per cent less for the women than for the men (assuming
body weights of 45 and 50 kg respectively). This suggests a

limiting average energy expenditure for the women of about 210 W/45 kg
These estimates are, of course, only approximate, but it is reason¬

able to assume here that the limiting average energy expenditure over

a period of eight hours work will be between 250 and 300 W/50 kg for
the village men and between 200 and 250 W/45 kg for the village women.

Judging from the figures in Tables 5.7 and 5.11, the average

rates of energy expenditure in work by the villagers will be of
approximately the same magnitude. Allowing for periods of rest,
the overall average rates in work during a day will be below the
limits.

The total daily requirements of energy by the village men and
women have already been discussed. The average daily requirement
of a village man was estimated to be 10.8 MJ (see Section 1 of
this chapter) and it was assumed that a village woman would require
about 80 per cent of this (see Section 1 and Appendix 8, Table A8.1)
or 8.6 MJ per day. Table 5.13 shows how these requirements, which
are assumed to equal the actual total expenditures of energy in a

day, may be divided according to activity. The rates for sleeping
are the same as those given for lying in Tables 5.7 and 5.11.
Basic necessities, namely dressing, washing and eating, and
recreations, which in the village are mainly talking, chewing
betel, visiting and, occasionally, reading, require only a small
expenditure of energy. They involve mostly sitting, standing and
walking around. Of the eight hours spent in such activities, a

village man, for example, might spend 4 hours sitting (80 W), 2
hours standing (90 W) and 2 hours walking around (150 W), giving a

total of 2.88 MJ or, on average over the 8 hours, 100 W. Accordingly
average rates for basic necessities and recreation of 100 W/50 kg
man and 90 W/45 kg woman are assumed here; they are slightly higher
than the estimated rates for standing.

The rates for working in Table 5.13 have been calculated by
difference. For a village man, the total daily energy expenditure



Table 5.13 Division of total daily energy

expenditure by activity for village men and women

Activity

Village man

Sleep (8 h)
Basic necessities

and recreation (8 h)
Work (8 h)

Village woman

Sleep (8 h)
Basic necessities

and recreation (8 h)
Work (8 h)

Rate of energy

expenditure
(watts)

Total energy

expenditure

(MO)

70 2.0

100

205

2.9

5.9

10.8

60

90

150

1.7

2.6

4.3

8.6

Source: See text.
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of 10.8 MJ may be obtained by assuming an average energy expenditure
in working of 205 W. As the rates estimated for the first two
activities in Table 5.13 are only approximate it is reasonable to
round this figure down to 200 W. For a village woman the average

rate during 8 hours work is 150 W. Both these rates are below
the respective limiting averages estimated above.

It should be noted that the total male adult energy expenditure
of 10.8 MJ/day is based on the measured average body weight of
48.6 kg whereas the rates assumed in Table 5.13 for sleeping, and
for basic necessities and recreation, have been estimated for a

rounded body weight of 50 kg. The difference in weights is small,
however, and to the nearest 10 W, these rates will be the same for
a body weight of 48.6 kg.

The assumption that the day is equally divided between the
three activities in Table 5.13 is not based on any precise measure¬

ments. This division of time is, however, commonly assumed elsewhere
(74) and, in the light of casual observations made by the writer, is
not unreasonable for the village under study. Although the villagers
are primarily farmers, "work" is taken here to include a number of
non-agricultural activities which might elsewhere be regarded as

recreations. In an industrial society it is relatively easy to

distinguish "work", which is remunerative, from "non-occupational
activities" which are generally not. In a peasant society, on the
other hand, there are many tasks to be carried out, such as house

building and repairs and the making and mending of certain tools,
which, in an industrial society, would normally be carried out by
specialist craftsmen. Work in the village is assumed to include
these tasks and others, such as going to the market, going to the
mill (or pounding the rice at home), collecting water from the
well, cooking, washing clothes, chopping firewood and handicrafts
(e.g. making reed mats).

The figure of 8 hours work per day is an estimated average for
the whole year. During periods of peak agricultural activity, both
men and women may work for 10 or 11 hours a day, and in certain
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instances, even longer. For example, the threshing of rice paddy
is quite often carried out at night, rather than during the day,
because it is cooler and the buffaloes can work longer without rest.
The village men may then work almost non-stop throughout the night
and the following day, and perhaps even for a further night. Even
when there is little or no agricultural activity, other work will
still have to be carried out, particularly by the women, who are

engaged daily in cooking, washing clothes and collecting water from
the well. It is rare for the men or women in the village to do less
than 4 hours work in a day.

The average of eight hours work per day is assumed to include
short rest periods but not breaks for meals or tea. As explained
above, at high average rates of energy expenditure, there is a

physiological need for rest if the worker is to continue working
without increasing fatigue. However, even when the rate of energy

expenditure in work is relatively low (below 270 W/50 kg man), the
worker may still take small rest pauses, either to relax muscles
held in tension (as in crouching or bending down) or as a relief
from the monotony of his work. From observations made in various
agricultural activities it is estimated that on average 20 to 30 per

cent, or about one quarter, of the time spent working is accounted
for by rest periods. Thus of the eight hours of work per day, about
six hours is spent actually working; this is equivalent to about
2200 hours per year.

5.3 Assessment of human energy contribution in work

Human labour is an important factor of production in agriculture,
particularly in the developing countries. Its contribution to the
total input of energy in an agricultural production system has been
calculated by energy analysts in a number of different ways.

For Third World agricultural communities, Makhijani and Poole
(1975) define the "gross energy input" corresponding to human
labour as the total intake of food energy by all the people in the
community (75). They consider the use of energy in six hypothetical
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villages, supposedly typical of those in the rural areas of India,
China, Tanzania, Nigeria, Mexico and Bolivia. The average per

capita consumption of food energy is taken to be 8,000 Btu/d

(8.4 MJ/d) for all the villages except Arango in Mexico, where
it is assumed to be 10,000 Btu/d or 10.6 MJ/d (76). In addition
to the "gross energy input", Makhijani and Poole also calculate,
for each energy source, what they call the "useful energy". This
term is described in some detail (77) but it is, nevertheless, very

loosely defined:

"As far as farm work and irrigation are concerned, we
define useful energy as the amount of energy developed
at the plow [plough] or the shaft of the pump."

The purpose of introducing the term is apparently to allow a direct
comparison of energy use between agricultural systems using different
technologies. Makhijani and Poole explain that:

"A unit of useful energy delivered in a given time to the
shaft of a mechanical pump or a tractor is comparable to a
unit of useful energy at the shaft of a foot pump or an
ox-driven plow [plough]."

However, the usefulness of the term is limited. The plough which
is used behind a tractor is quite different, both in design and
material, from the plough used with draught animals. Thus a unit
of "useful energy" delivered by a tractor will not necessarily have
the same effect, in terms of the area of land ploughed, as a unit
of "useful energy" from an ox-drawn plough. Even if the term can

be applied in comparing the use of different sources of energy for
the same final application, it is difficult to see what meaning it
might have when used collectively in reference to several different
applications. The definition of "useful energy" given by Makhijani
and Poole for ploughing and water pumping cannot be extended to other
applications or uses of energy such as felling trees, weeding, cooking
or washing clothes. In these instances, the definition would
inevitably be arbitrary. The "useful energy" associated with the
input of fertilizers to agriculture is defined by Makhijani and
Poole as follows:
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"For chemical fertilizers, we assume that the amount
of useful energy is equal to the amount of energy
required to produce the fertilizer. This is not a
very satisfactory definition, but we resort to it
because of the empirical difficulties associated with
using a more rational measure."

This definition is clearly different from that given for ploughing
and water pumping. Consequently it is difficult to see how
measures of "useful energy" derived for these different applications
can be added together to obtain a total quantity of "useful energy",
as Makhijani and Poole have tried to do.

On the assumption that draught animals are capable of doing
external work at the rate of about 0.5 hp (373 W) and are used for
about 1,000 hours per year, Makhijani and Poole estimate an

efficiency (useful energy/total energy input) for draught animals
of about 5 per cent. The calculation for human labour was

apparently similar except that only 40 to 50 per cent of the population
are available for work. Makhijani and Poole assume an efficiency
of 2.5 to 3 per cent and it appears that this estimate has been used
to calculate the "useful energy" for human labour in the tables of
energy use for the six hypothetical villages (76). Farm work is
assumed to account for only half of the human labour except for two

villages, Kilombero in Tanzania and Batagawara in Nigeria, where a

figure of 75 per cent is assumed since draught animals or machines
are little used (78).

In estimating the inputs of energy to corn production in the
U.S.A., Pimentel et al (1973) assume that the weekly intake of food
energy by a farm labourer is 21,770 kcal (91.1 MJ) and that he works
40 hours each week (79). The energy input corresponding to a given
number of hours of work is calculated proportionately, giving an

energy input per hour of 544 kcal (2.28 MJ); this is equivalent to
633 W. The same calculation was later <used by Pimentel to quantify
the energy input for human labour in other agricultural production
systems, including corn production in Mexico, Guatemala, Nigeria
and the Philippines, rice production in Japan and the Philippines
and wheat production in India (80). No account was taken of differences
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in body weight between workers in these countries and those in
the United States, although this could have a significant effect
on the above figures. In the present study, for example, a village
farmer weighing about 50 kg consumes an estimated 10.8 MJ of
available energy per day, giving a weekly total of 75.6 MJ and,
assuming 40 hours of work per week, an energy input per hour of
work of 1.9 MJ. This is 17 per cent less than the figure above.
If it is assumed, as in the present study, that the farmer works
for 56 hours per week, the energy input per hour of work is even

less: 1.35 MJ/h or 375 W.

It is clear that both Makhijani and Poole and Pimentel et al

include, in their estimations of the energy input for human labour,
energy expended by the labourers or their dependants outside work.
Black (1971), Leach (1975) and Revelle (1976), on the other hand,
consider only the energy expended by the labourers themselves during
work. Black (81) estimates an average energy expenditure of
150 kcal/h (170 W) for all human cultivators, although it is
emphasised that this figure is only approximate. Leach (82) assumed an

energy input of 0.8 MJ/h (220 W) in most of the energy budgets he
has prepared. Neither of these figures is very different from the
average rate of energy expenditure in work (205 W) estimated for the
village men in the present study (Table 5.13). For the IKung bushmen
of the Kalahari, Leach (83) refers to the results of a study by Lee
(1969) and derives an energy input for labour of 0.57 MJ/h (160 W).
This figure is calculated by assuming an adult food energy consumption
of 8.4 MJ/d, divided into eight hours resting at 0.19 MJ/h (53 W),
eight hours other activities at 0.29 MJ/h (81 W) and eight hours food
gathering at 0.57 MJ/h. In fact Lee (84) calculated an average

consumption of food energy per capita of 2140 kcal/d (8.95 MJ/d),
which Leach mistakenly quotes as 8.27 MJ/d. Children under 15
accounted for 35 per cent of the population studied, and therefore
the average adult consumption would probably be between 10 and 11 MJ/d,
not 8.4 MJ/d (85). Accordingly, the rate of energy expenditure in
work would be about 0.7 MJ/h (190 W). For allotment gardening in
the U.K., Leach (86) assumes an energy input for labour of 1.0 MJ/h
(280 W), and for winter lettuce growing (87), 0.7 MJ/h (190 W).
However, the source of these figures is not given.
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Revelle (88) bases his estimates of the energy expended in
work on the data summarised by Passmore and Durnin (1955). However,
some of his calculations are inconsistent with the assumptions he
claims to make. From data collected by Passmore and Durnin on

unmechanised agriculture, the average energy expenditure in a

variety of agricultural tasks is estimated by Revelle to be 6.0 kcal/min
for men with a mean body weight of about 65 kg (89); this is equivalent
to 320 W/50 kg. For women, Revelle (90) estimates an average of
4.7 kcal/min/55 kg (270 W/45 kg). It is pointed out that the average

rates of energy expenditure observed during working hours will be
lower than the rates measured for specific tasks because of time
spent resting. As an example, Revelle quotes from Passmore and
Durnin thd case of a miner whose average energy expenditure during
work was observed to be 269 kcal/h or 4.5 kcal/min even though the
average energy expenditure for individual tasks was 6.7 kcal/min.
(Reference to the original work (91) shows that the average energy

expenditure in individual tasks was not 6.7 kcal/min but 6.5 kcal/min;
the weighted average was only 6.3 kcal/min.) For an Indian rural
worker, Revelle estimates from the data of Passmore and Durnin, an

average energy expenditure in agricultural work of 250 kcal/h, which
is assumed to be 70 per cent of the energy used in specific tasks (92).
This agrees with the figure of 6.0 kcal/min quoted earlier but clearly
no allowance has been made for the fact that an average Indian worker
will weigh less than 65 kg. Yet in the final table showing the
total expenditure of human energy for different occupations in
rural India (88), Revelle states:

"The energy per hour expended in work is estimated
from data given for various tasks by Passmore and
Durnin, multiplied by 0.7 to account for the fact that
humans in India have smaller body sizes than the workers
described by Passmore and Durnin and for observed
differences between energy expended per hour while
working and energy required for specific work tasks."

The average body weight of a male worker in rural India is probably
about 50 kg. Assuming, as is normal, that energy expenditure is
directly proportional to body weight, the correction factor for
the difference in body weight will be 50/65 or 0.77. The overall
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correction factor should be, therefore, 0.77 x 0.7, or 0.54. On
this basis the figure of 6.0 kcal/min/65 kg would become 190 kcal/h/50 kg
rather than 250 kcal/h. This is equal to about 230 W/50 kg and is
not much larger than the average rate of energy expenditure in work
(205 W) estimated for the village men in the present study (Table 5.13).
Similarly, for female cultivators in rural India, Revelle's estimated
energy expenditure in work of 200 kcal/h should be, assuming a body
weight of 45 kg,

^ x 0.7 x 4.7 x 60 « 160 kcal/h.

This is equal to about 190 W/45 kg, which is somewhat higher than the
average rate estimated for the village women (150 W) in the present
study (Table 5.13).

One of the earliest attempts to assess the expenditure of human
energy involved in the production of agricultural crops was made by
Fox (1953) in the Gambia. The energy expended in various agricultural
tasks was determined by measurements of oxygen consumption made with a

Douglas bag (93). These measurements have already been summarised
in Tables 5.3 and 5.8 of the present study. Records were also kept
of the number of hours spent by men and women in working on each crop

and in walking to and from the cultivation areas (94). However, Fox
expresses all of his data on rates of energy expenditure in kcal/h
above "basal" (95), a practice which was quite common at one time.
The "basal" rate, which included an allowance for the specific dynamic
action (SDA) or "heat increment of eating", was calculated separately
for each subject in the experiments on energy expenditure, and was

also estimated for all age groups in the population (96). Fox (97)
divides the total expenditure of human energy in the village during
a year, 306 million kcal (1.3 TJ), into four components: basal (73%),
crop cultivation (13%), paid labour and communal groundnut farm (3%)
and other activities (11%).

It is calculated (98) that the average quantity of energy

expended (above basal) by a male farmer in crop cultivation, including
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the energy required in walking to and from the cultivation area, is

108,203 kcal (450 MJ). The average time spent by a male farmer in

crop cultivation is 571 hours (94), giving a mean rate of energy

expenditure (above basal) of about 190 kcal/h (220 W). The basal
energy expenditure of the male farmers averages about 1490 kcal/day,
or 72 W (99), and their average weight is 54 kg (100). Accordingly,
the average rate of energy expenditure during work, including the
basal rate, is equivalent to about 270 W/50 kg man, which is substan¬
tially higher than the average of about 200 W estimated for the
village men in the present study. Although Fox made measurements
of energy expenditure on only six activities, his estimate of the
total energy expenditure in crop cultivation is very carefully
worked out, with a detailed assessment of the effect of resting
periods on the average rate of energy expenditure (101). However,
Fox's data refer only to agricultural work, whereas "work" in the
present study is assumed to include other work activities which are

probably less strenuous, in general, than agricultural work. The
average rate of energy expenditure of the female farmers in Fox's
study can be shown, in the same way as above, to be about 180 W/45 kg,
which is again higher than the estimated average of 150 W for the
village women in the present study.

Other methods of accounting for human energy have been used
by various workers. In particular, Desai (1978) and Briscoe (1979)
have both sought to estimate the quantity of "useful work" done in
much the same way as Makhijani and Poole (1975). Desai, in fact,
differentiates between "primary", "final" and "useful" energy.

The "primary energy" associated with human work is taken to be the
total food consumption of the working population (102). This is
essentially the same as the method employed by Pimentel et al.
Desai (103) divides the total food consumption or "gross calorie
intake" (G) of a human being into three components - basal
metabolism (B), specific dynamic action (S) and "the cost of
physical activity" (A). Thus,

G = B + S + A .
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The basal metabolism and specific dynamic action are expressed as

linear functions of G, which for an Indian adult, are estimated to
take the forms:

B = 600 + 0.3 G (kcal/d)

and s = 0.1 G (kcal/d)

Substitution in the first equation above gives,

A = 0.6 (G - 1000) (kcal/d)

It is assumed that G is 2500 kcal/d (10.5 MJ/d), whence A = 900 kcal/d
(3.8 MJ/d). "Useful animate energy" is defined to equal "physical
work done" and the "final energy" associated with animal work is
equated to "maximum work capacity" (102). It is argued that:

"Useful animate energy, or work done, is not equal to
the energy cost of the physical activity involved.
When human beings and animals do physical work, they
generate additional heat. The average ratio of work
to the total energy consumed as work or heat is about
25% for human beings, although results of efficiency
of individual muscles as high as 66% have been reported."

Accordingly Desai estimates that "work done" (W) will have a maximum
value of 0.25 A (103), which, for an Indian adult with a food intake
(G) of 2500 kcal/d (10.5 MJ/d), amounts to 225 kcal/d (0.94 MJ/d),
or 9 per cent of G. This quantity is taken as the "final energy"
output. In practice, it is estimated that only 50 to 60 per cent
of A is expended during working hours (the rest being expended in
leisure activities), and hence the output of "useful energy" for an

adult Indian worker is taken to be 5 per cent of his food intake,
G, or 125 kcal/d (0.52 MJ/d).

There are at least two objections to this approach. Firstly,
it is the normal practice to measure the "efficiency" of muscular
work as the ratio of the work done, however this may be defined, to
the total quantity of chemical energy released by the body in performing
the work. In particular, the denominator would include the energy
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expenditure associated with basal metabolism and specific dynamic
action. It is not clear from the description "total energy

consumed as work or heat" whether this is the meaning implied by
Desai but "the cost of physical activity", A, as defined by Desai,
clearly excludes basal metabolism and specific dynamic action.
If the figure of 25 per cent quoted by Desai refers, as is most
likely, to the former definition of efficiency, then it is incorrect
to write W = 0.25 A. That Desai may have confused A with the total
energy expended during work (which excludes basal metabolism and SDA)
is evident from his treatment of data produced by Revelle (1976).
Revelle estimated that the fraction of the annual food intake of

males and females of different age groups in rural India which was

expended in work varied between 0.35 and 0.44 (104). Desai, however,
quotes Revelle as having calculated A/G to be 35 to 44 per cent (103).

A second objection to Desai's approach is that the terms "final
energy" and "useful energy" are inadequately defined. The "final
energy" is apparently the maximum value of the "useful energy",
obtained by assuming that a worker spends all of his waking hours
in work, with no time for leisure. The "useful energy" is the
"physical work done", but it is not clear whether this description
refers to the total quantity of work done by the muscles of the
worker (measured as the product of the force applied and the distance
moved) or only to some part of this total. For example, in chopping
firewood with an axe, the "useful energy" might refer to any one of
several quantities:

(i) the total quantity of work done on the body of the
worker (through movement) and on all the external
bodies affected by this movement, including the axe,

the firewood, the surrounding air and the ground

(through deformation beneath the feet of the worker);

or (ii) the work done on the external bodies only;

or (iii) the work done on the axe in being lifted up and brought
down with each blow;

or (iv) the kinetic energy of the axehead as it strikes the
firewood;
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or (v) the work done on the firewood itself to effect
deformation and splitting.

Like Makhijani and Poole, Desai makes no attempt to discuss these

problems of definition. There are, of course, certain types of
work or physical activity where a sensible definition of the
"useful energy" is relatively obvious. An example would be carrying
a load up a hill; the "useful energy" could be defined as the
increase in the gravitational potential energy of the load. However,
in many domestic and agricultural tasks, such as washing clothes
or weeding, it is far from obvious how the "useful energy" would be
defined, let alone measured.

It is difficult to discuss the relation between "useful energy",
or "final energy", and other measures of human work when these terms
are inadequately defined. At the same time, it is difficult to
conceive of any precise definition of these terms which allows a

direct comparison to be made, as Desai has done, between the
"useful energy" or "final energy" derived from animate or inanimate
sources.

In a study of energy use in a village in Bangladesh, Briscoe
(1979) differentiates between "useful work" and the energy expended
in work. It is assumed, for both the human and cattle populations,
that the energy expended in work amounts to 43 per cent of the food
energy intake (105). This figure is obtained from the study of
energy use in rural India by Revelle (1976), who writes (106):

"a fully employed bullock, like a human manual worker,
utilizes about 43 per cent of the energy it consumes in
work."

It is not clear how this figure was derived. Elsewhere in the
same paper (104), Revelle has estimated that for males aged 15 and
over in rural India the energy expended in work is 38 per cent of the
food intake. It may be shown that the average for the working
population, which accounts for all those over 10 in Revelle's study,
is 40 per cent, whilst the ratio of the energy expended in work to
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the energy intake for the entire rural population of India is only
31 per cent (104), or about one third (89).

Briscoe, in any event, incorrectly applies the figure of
43 per cent to the entire population of the village under study.
The average per capita food intake in the village is assumed to

equal the national average in Bangladesh of about 1500 kcal/d
(6.3 MJ/d). Forty-three per cent of this is 645 kcal/d but,
in the energy flow diagram which Briscoe constructs for the village
(107), the energy expended in work is given as 609 kcal/d. Further¬
more, the total expenditure of energy, for work, and for "maintenance
and reproduction" appears in the diagram to be 1543 kcal/d, and
not 1500 kcal/d.

Briscoe does not discuss in any detail what is meant by
"useful work"; he states only that (107):

"The term useful work refers to actual mechanical work
output, which is of the order of 10 per cent of total
work."

It is not immediately obvious what is meant by "total work" in this
context, but the figure of 10 per cent appears to be derived as

follows (105):

"Assuming that the average ratio of work to the total
energy consumed as work or heat is about 25 per cent, it is
estimated that about 10 per cent of the total food intake
of the population is accounted for by useful work."

The ratio of 25 per cent is quoted from Desai (1978), and Briscoe
has obviously applied it to the 43 per cent of the total food intake
which he assumes is expended in work. It appears also that the
term "total work" refers to the total food intake of the population.
The "useful work" described by Briscoe is clearly similar to the
"useful energy" of Makhijani and Poole and of Desai, and the term
suffers from the same lack of definition.

Briscoe's estimate that useful work accounts for about 10 per
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cent of the total food intake of the population, or 150 kcal/capita/d,
is not borne out by the figures given in his energy flow diagram

(107). Thus agricultural work, which is supposed to account for
28 per cent of the total output of useful work (108), or 42 kcal/capita/d,
is given only as 21 kcal/capita/d in the flow diagram. This implies
a total output of useful work of 75 kcal/capita/d, which is only 5 per

cent of the total food intake. (The sum of the individual flows of
useful work in the diagram is 74 kcal/capita/d.)

The relationship between the different methods of human energy

accounting described above is shown diagrammatically in Figure 5.2.
The "useful energy" of Makhijani and Poole, the "useful energy" and
"final energy" of Desai and the "useful work" of Briscoe are not
included, however, because of the difficulty in defining these terms.
The method which gives the largest input of energy for human labour
is clearly that used by Makhijani and Poole in calculating the "gross
energy input" to agricultural production in Third World villages.
The inclusion, by this method, of all the food energy consumed in the
village suggests that the entire population lives solely to work in
agriculture. None of the food energy consumed is attributable to
any other purpose. This interpretation may apply to some agricultural
communities living at a subsistence level, where children are born to

help their parents work in the fields, and those who are not actively
engaged in agriculture are expected to support those who are by carrying
out all the domestic work. In a society where people have some

freedom to choose their occupation this interpretation would be

inappropriate.

Pimentel et al assume that the human energy input to agricultural
production is the total food energy intake per worker for the number
of 40-hour weeks worked. Even with this method, the energy expended
outside working hours is still treated as energy spent in work.
Black, Leach and Revelle consider only the energy actually expended

during working hours as an input. For many production systems,
agricultural or otherwise, this method is more appropriate than
either of the previous two. It can be argued that even if the
workers involved in some production system were not working, or were
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Figure 5.2 Relationship between different methods of
human energy accounting

Makhijani Pimentel Black (1971) Fox (1953)

population

ENERGY INTAKE ENERGY EXPENDITURE

* "gross energy input" (Makhijani and Poole)

t "primary energy" (Desai)
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involved in some other work, they would still expend energy outside
working hours. It would not, therefore, be reasonable to treat
this energy as an input to the production system. The method of
human energy accounting adopted by Fox would seem to be based on

the premise that workers would still expend energy during working
hours even if they were not working. The minimum rate at which
they could expend energy would be the "basal" rate (BMR + SDA),
roughly equivalent to the energy expended in lying at rest.
Therefore the maximum quantity of energy which dould be attributed
to the work carried out would be the energy expended above the
basal rate.

Essentially, the difference between these various methods of
human energy accounting depends on whether the labour resource is
treated as being already in existence, or as having to be created
or sustained in existence specifically to work in the production system
being considered. In the present study, the village population is
treated as being already in existence. The energy expended by the
population is divided into several categories of activity (sleep,
basic necessities and recreation, and various types of work), and
agriculture in the village is divided into a number of distinct
production systems, each requiring a separate labour input. The
human energy expended during work on each system is divided into two

parts, one being the approximate quantity of energy which would be
expended were the work not done, and the other being the extra
energy, above this basic level, which has been expended in the work.
The human energy input to the system is assumed to comprise the second
part alone. It is equal, approximately, to the extra available
food energy which has had to be consumed by the villagers carrying
out the required work.

The energy expended when not working depends on what precisely
is done instead. Most of the recreational activities in the village,

namely talking, chewing betel, visiting relatives and reading, involve
only a small expenditure of energy. It has already been estimated that
the average rate of energy expenditure in basic necessities and
recreational activities is about 100 W for the village men and 90 W
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for the village women (Table 5.13). Basic necessities involve
only a small proportion of the time and, in any case, require an

energy expenditure similar to that required in recreational
activities. Hence it is reasonable to assume a "background" or

basic level of energy expenditure in work of 100 W for the village
men arid 90 W for the village women.

Using this method, the human energy input, EJh), to an

agricultural system where men are required to carry out a number of
different tasks, will be given by the relation,

EJh) = 3.6 [2 E.t. + E t - 100 It +2 t.)] kJ/50 kg (5.6)I L i ^ v v K r ^/J 3 v/

where is the rate of energy expenditure in activity i (watts),

t^ is the total time spent in activity i (hours),
is the rate of energy expenditure in rest (watts),

and v is the total time spent resting (hours).
Assuming that E^ is about 90 W/50 kg (as for standing) and that r is
about 25 per cent of the total time spent working (t +2t^),
Equation 5.6 becomes,

EJh) = 3.6 [2 E.t. - 103.3 2 t.] kJ/50 kg.

This may be rewritten, without any significant loss of accuracy, as

which is the same equation as would be obtained were no allowance
made for rest or were E assumed to be 100 W/50 kg.

For female workers, the human energy input may be calculated in
the same way to give the equation

E (h) = 3.6 2 (£\, - 100) kJ/50 kg, (5.7)

EJh) = 3.6 2 (E. - 90) t.-L 1s Is
kJ/45 kg , (5.8)

assuming Er = 80 W/45 kg and r =4-2 t..
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5.4 Composition of diet

As pointed out at the beginning of this chapter, no measurements
were made on the consumption of different foods in the village. Only
in the case of rice, which the villagers measure out themselves,
was it possible to estimate consumption from the reported quantities
cooked per main rice meal. However, it is clear from observation
alone that rice, kurakkan and coconut together account for most
of the available energy in the diet. Rice is the staple food
throughout Sri Lanka and coconut is used in practically every

meal, but the consumption of kurakkan is appreciable only in certain
areas. It is generally considered that kurakkan is the poor man's
substitute for rice, although even the richest families will consume

it on occasion. The consumption of this cereal is probably highest
amongst poor farmers who have little or no paddy land and who rely
on chena cultivation for most of their food. Its potential yield
is not as high as that of rice, but it is more resistant to drought
and to pests than the new high-yielding varieties of rice now

being grown. In Nikinigama, practically every farmer grows kurakkan
and many families eat it at least once a! day.

Data on the consumption of different foods in Sri Lanka were

collected in both the 1969-70 Socio-Economic Survey and the 1973
Consumer Finance Survey. The average results for certain selected
foods are given in Appendix 12. Both surveys showed a substantial
consumption of wheat flour and bread throughout the island, in the
rural as well as the urban areas and particularly in the lower income
groups. The average consumption of other cereals, such as kurakkan
and maize, was surprisingly low, although the quantities reported
in the 1973 survey are two or three times higher than in the 1969-70
survey. The average quantities of cereals and cereal products
consumed in Sri Lanka according to these two surveys are as

follows:
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1969/70 1973

(kg/capita/y)

Rice 95 87

Kurakkan 4
2

Other grains ) 3

Wheat flour 15 17

Bread 20 17

(Source: see Appendix 12)

At the time of the present study, wheat flour was consumed only
occasionally in Nikinigama and the writer never once saw any of
the villagers eating bread. The only cereals consumed in appreciable
quantities were, as already mentioned, rice and kurakkan, and, to
a lesser extent, maize. The farmers grow all of these crops themselves,
whereas wheat flour, bread and several other foods, which are an

important source of energy in the diets of people elsewhere in the
island, have to be bought outside. In general, the villagers prefer
to consume their own food rather than sell it in order to buy other
foods. Consequently, the consumption of rice, kurakkan and maize
in Nikinigama will probably be above average when sufficient quantities
are produced within the village.

The composition of the average diet in Sri Lanka, in terms of
available energy rather than physical quantity, was calculated only
in the case of the 1969-70 Socio-Economic Survey. The summarised
results are shown in Table 5.14 for two low-income groups in the
rural sector, and also on average for the rural sector and the whole
island. Rice and coconut are clearly the two most important foods,
accounting for 40 per cent and 15-20 per cent respectively of the
total available energy. Cereals and cereal products together
account for about 54 per cent, while the starchy staple foods, cereals,
roots and sugar, account for almost two-thirds of the total available
energy. Coconuts and cooking oils supply a further 20-25 per cent
of the dietary energy, but the consumption of other foods, such as



Table 5.14 Percentage composition of (apparent) diet by
available energy in Sri Lanka

Food Rural sector (excluding estates) All island

Household
income < Rs 100
per month

Household
income < Rs 200
per month

All income
classes

All income
classes

1) Cereals 54.2 55.0 53.7 53.9

Rice 37.9 41.1 42.0 40.5

Wheat flour and bread 14.2 12.0 11.5 12.5

Other cereals 2.2 1.9 0.1 0.9

2) Roots, tubers and
other starchy foods 2.3 2.1 1.5 1.3

3) Sugar 7.2 8.0 8.9 8.8

4) Oils and oil-bearing nuts 23.0 22.0 22.2 22.1

Coconuts 19.0 17.7 17.5 16.9

Coconut oil 3.8 4.0 4.3 4.7

Other nuts and oil 0.2 0.3 0.4 0.5

5) Pulses 1.9 2.1 2.1 2.3

6) Fruit and vegetables 2.0 1.2 1.5 1.4

7) Meat and fish 1.3 1.6 2.0 2.1

8) Other animal products 0.4 0.6 1.3 1.6

9) Liquour and beverages 0.5 0.5 0.6 0.6

10) Betel and arecanuts 4.9 4.3 3.5 3.3

11) Condiments 2.4 2.5 2.6 2.6

TOTAL 100 100 100 100

Total apparent available
energy in diet (MJ/capita/d) 8.18 8.78 9.49 9.47

Source: Calculated from DCS, (1977a), pp.2, 4, 32.
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pulses, fruits and vegetables, and animal products, is of only
minor importance.

Composition and timing of meals

Before estimating the quantities of these foods consumed in the
village, it is necessary first to consider how and when they are

normally eaten. Most of the families have three meals a day: a

light breakfast between 6.00 and 8.00 a.m., a midday meal between
noon and 2.00 p.m., and an evening meal between 6.00 and 8.00 p.m.

In between these meals, and before breakfast, it is usual to have
a cup of tea. Apart from this, the only other significant sources

of energy in the diet are betel and arecanut, which are chewed as

a masticatory at various times during the day, fruits from the garden,
and immature coconuts or kurumbas. The midday and evening meals
are the most important, and it is usual to eat rice and curry at
one or both of these. The poorer families will only cook one curry,

although this may be supplemented by sconbol, an uncooked mixture of
scraped coconut, chillie and onion; the richer families will often
have two or three curries. In all cases, however, the quantities
of curry eaten will be small; unlike the Western idea of rice and
curry, where the curry or curries form a substantial part of the
meal, rice and curry in the village consists predominantly of rice.
The curries are nearly always made with vegetables, the most common

being bandakka or Lady's fingers (Hibiscus esculentus), vambatu or

brinjal (Solarium melongena), wattaka or pumpkin (Cucurbita maxima)
and cabbage and potato. Non-vegetable curries, made with fish
caught in the tank, or with dried fish from the market, are far
less common. Meat is hardly every cooked. Nearly all of the
curries are made with coconut milk, an emulsion formed by squeezing
scraped coconut in water. Rice is normally cooked separately for
each rice meal, although it is not uncommon for some rice to be
left over after the evening meal and for it to be eaten cold the
next morning.

For breakfast most families in the village will eat kurakkan
roti, a thick pancake made with kurakkan flour, water and scraped
coconut. This is usually fried with a small quantity of coconut
oil, and eaten with sambol. Occasionally, for variety, wheat flour
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may be used instead of kurakkan flour. When rice is in plentiful
supply, just after the Maha paddy harvest, some of the richer
families may have rice for breakfast as well as for the midday
and evening meals. However, most poorer families will eat
kurakkan roti not only for breakfast but also, quite often, for
their midday meal.

There are variations in this basic diet. A much-liked food

at breakfast is kiribat, or milk-rice, as it is sometimes called in

English. This is simple rice cooked in coconut milk rather than water.
It is usually eaten just with lunumiris, a finely chopped mixture of
red onions and dried chillies. Another food which is sometimes

cooked at breakfast, or occasionally for the evening meal, is pittu.
This is made with rice or kurakkan flour, mixed with water and scraped
coconut, and steamed in a special cylindrical mould. It is usually
eaten with warmed coconut milk and sometimes a few curries. These

foods, however, take longer to made than boiled rice or kurakkan roti
and are generally cooked only once or twice a month.

The consumption of maize in the village is highly seasonal. The
crop is usually planted in the chenas in late September or early
October and begins to ripen by the end of December. Much of it is
consumed "on the cob", either boiled or roasted, when the grain is
still tender in January. The remainder is allowed to ripen fully
before it is harvested, but most of it is then sold. Only a small
amount is kept and made into maize flour. A substantial proportion
of the tender maize consumed is eaten in the chenas, usually roasted.
The rest is taken home and boiled, and is often eaten instead of rice
and curry or roti and sambol. The total period during which maize
is consumed in the village is probably only about six or seven

weeks in duration, from the end of December to the beginning of

February. Other foods which are occasionally eaten instead of the
staple diet of rice and kurakkan are manioc, and pulses such as

me eta or cowpea (Vigna sinensis), rrrung eta or green gram (Vigna
radiata), and undu or black gram (Phaseoulus mungo).

Sweets or desserts are not a feature of meals in the village;
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fruit such as papaw, mango or jak are occasionally picked in the
home garden, but are not necessarily eaten at meal times.

Reported consumption of rice at meals

The quantity of rice cooked per meal in the village was usually
measured by means of an old Parakum condensed milk tin, which was

supposed to have a volume of one ohundu (see Appendix 7). The tin
was filled either level (kepila) or heaped (piruna), and by experience,
the women who cooked the food in each household knew how many level
or heaped chundus were required per meal, depending on how many

people were eating. It was generally agreed that a working male
adult would require one level chundu, or 250 g of rice, for each
main meal. To check this, a survey was conducted in thirteen
households, and the reported quantity of rice required per main
meal was compared with the number of people eating, and the equivalent
number of male adult and working adult consumption units (as defined
in Appendix 8). The results are shown in Table 5.15.

As might be expected, the quantity of rice required per capita
showed the greatest variation over the thirteen families, and the
quantity required per male adult consumption unit the least variation.
The need, in analysing such data, to take account of differing levels
of consumption within a family is evident. If a detailed breakdown
by age and sex is not availabe, then it is clearly better to use the
crude "working adult" coefficients than to take no account of variations
in family composition. It is remarkable that the average quantity of
rice cooked per male adult consumption unit is so close to the
generally quoted level of 250 g. This is, incidentally, much more

than most adults in the U.K. would normally be able to eat at one

meal; even a good helping of rice by Western standards weighs only
about 100 g (uncooked weight). Similarly, in Colombo, an average

middle-class family will generally cook the equivalent of only about
half a level chundu (125 g) per adult. The large difference between
these levels of consumption is mainly due to the fact that the villagers
in Nikinigama eat so little else apart from the rice. As already
pointed out, the curries form only a small part of most meals.



Table 5,15 Reported rice consumption per main meal
in village

House- Name of
hold householder

Measure of
household size *

Reported
number of

Equivalent
weiaht

R/a R/b R/a

number
a b a

chundus per
main rice meal t

Ft

(grammes)

1 Sina 3 2 2.5 2 L 500 167 250 200

2 Dingiriya 6 5 5.5 5 L 1,250 208 250 227

3 Silva 6 5 5.5 5 I 1,250 208 250 227

4 Weerapuliya 10 7.3 8 6.5 H 1,853 185 254 232

5 Kiriya 10 8.4 8.5 7 H 1,995 200 238 235

6 Vela 11 8.6 8.5 7 H 1,995 181 232 235

7 Gunawardena 3 2 2.5 2 L 500 167 250 200

8 Lapaya 4 2.3 3 2 L 500 125 217 167

9 Weerasekera 5 4.6 5 5 L 1,250 250 272 250

10 Sira 6 5.4 5.5 5 H 1,425 238 264 259

11 Jamba 7 5.2 5.5 5 L 1,250 179 240 227

12 Samarapuliya 9 6.5 7 5 L 1,250 139 192 179

13 Pulhiriya 9 6.6 7 6 H 1,710 190 259 244

Total 89 68.9 74 16,728

Average 6.8 5.3 5.7 1,287 187 244 222

Standard deviation 35 21 27

Coefficient of

variation (») 19 9 12

Regression lines

R = 179 a + 58

R = 233 b + 50

R = 245 a - 110

(r = 0.92)

(r = 0.97)

(r « 0.97)

*
a = number of persons

b = number of male adult consumption units

a = number of working adult consumption units

(see Appendices 4 and 8)

t L - level Parakum tin (250 g)

H = heaped Parakum tin (285 g)

(see Appendix 7)
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Throughout the village it was observed that if rice was eaten

at both the midday and evening meals, the quantities cooked were

generally the same. However, when rice was cooked for breakfast
half the usual amount was considered adequate. The same was observed
where kurakkan roti was eaten at the midday meal - roughly twice as

much was cooked as at breakfast. It is, therefore, reasonable to
assume that breakfast is equivalent to half a main meal, on average,

and that there are the equivalent of 2.5 main meals per day. A
similar assumption has been made by Gunasekara (1958) in analysing
data on food consumption collected in other Sri Lankan villages (108).

Total estimated consumption of major food items

The average consumption of rice per unit, according to Table 5.15,
is just over 0.24 kg per main meal. Assuming one main meal of rice
per day, this is equivalent to about 88 kg/unit/y or, since one caput
is equivalent to about 0.75 units (see Section 1 of this chapter),
66 kg/capita/y. If rice were eaten at all meals, the total annual
consumption would be about 2.5 times this figure, or 165 kg/capita.
As the available energy in rice amounts to about 15 MJ/kg (see
Table 2.8), this is equivalent to an energy intake of about 2.5 GJ/y
or 6.8 MJ/d, which is 80 per cent of the estimated total apparent
intake of 8.5 MJ/d (see Table 5.2). It is only on rare occasions
that so much rice will be consumed in the village. However, it is
reasonable to assume that the total quantity of energy obtained from
boiled rice, and whatever is eaten in its place, will amount to
about 6.8 MJ/capita/d. In the case of roti, kiribat and pittu,
a substantial proportion of the available energy in the food will be
supplied by the coconut. In making kurakkan roti, for example, it
is estimated that half a medium-sized coconut is required for every

2 lb (0.91 kg) of kurakkan flour. The weight of kernel in a "standard"
coconut is about 0.34 kg (see Table 8.1). Assuming the available
energies given for kurakkan and coconut in Table 2.8, it can be
shown that 1 kg of kurakkan flour, made into roti, will have an

available energy content of about 17 MJ. This is 13 per cent more

than the available energy in 1 kg of rice.

Every family in the village will have, or will try to have, at
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least one main rice meal a day. However, towards the end of the

year, in November and December, many families will have exhausted
their own supplies of rice and will have to rely mainly on the free
rice ration. At 2 lb (0.91 kg) per person per week this is equivalent
to 47 kg/capita/y, or only about 70 per cent of the quantity required
for one main rice meal a day. Once the Maha chena crops are harvested
at the beginning of the year, the farmers will have enough rice, or

will be able to buy enough rice to make up the difference. From
March on until about September, most families will be able to have
rice at both the midday and evening meals, except in dry years when
the Maha paddy crop is poor. The Maha 1977-78 rains in Nikinigama
were good and a larger proportion of the paddy fields was cultivated
than normal. Most farmers had a good crop, and it is estimated that
the average consumption of rice between March and August 1978 was

the equivalent of two main meals a day. Between September 1977 and
February 1978 the average consumption was probably only about half
as much. Over the year, therefore, from September 1977 to August 1978,
the quantity of rice consumed in Nikinigama would have been sufficient
to provide an average of one and a half main meals per person per day.
This is equivalent to about 100 kg/capita/y.

As already mentioned, kurakkan is consumed mainly at breakfast,
but also, sometimes, at the midday meal if there is not enough rice
available. Since breakfast is equivalent to half a main meal, and
since kurakkan, made into roti, provides about 13 per cent more

energy than rice, the quantity of kurakkan required to make roti for
breakfast every day of the year is about 30 kg/capita/y. Although
maize is quite often eaten for breakfast in January, and small
quantities of pulses, such as cowpea and mung bean, at other times,
it is estimated that the average consumption of kurakkan over the year

is probably slightly above this figure. Particularly in November
and December 1977, it was observed that many families ate kurakkan
roti for their midday meal as well as for breakfast. Although there
will be a considerable variation between families, the average quantity
of kurakkan consumed over the year, up to August 1978, was probably
about 35 kg/capita.
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Maize consumption, although high in January, would be low on

average during the year, probably no more than 10 kg/capita. (If
all this were consumed in 45 days between the end of December and
the beginning of February, the average daily consumption would have
been 0.22 kg. Since maize has an available energy of 15 MJ/kg
(see Table 2.8), this is equivalent to 3.3 MJ/d, or about 40 per cent
of the total apparent daily energy intake.) The consumption of pulses
would also be low, maybe 5 kg/capita/y. The remaining available
energy needed to make up the total of 6.8 MJ/d (or the equivalent of
165 kg of rice per year), attributed to rice and substitutes for rice,
will be supplied by the coconut used in making roti, kiribat and pittu,
by starchy roots such as manioc, and by small quantities of wheat flour.
The consumption of coconut and coconut products in Nikinigama is
discussed in Chapter 8, Section 2. It is estimated that just over

90 nuts, or about 31 kg of coconut kernel, are consumed per capita
per year. About 10 kg of the kernel is used to make coconut milk
(pol kiri), but the equivalent of about 5 kg of this, in terms of
energy content, is lost in the discarded residue. The consumption of
coconut oil amounts to an estimated 3 I or 2.8 kg per capita per year.

Manioc is grown mainly in the home gardens, although not by all
families. The average consumption is probably only about 10 kg/capita/y
or less. As the available energy in manioc is only about 6 MJ/kg
(see Table 2.8), this is equivalent to no more than 4 kg of rice or

other grains. Wheat flour consumption is minimal, maybe 2 kg/capita/y.

Table 5.16 summarises the data estimated above for the major
foods in the village diet. The actual, as opposed to apparent,

consumption of these foods will be about 5 per cent less than the
figures given in Table 5.16 because of plate waste and cooking losses
(see Section 1 of this chapter and Table 5.2). However, it must be
emphasised that all of the figures are only estimates; the reason

for giving the energy contents and available energy contents to the
nearest MJ/capita/y in Table 5.16 is to reduce rounding errors in the
final flow diagram.

The total apparent available energy intake in Nikinigama is
about 8.5 MJ/capita/d (see Table 5.2), or 3.1 GJ/capita/y. Of this,
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Table 5,16 Estimated apparent consumption of food and food
energy in village

Food Consumption 1 Energy content Available energy content

kg/capita/y MJ/capita/y (2) MJ/capita/y (2) % of total

Rice 100 1550 1500 48

Kurakkan 35 525 490 16

Maize 10 160 150 5

Wheat flour 2 31 30 1

Pulses 5 83 70 2

Manioc 10 65 60 2

Coconut kernel 21 349 326 11

Coconut milk 5 3 83 78 3

Coconut oil 2.8 109 105 3

Other foods - 503 * 303 * 9

Total - 3458 5 3112 s 100

1 See text.

2 Calculated using wet basis heats of combustion and available energies given in
Table 2.8. All values rounded to nearest MJ. For fresh coconut foods see Figure 8.3.

3 Estimated weight of kernel having the same energy content (see Chapter 8,
Section 2 and Figure 8.1).

" Calculated by difference. Note that the ratio of the available energy content to
the energy content of "other" foods is apparently very low (60%) compared to the
average of 90% for the whole diet. This is due to rounding errors in the available
energies given in Table 2.8, and also to the fact that available energies for
individual foods are only approximate and depend on the composition of the diet.

5 Apparent energy content of diet

= 365 x = 3458 MJ/capita/y (see Table 5.2).

Apparent available energy content of diet
= 0.9 x Apparent energy content of diet.
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rice is estimated to account for almost a half and kurakkan for

about one sixth. Altogether, cereals would appear to account for
about 70 per cent of the total, compared to an average of only
54 per cent elsewhere in the island (see Table 5.14). However,
such a high cereal consumption is not unheard of. Gunasekera (109)
reports that cereals supplied between 56 and 73 per cent of the food
energy in six villages surveyed by the Medical Research Council
between 1951 and 1955. In India, Gopalan et al (1970) estimate
that cereals contribute as much as 70 to 80 per cent of the available

energy intake for most of the population (110). Data collected
by Ravindranath et al (1980), in the village of Ungra near Bangalore
(see Chapter 1, Section 5), indicate the following levels of
consumption per capita (111):

Rice 0.42 kg/d (153 kg/y)
Ragi (kurakkan) 0.26 kg/d (95 kg/y)
Pulses 0.15 kg/d (55 kg/y).

These are so much higher than the levels estimated for Nikinigama
that they are difficult to accept. Indeed, the available energy

derived from these foods alone amounts to about 12 MJ/d (assuming
the energy values given in Table 2.8), which is greater than the
estimated energy requirement for the village (112), of 2800 kcal/capita/d
(11.7 MJ/capita/d).

Coconuts and coconut products account for an estimated 17 per cent
of the available energy in Nikinigama. The consumption of foods
other than cereals and coconut is small. Sugar consumption is
almost certainly below the levels of 9 to 18 kg/capita/y recorded at
the 1969-70 Socio-Economic Survey and the 1973 Consumer Finance Survey

(see Appendix 12). Most of the villagers eat sugar only with tea;
one heaped teaspoon, eaten from the palm of the hand, is all that is
usually required with each cup of tea. As there are about 20
heaped teaspoons of sugar per 100 g, and it is usual to drink three
cups of tea a day, the annual consumption of sugar will amount to about

3
365 x yq x 0.1 = 5.5 kg/capita.
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5.5 Summary and energy flow diagram

The data presented in the first four sections of this chapter
may now be summarised in the form of a flow diagram. The human
energy inputs are all in the form of food, and the outputs are in
the form of faeces and urine, and energy expenditure or heat.
The total flow of human energy has been estimated in Section 1 from
the general level of physical activity in the village, and the
individual food inputs per capita have been estimated in Section 4.
It has been shown in Chapter 2, Section 4 that the proportion of
the output lost in the faeces and urine is about 10 per cent.
The remaining 90 per cent of the energy flow is converted into heat
and muscular movement, and the quantities of energy expended in this
way by the village men and women have been estimated for various
activities in Section 2 of this chapter. The total daily energy

expenditure has been divided into three parts - sleep, basic
necessities and recreation, and work. It has been shown in Table
5.13 that for the village men and women about half of the total
available energy is expended in work. However, as pointed out
in Section 3, even if no work were done energy would still be
expended in rest, and in various recreational activities which
would take the place of work. The basic energy expenditure in
work is taken, in the present study, as equal to the average energy

expended in "basic necessities and recreation". The actual human
energy input to work is then the extra energy expended above this
level. Other methods of measuring the human energy input have been
employed elsewhere, and as shown in Section 3, all of these give a

higher figure than that estimated here for the same quantity of
physical work.

It has already been pointed out that the work done by children
in the village is only a small fraction of the total effort. However,
there is no doubt that children over about 10 to 12 years of age do

spend an appreciable amount of time helping their parents with various
agricultural and domestic tasks. The elderly people help with
whatever they can. It will be noticed that the League of Nations
coefficient given for 12 and 13 year old children, and for adults
over 59, is the same as that given for adult women between 14 and 59
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(see Appendix 8, Table A8.1). It was decided to assume, therefore,
that the energy expenditure in sleep, in basic necessities and
recreation, and in work, was the same for these groups as was

estimated for the village women in Table 5.13. Children under 12
were assumed to do no work; their daily energy expenditure will
be divided between 'sleep' and 'basic necessities and recreation'.

The numbers of working and non-working villagers in the
25 households interviewed in Nikinigama are given in Table 5.17.
The working villagers are divided into two groups, group I comprising
male adults of 14-59 years, with a League of Nations coefficient of
1.0, and group II comprising female adults (14-59 years), young

adolescents (12-13 years) and elderly people (more than 59 years),
with a League of Nations coefficient of 0.8. Non-working villagers
(Group III) comprise only children under 12 years of age, and their
average coefficient is calculated to be 0.5. As shown in Section 1,
it may be assumed that in the village the unit of consumption in the
League of Nations table is 10.8 MJ/day of available energy. The
average daily energy expenditure of the young children in the
interviewed households will therefore be about 5.4 MJ.

A breakdown of the daily energy expenditure for the three groups

described above is given in Table 5.18. The total and average daily
energy expenditures of the villagers in the interviewed households
are also calculated. Because the average number of units per capita
in these households is 0.77 (see Appendix 4), the average per capita
energy expenditure calculated in Table 5.18 is higher than the 8.1 MJ/day
estimated in Section 1. Since the average per capita coefficient
assumed elsewhere in the text is 0.75, the average figures derived
in Table 5.18 will need to be reduced. The simplest way of doing this
is to multiply these figures by the ratio of the total per capita
energy expenditures, that is 8.1/8.35, or 0.97. The result of applying
this correction is shown in Table 5.19.

The average gross energy intake per capita in the village was

estimated in Section 1 to be about 9.0 MJ/d. The faecal energy loss
is about 6.5 per cent of this, or 0.6 MJ/d (210 MJ/y) and the urinary



Table 5.17 Numbers of working and non-working

villagers in households interviewed

Group Age
(years)

Number
(1) *

Coefficient
(2) t

Total
(l)x(2)

Working

I Male adults 14-59 48 1.0 48

( Female adults 14-59 45 )
8 j 59
6 )

II | Young adolescents
( Elderly people

12-13 0.8 47.2

> 59

Non-working

III Young children 0-11 45 0.5 ft 22.5

Total - 152 - 117.7

* Calculated from Appendix 4.

t League of Nations coefficient (consumption coefficient b in
present work); see Appendix 8, Table A8.1.

ft Average coefficient.
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Table 5.18 Division of energy expenditure by activity for

villagers in households interviewed

MJ/day
Group i Total 2 Average

(per capita)
I 3 II 3 III 4

Sleep 2.0 1.7 1.2 250.3 1.65

Basic necessities

and recreation 2.9 2.6 4.2 481.6 3.17

Basic energy

expenditure in work 2.9 2.6 0 292.6 1.93

Extra energy

expenditure in work 3.0 1.7 0 244.3 1.61

Total 10.8 8.6 5.4 1268.8 8.35

1 As defined in Table 5.17.

2 Total energy expenditure for all villagers in households inter¬
viewed. Calculated using numbers in each group given in
Table 5.17.

3 Energy expenditure in "sleep", "basic necessities and recreation",
and "work" as in Table 5.13. "Basic energy expenditure in work"
assumed to be same as for "basic necessities and recreation"
(see Section 3 of this chapter).

4 Total energy expenditure calculated using average coefficient
of 0.5 derived in Table 5.17. Energy expenditure in sleep
assumed proportional to energy expenditure in sleep for Group I,
only for 9-10 hours instead of 8 hours.
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Table 5.19 Average per capita division of energy

expenditure by activity in village

Activity Average energy
expenditure per capita
MJ/d MJ/y

Sleep 1.6 580

Basic necessities

and recreation 3.1 1120

Work (including rest periods) 3.4 1250

Basic expenditure 1.9 680

Extra expenditure 1.6 570

Total 8.1 2960

Source: Calculated from last column of Table 5.18 by applying
correction factor of 0.97 (see text). Daily figures
rounded to nearest 0.1 MJ and yearly figures to nearest
10 MJ. Discrepancies in sums due to rounding errors.
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energy loss 3.5 per cent, or 0.3 MJ/d (110 MJ/y). The actual
gross energy intake is about 5 per cent less than the apparent
intake because of cooking losses and plate waste. The average

energy content of the prepared raw food before cooking is, therefore,
about 9.5 MJ/d (3460 MJ/y). The quantities of energy supplied by
individual foods have already been given in Table 5.16.

These data may be combined to form an energy flow diagram as

shown in Figures 5.3 and 5.4. The first of these diagrams shows
the average daily energy flows. The second diagram shows the total
annual flows for inclusion in the final flow diagram. It will be
noticed that the average per capita human energy input to work in
the village is only about 570 MJ/y, or one sixth of the apparent

gross energy intake (3460 MJ/y). In other words, only one sixth
of the energy content of the raw food consumed in the village is used
to do work. Even if the villagers did no work at all, they would
still need to consume about 2.9 GJ/capita/y in raw food. The chemical
energy stored in the wasted, lost or unoxidised food matter amounts
to about 500 MJ/y but this loss is practically unavoidable.
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CHAPTER 6 PADDY CULTIVATION AND PROCESSING

6.1 Introduction

Rice (Oryza sativa) has been cultivated by man for millenia
and is today the staple food of about half the world's population.
It is grown mainly in southern and eastern Asia and it has been
estimated that about half of the total output is consumed on the
farms where it is produced (1). Total world production of paddy
in 1976 amounted to about 340 Mt (2), which is equivalent to over
200 Mt of rice (3).

Over the past 15 years attention has been focused increasingly
on the development and introduction of the high yielding varieties
of rice originally produced in the early sixties at the International
Rice Research Institute (IRRI) in the Philippines. By 1974/75
these varieties accounted for over a quarter of the total area planted
under rice in the developing market economies of the Far East (4).

Sub-species and agricultural varieties

Adaption of the rice plant to different climates, latitudes
and soils over the long period during which it has been cultivated
has led to the evolution of three major sub-species: indica,

japonica and javanica. The indica rices which came originally
from India are grown only in latitudes below 25°, mainly in the
tropical monsoon climates of south-east Asia. Japonica is
adapted particularly to temperate climates with long summer days
and is the only rice grown in Japan, North China, Southern Europe
and California. Javanica is suited to equatorial climates, and
is found mainly in Indonesia. These sub-species of Oryza sativa
differ in a number of important ways. Unlike japonica and javanica,
the indica rices are usually highly photoperiodic; they are susceptible
to lodging, shedding of grain and breakage on milling, which the
other two are not, but on the other hand, they are more resistant
to disease and tolerant of unfavourable conditions. The highest

yields and response to manuring are obtained with japonica rices,
although they generally command a lower price than the other two (5).
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The first large-scale international attempt to combine the

good qualities of the indica and japonica rices by cross-breeding
was started in 1951 at the Central Rice Research Institute (CRRI)
in Cuttack, India. However, none of the hybrids produced was

very successful. It was not until 1965, at IRRI in the Philippines,
that the first spectacular improvements were made with the
development of "IR8", a fourth generation selection of a cross

between "Peta", a tall indica rice from Indonesia and "Dee-geo-woo-
gen", a short japonica rice from Taiwan. Under good management,

yields of up to 9 t/ha have been obtained with IR8, and in 1969,
the total yield from three transplanted crops at Mindanao in the
Philippines exceeded 22 t/ha (6), which is equivalent to about
60 kg/ha/d.

All the traditional varieties of rice grown in Sri Lanka
are of the indica sub-species. They are mostly tall, low-yielding
and poor in response to nitrogen fertilizer, but resistant to

drought, to disease and insect attack, and to adverse conditions
in general. Since the early fifties an increasing proportion
of the rices grown in Sri Lanka have been improved varieties
developed by hybridisation of various local and foreign strains.
Much of the breeding was originally carried out at the Central Rice
Breeding Station (CRBS) at Batalagoda near Kurunegala. One of
the earliest and most popular improved varieties was H4, which was

first released in 1953 (7), and which is still grown in many areas.

Other varieties in the H-series, notably H7, H8 and H10, were

introduced later; most were capable of yields between 2 and 3 t/ha
(40-60 bu/acre), compared with only 1.5 t/ha (30 bu/acre) or less for
the traditional varieties. Under good conditions, yields of 4 to
5 t/ha (80 to 100 bu/acre) were possible. According to records
kept at CRBS (8), the maximum recorded yield for H4 at the end of
1977 was 143 bu/acre (7.4 t/ha), and for H8, 160 bu/acre (8.3 t/ha).
Together with a few other varieties developed in the same period,
these are generally known in Sri Lanka as old high-yielding varieties
(OHYVs).

The year 1968 saw the introduction of the first IRRI variety



in Sri Lanka (9). Since then, several new varieties, developed
by crossing high-yielding local rices with dwarf plants such as

IR8, have been released for cultivation. Most of these are

capable of yields at least as high as the OHYVs; they are also
more responsive to nitrogen fertilizer and less susceptible to

lodging. Together with the IRRI strains they are called the
new high-yielding varieties (NHYVs). Surprisingly, IR8 never

became very popular in Sri Lanka, apparently because of its
susceptibility to bacterial leaf blight, although Weeraratne (10)
has suggested that poor management practices were mainly responsibl
for this. Several of the NHYVs, particularly BG11-11, BG34-8 and
BG90-2, have produced yields as high as those obtained with IR8
in Sri Lanka. The maximum yields obtained in the island now are

over 10 t/ha (190 bu/acre).

Production in Sri Lanka

Since 1952, paddy production in Sri Lanka has been estimated
by multiplying the net harvested area by the average measured yield
for each season (11). The harvested area is always less than the
area sown, because of crop failures due to drought, disease and
other causes. Harriss (1977) suggests that the reduction in
area is about 3 per cent on average (12), but in fact, between
1969 and 1979, the difference varied between 3 and 14 per cent (13)
The net harvested area in each season is taken as 85 per cent of
the gross reported area to allow for irrigation channels and the
bunds which separate individual fields or liyaddes (14). This is
an average correction for the whole island; in the hill country
where the liyaddes are smaller and the bunds larger than average,

the correction will be higher, whereas on the plains the reverse

will be true. Paddy yields are estimated by means of island-wide
sample crop surveys which are conducted every season.

The average yield per crop in the early 1950s was about
1.6 t/ha (15). Between then and the mid-sixties it increased
little, but between 1966 and 1970 it rose rapidly from about
1.8 t/ha to 2.7 t/ha, the highest yield being obtained in the
1969/70 Maha season (16). During the 1970/71 season the average
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yield dropped to 2.3 t/ha and the record yield of 1969/70 was

not exceeded until the Maha season of 1977-78, when it reached

2.73 t/ha (17). However, average yields per crop have not

dropped below 2 t/ha since the Maha season of 1966/70. Over the

past 15 years, Yala yields have generally been 5 to 15 per cent
lower than Maha yields, although the average yield for the 1971
Yala crop was 6 per cent above that of the preceeding Maha
season (15, 16). Prior to 1967, Yala yields were usually the
same as Maha yields and not infrequently greater.

There is a considerable variation in yield throughout the
island. In the Maha 1977/78 season, for example, average

district yields varied from 1.5 t/ha in the Galle district to
4.4 t/ha in the Mannar district (18). The average yield in the
Anuradhapura district was 3.9 t/ha and in the Polonnaruwa district
4.1 t/ha (19). In the Dry Zone, yields are generally highest
under the major irrigation schemes, where the water supply is
most reliable, and least under rainfed cultivation (18). Further¬
more, the areas cultivated in the Yala season are usually considerably
less than in the Maha season, particularly under rainfed cultivation
and minor irrigation schemes (20). Table 6.1 shows the average

yields and extents cultivated in 1978 under different types of
irrigation in the Anuradhapura district.

Paddy cultivation practices also vary throughout the island.
Various surveys of the costs of production and the effects of
different cultivation practices have been carried out by the
Agrarian Research and Training Institute (ARTI) in Colombo.
The most extensive of these (ARTI, 1975c) involved 844 farmers
in five districts, including the Polonnaruwa district (ARTI, 1975a)
and the Anuradhapura district (ARTI, 1975b). Other studies at
ARTI have been carried out by Izumi and Ranatunga (1973, 1974) and
Ranatunga and Abeysekera (1977). The most comprehensive study
was carried out by the DCS during the 1973/74 Maha season (DCS,
1976b) and involved almost 7,000 land "parcels".* Some of the

* The definition of a paddy parcel given by the DCS (21) is as follows:
"A parcel of an operational holding is a piece of land in the
operational holding which is surrounded by land or water belonging
to another operational holding or by land or water not belonging
to any operational holding such as a public road, crown forest,
river, etc."
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Table 6.1 Paddy production in the Anuradhapura district, 1978

Yala 1977 Major Minor Rainfed Other 1 Total

scheme scheme

Gross extent sown 2 (ha x 103) 14.4 3.7 0.05 - 18.1

Gross extent harvested 2 (ha x TO3) 14.2 3.3 0.035 - 17.5

Net extent harvested 3 (ha x 103) 12.1 2.8 0.03 - 14.9

Average yield (t/ha) 3.06 2.52 - - 2.96

Total paddy production 5 (kt) 36.9 7.1 < 0.1 - 44.2

Maha 1977/78

Gross extent sown 2 (ha x 103) 29.3 35.9 3.6 1.0 69.8

Gross extent harvested 2 (ha x 103) 29.1 35.5 3.2 0.9 68.6

Net extent harvested 3 (ha x 103) 24.7 30.1 2.7 0.8 58.3

Average yield (t/ha) 4.42 3.56 3.20 - 3.92

Total paddy production 5 (kt) 109 107 8.6 = 3 228

Source: Derived from DCS, (1980c), pp.11-14.

Notes: 1 Includes highland paddy (rainfed) and tank bed cultivation.
2 Reported area.
3 Net area = 0.85 x Gross area (see text).
11 Average district yield
5 Calculated from original data and rounded.



results of this survey are summarised in Table 6.2. Care must

obviously be taken in interpreting the average yields for practices
with a low incidence. Furthermore, it would clearly be incorrect
to assume that practices associated with high yields were

necessarily the cause of these high yields. Farmers who can

afford to till their land by tractor, for example, will probably
be able to afford fertilizer and high-quality seed as well.
Unfortunately the DCS did not carry out a complete statistical
analysis of the results and so it is not clear where differences
in yield are significant.

Tractors are apparently the most common source of power for
land preparation both in Zone II, and on average throughout the
island. Not surprisingly, however, they are less common in the
hilly Wet Zone districts. The new high-yielding varieties of

paddy are clearly the most widely sown in Zone II, although the
traditional varieties are still surprisingly popular in the
island as a whole. Most farmers sow their own seed rather than

buy fresh seed from the Department of Agriculture. Higher yields
are generally claimed for the latter source and this is borne out

by the results in Table 6.2. Broadcasting is still the most
common method of sowing; transplanting undoubtedly gives higher
yields but it involves much hard work.

r
In all but 11 per cent of the parcels suveyed in the island

some form of fertilizer was applied. Inorganic fertilizer was

the most widely used form, and in over 40 per cent of those

parcels where it was used the application exceeded 250 kg/ha.
These results should be treated with caution, however, since
fertilizer consumption in 1973 was abnormally high compared to
other years (22). The increase in world oil prices at that
time resulted in a substantial rise in the cost of fertilizer

and consumption was considerably lower in later years.

6.2 Extent cultivated, in village

As explained in Chapter 4, Section 1, Nikinigama has three
irrigation tanks: the Ihala Wewa (or "upper tank") at the old
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Table 6.2 Paddy cultivation practices in Sri Lanka: frequency of occurrence

and effect on yield, Haha, 1973/74

Zone II * All island

Incidence Average Incidence Average
(% of yield (% of yield
parcels) (t/ha) parcels) (t/ha)

1) Ti 1lage (1839 parcels) (6657 parcels)
Tractor 63 3.1 42 2.5

Buffalo 30 2.7 36 2.5

Mammoty 5 2.3 18 2.1

Mixed 2 3.5 3 2.9

2) Seed variety (1895 parcels) (6651 parcels)
NHYV 57 3.1 42 2.9

OHYV 34 2.2 33 2.4

TV (traditional) 9 2.1 25 1.8

3) Source of seed (1890 parcels) (6647 parcels)
Own 72 2.6 72 2.4

Dept. of Agriculture 14 3.3 12 2.9

Other 13 2.7 17 2.3

4) Method of sowing (1888 parcels) (6649 parcels)
Broadcast 89 2.5 82 2.2

Transplanted in rows 2 4.5 3 3.7

Transplanted not in rows 10 4.2 15 3.6

Row seeded < 0.5 3.5 < 0.5 2.8

5) Type of fertilizer (1871 parcels) (6578 parcels)
Inorganic 74 2.9 78 2.5

Organic 1 2.3 1 2.2

Both 4 2.3 10 2.4

None 21 2.3 11 2.1

6) Quantity of basal and

top dressing (1408 parcels) (5516 parcels)
< 125 kg/ha 32 2.6 26 2.3

125-250 kg/ha 34 2.7 32 2.3

> 250 kg/ha 34 3.2 41 2.7

* Comprising the Hambantota, Amparai, Moneragala, Polonnaruwa, Anuradhapura and Puttalam
districts, and the Uda Walawe Special Project Area.

Source: Calculated from DCS, (1976b), pp.8-11.

Note: Average yields for all practices are about 2.7 t/ha in Zone II and 2.4 t/ha over
the whole island. Average yield for whole island estimated from sample crop

surveys in Maha 1973/74 was 2.5 t/ha (DCS, (1980a), p.55).



settlement of Xhala Nikinigama, the Pahala Wewa (or "lower tank")
which belonged to the original settlement at Nikinigama, and the
Timbirigama Wewa at Timbirigama, which is now part of Nikinigama.
The approximate areas of these tanks and the paddy fields beneath
them are shown in Figure 6.1. The areas were measured with a

planimeter from an enlarged aerial photograph of the village taken
in 1971. As in most other purana villages, the paddy land below
the tanks is divided into two sections - the Purana Wela and the

Akkara Wela. "Purana Wela" literally means "old paddy fields"
and refers to the traditional paddy land of the village supposedly
cultivated since ancient times. The Akkara Wela, on the other

hand, is more recently asweddumised land, most of which belonged to
the Crown and was alienated to the villagers thirty or forty years

ago. "Akkara" is a Sinhalese corruption of the word "acre" and
is apparently used because all of the new lands were properly
surveyed when they were first cleared. Accordingly the areas

reported by the villagers are in close agreement with the actual
areas. The area of the Purana Wela, however, is estimated only
from the quantity of paddy sown on it. An average sowing rate
of 2 bu/acre (104 kg/ha) is assumed, so that, for example, a

farmer who requires three bushels of paddy for broadcasting will
assume that he has about 1.5 acres of land. Not surprisingly
the areas of Purana Wela land reported by the farmers are often

quite different from the actual areas. In fact, the reported
areas of all the fields in the Purana Wela below the main tank

(the Pahala Wewa) are substantially greater than the actual areas.

The total reported area was 15.5 acres (6.3 ha), which is about
75 per cent more than the actual area (3.6 ha). There can be
no doubt about the actual area of the land; measurements were

made not only on the aerial photograph but also on the paddy
fields themselves. The villagers seemed unable to appreciate
the difference. In general, their perception of area is not very

accurate, and they could see no difference between an acre of
land in the Purana Wela and an acre in the Akkara Wela.

The total area of land below the three tanks is 31.8 ha:

4.5 ha under the I ha 1 a Wewa, 6.6 ha under the Pahala Wewa, and
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Figure 6.1 Areas of tanks and paddy fields in Nikinigama

PW - Purana Wela Paths between villages
(Old paddy fields)

AW - Akkara Wela Minor footpaths
(New paddy fields)

TB - Tank bed paddy land



20.7 ha under the Timbirigama Wewa. In addition, there is
1.2 ha of tank bed paddy land, giving a total paddy land area

of 33 ha, or an average of 0.94 ha per household. Some of this
land, about 3 ha altogether, is owned by farmers living in other
villages, and is let to the villagers in Nikinigama under the
traditional system of renting out land called ande. However,
it is estimated that a similar area of paddy land is owned by
the farmers of Nikinigama in other villagers, and so the rents

paid (usually in the form of harvested paddy) effectively cancel
each other out.

The land below the Ihala Wewa is all Purana Wela. As

explained in Chapter 4, this land is only occasionally cultivated
since the tank is small and rarely fills sufficiently. In the
1977/78 Maha season, the tank was full enough to permit cultivation
of most of the paddy lands, and two farmers actually started to

prepare their land. However, it was found later that the sluice
was blocked, and despite several attempts to clear it, the blockage
could not be removed in time. In fact, this was of little

consequence to most of the villagers, who had lands under the other
two tanks. All of the land below the Pahala Wewa was cultivated,
and most of the land below the Timbirigama Wewa. The latter tank
rarely fills sufficiently to allow cultivation of more than a small
part of the paddy land below it, usually little more than the
Purana Wela lands near the tank. The farmers reported that it
was twelve years since there had last been enough water to cultivate
all the fields below the Timbirigama Wewa. Considering the size
of this tank, the area of asweddumised land beneath it is unusually

large, but the Akkara Wela fields, which comprise 17.6 ha of the
total area, are able to benefit from the overflow water of the
much larger Korapotana Wewa. The total area of paddy land
cultivated below the Timbirigama Wewa in the 1977/78 Maha season

was 13.5 ha or about two thirds of the asweddumised area. It is

possible that all of the land could have been cultivated if there
had been enough draught power available for ploughing; but there
were not enough buffaloes in the village and because the area of
paddy land cultivated in the surrounding villages was greater than
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usual that season, it was difficult to obtain buffaloes elsewhere.

There was not enough time or enough water to allow cultivation
of any of the fields at Timbirigama during the 1978 Yala season.

However, the Akkara Wei a fields below the Pahala Wewa were cultivated.

They were the first fields in the village to be sown during the
Maha season, and so there was time to prepare for a second cultivation
in March 1978. Because the Timbirigama Wewa was so unexpectedly
full during the Maha season, most of the villagers went to cultivate
their fields there first, and as a result many of the Purana Wela
fields under the Pahala Wewa were not sown until January 1978. Of
the tank bed paddy land, only the 0.5 ha extent at the side of the
Pahala Wewa was cultivated during the Maha season and none was

cultivated during the Yala season.

The total area of paddy land cultivated in the village was

therefore 23.3 ha, 20.6 ha in the Maha season and 2.7 ha in the
Yala season. Since there are 35 households and 203 people in
the village, this is equivalent to an average total area of
0.67 ha/household and 0.11 ha/capita. There were no crop

failures reported. Because of very heavy rains in the middle
of November 1977, many of the tanks in the vicinity overflowed
and most of the paddy fields below the Pahala Wewa and the
Timbirigama Wewa were completely flooded for 3 or 4 days. Since
a few of these fields had just been sown, there was some wastage
of time and money involved, but all of the fields thus affected
were later resown. The gross harvested area was therefore equal
to the gross sown area. To calculate the net harvested area it
is necessary, as pointed out earlier, to deduct the area covered
by the bunds and irrigiation channels.

A map of the Purana Wela fields below the Pahala Wewa is
shown in Figure 6.2, (excluding the small extent of 0.3 ha to
the side of the main tract). There are altogether 35 paddy fields
arranged in horizontal strips parallel to the tank. Each paddy
field consists of between 4 and 12 liyaddes which are separated
by narrow mud bunds about 20-30 cm high. Measured at the base
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the bunds vary in width between 30 and 70 cm, with an average of
50 cm. The total length of the bunds may be calculated as

approximately half the sum of the perimeters of all the liyaddes.
By this calculation half of the external perimeter of the
Purana Wela will also be included, but this is reasonable if it
is assumed that the area of the paddy fields is measured from
the top of the surrounding bank, about 0.25 m away from where
the paddy will actually start growing. Most of the liyaddes
are approximately rectangular in shape, and it is not difficult to
show that if the average ratio of the longer to the smaller sides is
a, then the perimeter p is related to the area A according to the
equation

P = 2 (a + /4 (6.1)
fa

(The same equation is derived in Appendix ZO in relation to the
areas of the village huts.) If there are altogether n liyaddes,
covering a total area of AT (including the bunds), then

AT = n A.

The sum of the perimeters of all the liyaddes (P ) is then given
by the relation

= z (a + 1)
T

If Py is measured in km and AT in ha, then this equation becomes

P = 0.2 (a + ]) vO: . (6.2)T ^ 1

For square liyaddes, a = 1, whence

pt = o.4 srrT



eaxh >S
If a = 2, so that,liyadde is twice as long as it^broad,

PT = 0.424 .

The difference is small; for a = 2, PT is only 6% greater
than for a = 1. On average, for most paddy fields in the
country, a will be less than 2, and so the following approximate
equation will hold:

PT = 0.41 /n At . (6.3)

The total width of the 35 paddy fields in Figure 6.2 is about
340 m and since the total area is 3.6 ha, the average length of
the paddy fields is approximately 106 m. There are altogether
294 liyaddes, giving an average of 8.4 liyaddes per paddy field.
The average width of a liyadde is equal to the average width of
a paddy field, that is,

340
- Q 7 m

IF '

and the average length of a liyadde is simply

106 _iocm

"FT " 12'6 m'

Hence the average value of a is

12.6
_ , -

"977 ~ '•J-

Substituting this value in Equation 6.2 gives

PT = 0.403 ^rrT . (6.4)

Inserting the values n - 294 and AT = 3.6 gives.

PT = 13.1 km.



The total area occupied by the bunds is therefore

I x 13.1 x 1000 x 0.5 = 3275 m2,

which is 9 per cent of the total area of the paddy fields.
Allowing a further 1 per cent for irrigation channels gives a

total correction of 10 per cent, compared to the average of
15 per cent assumed by the DCS for the whole island (14).

The net harvested area of paddy in Nikinigama is therefore
90 per cent of the gross harvested area, or

0.9 x 23.3 = 21.0 ha.

This is equivalent to an average of about 0.10 ha per person,

which is slightly more than the average size (net area) of a

paddy field in Figure 6.2.

In general, if there are N liyaddes per hectare, then it
is clear from Equation 6.3 that the total length of the bunds
per hectare will be approximately 0.2 /n (km). If the average

thickness of the bunds is t metres then the percentage of the
total area occupied by the bunds will be simply

B{%) = 2t/N . (6.5)

For the village N is approximately 80 and t is approximately
0.5 m, giving B = 9% as above.

6.3 Method of cultivation

Preparation of the paddy fields for cultivation in the Maha
season usually begins in September or October. In some areas

it is necessary first to clear the weeds and bushes which have

grown in the fields since the last cultivation, but in Nikinigama
this is rarely necessary since the buffaloes and cattle in the

village generally keep the weeds to a minimum. Ploughing begins
after the first Maha rains have soaked the land. Typically the



rains will start in mid-September. In Nikinigama, the first
rain of the 1977/78 Maha season fell on September 24th. The
land is usually ploughed twice, with a period of about ten days
elapsing between the first ploughing and the second. Practically
all of the ploughing is done by buffaloes; as already mentioned
in Chapter 4, only one farmer in the village owned a two-wheel
tractor and this was not used by any of the other farmers.
In between the two ploughings the sides of the bunds are cleared
of weeds with a mammoty and built up where necessary. Shortly
after the second ploughing the land is levelled again with buffaloes
this is done with a wooden levelling board which is pulled round
the field by the buffaloes, and on which the farmer stands to

keep it down. The water is then drained from the field, and a

pattern of small shallow drains is made in each liyadde immediately
prior to sowing.

All of the paddy sown in the village is broadcast. Because
of uncertainty over the supply of water in Nikinigama, it is
common to plant only three-month varieties for which transplant my
is not recommended. Most of the farmers will broadcast a small

quantity of fertilizer, usually urea, at the same time as the
paddy is sown. A few may apply more fertilizer at a later date
but the total quantity applied is generally low. While the
crop grows the water level in the paddy fields is kept high; this
reduces competition from weeds although most of the farmers spray

their crops with herbicides as well. Control of the flow of water
from the tank is important but it requires little labour.
Practically all of the farmers sprayed some form of pesticide,
mostly as a preventative measure against insect attack, to which
the NHYVs are more susceptible than the traditional varieties.

Harvesting is usually done late, when the grain has dried to
a moisture content of about 15% d.b. The crop is cut by hand with
small sickles and then heaped in stacks in preparation for threshing
Threshing is not always carried out immediately after harvesting;
sometimes the crop is stacked for as long as a month. All of the
threshing in the village is done with buffaloes, usually at night.
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The farmers work almost continuously, sometimes for 36 to 48 hours,
until the operation is complete. If there is a good breeze
blowing then winnowing is easy; otherwise the grain has to be
fanned on the ground with a kule, which is much more arduous.
Most of the straw remaining after the harvest is burnt on the
threshing floor, or else strewn over the paddy fields and burnt
there. The grain is transported back to the farmers' homes in
sacks containing between 2 and 3 bushels (40 to 60 kg). Where
possible this will be done with the aid of a bullock cart;
otherwise the farmers carry the grain on their shoulders.

6.4 Inputs to paddy cultivation in the village

The inputs to paddy cultivation in the village are in the
form of materials and human and animal labour. The material inputs
are seed, fertilizer, herbicides and pesticides. Tools, such as

ploughs, mammoties, sickles and chemical sprayers, may also be
considered as material inputs, but not in the same way. The
material inputs requireito operate the one tractor in the village
are not considered here, since the tractor was used only by the
owner (P. Samarapuliya) and the area of land cultivated was less
than 1 ha.

A survey of ten farmers in the village was carried out to
determine the average quantities of seed and agricultural chemicals
which were applied. The results are given in full in Appendix 13
and are summarised in Table 6.3. Numerous measurements were made

on the time taken for ploughing and other operations involved in
preparing the land, but only a few measurements were made on

harvesting and threshing, and most of these were on chena paddy.
Unfortunately the writer was not present in the village when
most of the irrigated paddy crop was harvested. However, various
studies have been made of the labour requirements involved in paddy
cultivation, and most farmers, both in the village and elsewhere,
were also able to give reasonably consistent estimates of the
time required to complete various operations.



Table 6.3 Material inputs to paddy cultivation in Nikinigama

Quantity (kg)

Reported
total

Average
per ha

Average
per capita
per year

Seed paddy 795 118 13.6

From village 542 81 9.3

Bought outside 253 38 4.3

Fertilizer (all urea) 569 85 9.7

Herbicide 4.7 0.7 0.08

Pesticide 4.1 0.6 0.07

Costs of imports (Rs)

Seed paddy 525 78 9

Fertilizer (urea) 620 92 11

Herbicide 235 40 5

Pesticide 365 59 7

Source: Calculated from data given for 10 farmers in Appendix 13.

Calculations:

1) Average per ha: calculated by dividing reported totals by
areas cultivated. Costs of herbicides and pesticides not
reported by all farmers so areas less than total for all
ten farmers (6.71 ha).

2) Average per capita per year: calculated assuming same inputs
per ha for all 23.3 ha of paddy land cultivated in 1977/78
Maha and 1978 Yala. Population of village 203 persons.
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Material inputs

The variety of paddy sown by practically all the farmers
in the village is BG34-8, which according to the CRBS (8) has
a duration during the Maha season of 92 days. Appendix 13

(Table A13.2) shows that this variety was sown by all of the ten
farmers interviewed, and that it accounted for about 95 per cent
of the total quantity of paddy sown during the 1977/78 Maha season.

The only other variety reported was BG11-11, which has a duration
of 4 to 4J months. None of the farmers bought certified seed
paddy from the government co-operative. About half of them
used their own paddy, and just over 30 per cent of the total quantity
sown was bought from outside the village, at an average price of
about Rs 44/bu (Rs 2.1/kg). Most of the farmers reported a

sowing rate of 2 bu/acre (104 kg/ha), but because the areas

reported in the Purana Wela below the Pahala Wewa are greater than
the actual areas, the actual sowing rate is estimated to be almost
120 kg/ha (see Table 6.3).

The only fertilizer used by the ten farmers interviewed was

urea. Three of the farmers did not apply any fertilizer at all
and the average quantity applied by the others varied seven-fold,
from 60 to 420 kg/ha. The average rate of application over all
the paddy land cultivated by these farmers was 85 kg/ha, giving
an estimated total consumption in the village, over both seasons,

of almost 2 t.

Seven of the farmers interviewed used herbicides, the most

popular kind being "M50", which contains 50 per cent MCPA as the
active ingredient. All but one of the farmers sprayed their
crops with pesticides, in most cases more than once.. The most

commonly used type was "Lebaycid", which is a broad-range
organo-phosphoric pesticide. The total cost of these herbicides
and pesticides averaged almost Rs 100/ha, equivalent over the whole
village to about Rs 12/capita/y. This is approximately the same

as the average expenditure on fertilizer.

The most important of the agricultural tools used by farmers
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in paddy cultivation is the mammoty. These are made in various

sizes, and at the beginning of 1978, cost an average of Rs 35 to 40.
On a hectare of paddy land they will last for little longer than
one season, giving an average cost of about Rs 30/ha. The ploughs
used in the village are tyne ploughs, and are made by the farmers
themselves, except for the metal parts which are bought from a

blacksmith at a cost of about Rs 25. The point of the plough
wears down rapidly, and in one season will probably last for the
double ploughing of about 1 ha on average. Sickles cost between
Rs 10 and Rs 15 each, and with sharpening will last about two seasons

on 1 ha. The total cost of all these tools amounts to about Rs 60/ha.
With a total of 23.3 ha of paddy land cultivated in 1977/78, this
is equivalent to almost Rs 7 per capita per year. Only three of
the farmers in the village own hand sprayers and these cost about
Rs 300 to 400 in 1978. The other farmers borrow or hire them

when necessary. In addition, the farmers have to buy gunny bags
in which to store their paddy; a three bushel gunny bag cost about
Rs 10 in 1978. The total cost of all the tools and accessories

to paddy cultivation in the village was probably about Rs 10/capita/y
in 1977/78.

Buffalo labour

For ploughing the buffaloes are always harnessed together in
pairs. Sometimes two pairs are used together, one following behind
the other, but most of the ploughing and levelling in Nikinigama
was done with one pair alone. In other areas it is not uncommon

to see three or four pairs of buffaloes working together. Seven
of the farmers in Nikinigama own buffaloes and it is estimated that
there are about 70 buffaloes altogether in the village. At least
30 of these should be capable of ploughing if properly trained, but
in the 1977/78 Maha season only eighteen were actually used, and only
ten of these were considered by the farmers to be adequately trained.
As the area of paddy land cultivated in Nikinigama is usually much
less than it was in the 1977/78 Maha season, many of the buffaloes
had never been used for ploughing before. According to Gunaretnam

(1978), it has been shown that a maximum of only 40 per cent of the
buffaloes in any herd are suitable as draught animals (23). However,



this figure is based on the assumption that only male buffaloes
will be used, which is not the case in Nikinigama.

It is estimated by farmers in Sri Lanka that a trained pair
of buffaloes will be able to plough about half an acre (0.2 ha)
of paddy land a day. Gunaretnam gives the same rate (24). The
maximum possible rate is estimated to be 0.75 acres/day (0.3 ha/d)
Measurements of the speed of ploughing in individual liyaddes were

carried out by the writer both in Nikinigama and elsewhere. The
average rate of ploughing for 20 liyaddes in the village was found
to vary between 3.2 and 8.4 m2/min, with an overall average of
4.9 m2/min (SE = 0.28). For further calculation a rounded rate
of 5 m2/h is assumed; this is equivalent to 300 m2/h, or assuming
6 h of actual work per day, 0.18 ha/d. These areas are net areas

As shown in Section 2 of this chapter, the bunds and irrigation
channels account for about 10 per cent of the total area of the
paddy fields, so that the gross area ploughed per day will be
about 0.2 ha, as estimated by the farmers. One hectare of paddy
land will therefore take about 5 days to plough with one pair of
buffaloes. When two pairs of buffaloes were used it was observed
that the ploughing rate was about twice as high as for one pair.
Untrained buffaloes were generally tethered together with trained
buffaloes, or were taken in pairs behind trained pairs. On their
own they tend to work faster than trained buffaloes, but they are

not able to plough for as many hours in a day, and they quite
often rush off from the paddy fields in the middle of ploughing,
to wallow in some nearby pool of water.

Levelling was observed to take about half as long as

ploughing, so that two ploughings and one levelling of a hectare
of land will take about 12.5 day5} or 75 hours of actual work,
with a single pair of buffaloes. Over the 23.3 ha cultivated
in 1977/78, this is equivalent to about 580 buffalo-days of
work, or since a total of 18 buffaloes were used, an average of
about 30 days per buffalo. This work was not continuous.
Just over a tenth of the total area was cultivated during the
Yala season and during the Maha season preparation of the paddy



fields extended over a period of three months, from the beginning
of October to the beginning of January.

Threshing of the paddy in the village was done by driving
five or six buffaloes over the sheaves in a circular motion, the

pace being set by a trained buffalo at the centre. According
to the villagers, the threshing of the paddy from one acre

(0.4 ha) of land would take about a day (or a night, since the
most of the threshing was done during the night). Threshing
larger quantities would not take proportionately longer but
most of the farmers would only thresh the paddy from about
0.5 ha at a time. It is estimated, therefore, that the threshing
of the paddy from 1 ha would require about 15 hours of actual
work with 5 buffaloes, or 75 buffalo-hours.

To estimate the quantity of energy expended by the buffaloes
in paddy cultivation, reference is made to work recently carried
out by Lawrence (1982). According to experiments carried out
by Lawrence on Brahman cattle, the extra energy expended in
walking [ME) above the maintenance energy requirements is given
by the relation (25):

ME (kJ) = 0.0015 WD (6.6)

where W is the weight of the animal in kg,
D is the distance travelled in metres,

and v is the speed of walking in m/s.

It is assumed that the same equation holds for water buffaloes.
The equation may be rewritten in the form:

BEw (W) = 1.5 W 71 ,5 (6.7)

where BEw is the rate (measured in watts) at which energy is
expended by the buffalo in walking (above the maintenance rate).

The extra energy expended in pulling a load, above the energy



expended in maintenance and walking is given by the relation (25):

ME (kJ) = P D F (6.8)

where P is the pull in kg,
D is the distance in metres,

and is a constant factor equal to 0.03 for water buffaloes.
This equation may be rewritten in the form

BEp (W) = 30 P V (6.9)

where BEp is the rate (measured in watts) at which energy is
expended by the buffalo in pulling (above the rate for maintenance
and walking).

The total rate (BE^) at which energy is expended by a buffalo
in pulling a load (above the maintenance rate) may be calculated
by adding Equations 6.7 and 6.9 and rewriting as follows:

BEwp ^ = 1*5 7 ^ + 20 P)' (6.10)
The indigenous buffaloes in Sri Lanka are of the Swamp

breed. According to Cockrill (26) the working Swamp buffalo
is usually less than 320 kg in weight. Gunaretnam (27) gives
an average weight of 500-600 lb (230-270 kg), and accordingly
an average of 250 kg is assumed in the present study. The speed
at which the buffaloes walk when ploughing was measured on several
occasions by walking behind the buffaloes with a bowed stick of
a known length. The measurements showed a variation in speed
of 0.3 to 0.6 m/s (1.1 to 2.2 km/h) with an average of about
0.45 m/s (1.6 km/h). These speeds are very low but the mud in
the fields is often 20 to 30 cm deep, and it would be difficult
for the farmer to maintain a speed of more than 0.6 m/s without
losing his balance.

The pull exerted by the buffaloes in ploughing is difficult
to estimate. According to the FA0 (1972), bovines can exert an



average tractive effort in ploughing of between one seventh and
one tenth of their weight (28). For two buffaloes weighing
250 kg each, this would imply a total pull of between 50 and
70 kg. According to data given by the Indian Council of
Agricultural Research (1969), the draught/weight ratio for
bullocks used in different parts of India varies between 0.08
and 0.19 (29), which would suggest a pull of between 40 and 95 kg
for the two buffaloes above. The weights of five ploughs used
in the village were found to vary between 11 and 18 kg, with an

average of 14 kg. The pull exerted by the buffaloes is obviously
considerably greater than this; indeed it was observed that the
farmer often exerted a considerable downwards force on the handle

of the plough. From the figures given above it seems likely
that the total tractive force on the plough would be about 60 kg,
which implies a pull of 30 kg per animal. A similar force would
be required in levelling since the farmer stands on top of the
levelling board during most of the operation.

Substituting the values w = 250 kg, V - 0.45 m/s and
P - 30 kg in Equation 6.10 gives

BE = 520 W.
wp

The total rate of energy expenditure for two buffaloes ploughing
a field in the village will therefore be about 1 kW above the
maintenance rate. In threshing it was observed that the
buffaloes walk slightly faster than in ploughing. Obviously
the buffalo on the outside will walk considerably faster than the
one on the inside of the circle; indeed the speeds will be in
the same ratio as the radii of the circles on which they move.

Assuming that there are five buffaloes evenly spaced between the
centre of the circle and the outside, then the ratio of the speeds
will be simply 1:2:3:4:5. If the average speed of the buffaloes
(equal to the speed of the centre buffalo) is 0.6 m/s, then by
Equation 6.7, the total rate of energy expenditure for all five
buffaloes will be,
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IS IS IS IS IS "IS
2 BE = 1.5 x 250 x 0.2 (l1*0 + 21,3 + 3 + 4I,D + 5 -5)w v '

= 950 W.

This is very close to the total for ploughing, where only two
animals are used. As these calculations are only approximate,
it is reasonable to assume that the average rates of energy

expenditure per buffalo (above maintenance) will be about 0.5 kW
for ploughing and levelling, and 0.2 kW for threshing.

If the buffaloes did not work they would spend most of their
time wallowing in the water. The calculation of the maintenance
energy expenditure for livestock includes an allowance for activites
necessary for survival (30). The energy expenditures calculated
above are therefore measures of the extra energy expended in work,
and may be used directly to calculate the animal energy input to

paddy cultivation. The calculation of the total quantities of

energy involved is summarised in Table 6.4. The animal energy

input to ploughing is over 200 MJ/ha but levelling and threshing
each require only a quarter of this quantity. The total animal
energy input to paddy cultivation amounts to about 300 MJ/ha,
which is equivalent, over all the paddy land cultivated in the
village to almost 40 MJ/capita/y. This is, of course, the input
of metabolisable energy. Since the metabolisability of the diet
consumed by the buffaloes in the village is only 0.44 (see
Chapter 2, p.109), the gross energy input associated with the
work in paddy cultivation will amount to about 700 MJ/ha or

85 MJ/capita/y.

Human work

An estimate of the work done by the villagers in the various
operations involved in paddy cultivation is shown in Table 6.5.
The time spent on each operation was estimated from measurements
and observations made by the writer in Nikinigama and in other
nearby villages. The average rates of energy expenditure for the
major activities involved have already been estimated in Tables 5.7

(village men) and 5.11 (village women). For other activities an



Table6.4

Workofbuffaloesinpaddycultivation Ploughing (twice)

Level1ing

Threshing

Total

Animalsrequired/ha

2

2

5

Durationofwork:hours/ha
60

15

15

Workinput:buffalo-hours/ha
120

30

75

225

buffalo-days/ha

20

5

12.5

37.5

Extraenergyexpenditure inwork:kW/buffalo

0.5

0.5

0.2

Animalenergyinput:MJ/ha
216

54

54

324

Averageenergyinputoverall land*MJ/capita+

25

6

6

37

MJ/buffalo++

280

70

70

420

Averageanimallabourinput overallland* days/buffalo

26

6

16

49

Source:Seepreceedingtext. *23.3hapaddylandcultivatedin1977/78. 203personsinvillage.
4--L

18workingbuffaloesinvillage.



Table 6.5 Human work in paddy cultivation

Operation Duration
of work
(no rest)

Activity
number *

Average
energy
expenditure *

Human
energy
input

h/ha W MJ/ha

Ploughing (Twice) 60 M9 350 54

Levelling 15 Ml 2 250 8

Clearing and plastering bunds 120 Ml 5 400 130

Final land preparation and )
broadcasting of fertilizer j
and seed )

50

M14 |
Ml 5 )
M16 |
Ml 8 )

300 36

Spraying herbicides and
insecticides 30 M19 250 16

Reaping
(70

( 70

F8

M20

250

300

40 )
) 90

50 )

Collecting and stacking sheaves: 25 M21 300 18

Threshing 100 - 250 54

Winnowing and bagging 50 - 250 27

Other (repairing broken bunds,
fencing, irrigation control) 50 - 250 27

Total 640 - - 460

Source: See text.

* See Tables 5.7 and 5.11.

+ Calculated according to Equations 5.7 and 5.8.

Note: All work done by men except for 70 hours threshing done by women.
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average rate of 250 W/50 kg has been assumed. The human energy

input corresponding to each operation has been calculated according
to the method described in Chapter 5, Section 3.

The times spent in ploughing and levelling are the same as

were estimated above for the buffaloes. The clearing and plastering
of the bunds around each liyadde was observed on several occasions.
The work is arduous and takes a long time. The average working
rate for clearing one side of a bund was observed to vary between
0.8 and 1.6 min/m, with an average over 900 m of 1.2 min/m.

Plastering the bunds is not so time-consuming and it is estimated
that together the two operations take about 2 min/m for each
side of the bund. As shown in Section 2 of this chapter, the
total perimeter length for all the liyaddes in the Purana Wela
below the Pahala Wewa is 13.1 km. Since the total (gross) area

of these fields is 3.6 ha, this is equivalent to about 3.6 km/ha.
Clearing and plastering the bunds in a hectare of paddy land in
the village would therefore take about 120 hours or 20 man-days.
Data collected by Nanayakkara (1969) in the Gal Oya valley indicate
an average of 7 man-days/acre or 18 man-days/ha for the two

operations (31).

Final preparation of the land, immediately before the seed
is broadcast, involves levelling (with hand-levellers), making
drains, final patching of the bunds, and applying a basal
fertilizer dressing. The work is all done on the same day, usually
with several men working together. Measurements carried out in
Serukadawela (4 km from Nikinigama) showed that 5 men took a total
of 705 man-minutes (excluding all rest periods) to complete these
operations and the broadcasting of the seed on 7 liyaddes, with a

total net area of 2160 m2. This is equivalent to an average

working rate of 3 m2/min, or 50 man-hours per gross hectare.

Analysis of the data given in Appendix 13 on the application
of herbicides and pesticides in the village (see Tables A13.4 and
A13.5) shows that, on average, each hectare of land was sprayed
2.6 times. (This includes land not sprayed at all.) The average
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reported number of man-days work per spraying per hectare (actual
area) was 1.8. Assuming 6 hours actual work per man-day, this
implies a total of 28 hours work per hectare on average.

Reaping of paddy in a chena, in January 1978, was observed
to take two women an average of 0.5 min/m2. (The time was measured
for two marked-out areas, and agreed approximately with the time
reported by the two women for the total extent.) Assuming the
same rate per net m2 in a paddy field would imply a total of 150
woman-hours per gross hectare. Men would work slightly faster
and it is estimated that working together, a man and a woman in
the village would take about 70 hours to reap the paddy from an

average gross hectare.

From approximate times reported by the villagers, and from
the writer's own observations, it is estimated that collecting and

stacking the sheaves would require about 25 man-hours of work per

gross hectare, threshing (preparing the threshing floor, stacking,
driving the buffaloes, and forking the sheaves) about 100 man-hours/ha,
and winnowing and bagging about 50 man-hours/ha. Altogether, therefore,
the harvesting operation on a hectare of paddy land in the village
would require about 300 man-hours of work, or almost half of the
estimated total labour requirement in Table 6.5.

The labour input to paddy cultivation estimated by other writers
varies considerably. Nanayakkara, referred to above, gives a total
of 44 days work per acre (43 man-days plus 1 woman-day) for paddy
cultivation with broadcasting and chemical weeding. This is
equivalent to about 109 d/ha. The adoption of other cultivation
practices apparently has little effect on the labour requirement
(32); the production of seed paddy, however, is estimated to
require an input of 77.5 days/acre (33), equivalent to over 190 d/ha.
Ranatunga and Abeysekera (34) report requirements ranging from
50.7 to 97.5 man-day equivalents per acre (125 to 241 d/ha) for
paddy cultivation in various parts of the country. A similar
range is reported by Izumi and Ranatunga (35).
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Assuming an average of six hours actual work per man-day,
the total labour requirement in Table 6.5 is equivalent to 107 d/ha.
However, much of the work is quite heavy and the farmers do not

always work for six hours. It has already been estimated that,
on average, the human energy input to work by a male adult in the
village is about 3 MJ/d (see Table 5.18). On this basis, the
total human energy input of 460 MJ/ha to paddy cultivation in the
village is equivalent to 153 man-days/ha.

With a total of 23.3 ha of paddy land cultivated in the village,
the human energy input is equivalent to about 53 MJ/capita/y, or

just under 10 per cent of the total human energy input to work
(570 MJ/capita/y). For the sixty or so men in the village who
do most of the agricultural work the energy input to paddy
cultivation amounts to 16 per cent of their total energy input to
work.

6.5 YieIds of grain and straw

Paddy yields in Nikinigama are not high, and are certainly
well below the average for the Anuradhapura district. The farmers
do not always measure the quantity of paddy which they obtain from
their fields, and, as already pointed out in Section 2 of this
chapter, the reported areas of the fields sometimes differ considerably
from the actual areas. In May 1978, when the writer left the
village, many of the farmers had still not completed the theshing
of their Maha paddy crop and were therefore unable to report the
yield obtained. It was generally agreed that the average yield in
the fields below the PahalaWewa was about 30 bu/acre (1.6 t/ha).
This is a gross yield (kg per gross ha), and if it refers to the
Purana Wela fields then the actual yield will be about 75 per cent

higher, or approximately 2.7 t per gross ha. Several farmers
anticipated that the yields from the land below the Timbirigama
Wewa would be much higher since most of the fields had not been
cultivated for a long time. One farmer expected to obtain as

much as 60 bu/acre (3.1 t/ha) from his portion of the Akkara Wela.
However, another farmer who cultivated 2 acres (0.81 ha) in the
same tract reported that he had obtained only 70 bu in the 1977/78
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Maha season. This is equivalent to a gross yield of only 1.8 t/ha.

In the absence of any actual measurements it is impossible to

give anything more than a rough estimate of the average yield
obtained in Nikinigama. Reported gross yields in other nearby
villages varied from 30 to 50 bu/acre (1.6 to 2.6 t/ha) and it
seems unlikely that the average yield in Nikinigama would be
much above 2 t/ha. Assuming a gross yield of 2 t/ha, the total
production of paddy in the village in 1978 would be between 45
and 50 t, or approximately 230 kg/capita. The dry basis heat of
combustion of paddy is about 18 MJ/kg (see Chapter 2, p.110) and
assuming a moisture content of 15% d.b., the energy content of
the paddy crop will be about 3.6 GJ/capita/y.

The grain to straw ratio for the new high-yielding varieties
of paddy is considerably lower than for most traditional varieties.
The new varieties are generally early maturing and have shorter
culms at harvest. In nitrogen response trials carried out at
the CRBS (36), the average grain to straw ratio for BG34-8 (at
harvest) varied from 0.88 when no nitrogen was applied to between
1.15 and 1.19 when varying quantities of nitrogen fertilizer were

applied. However, the average yields in these trials were relatively
high (all over 3 t/net ha) and it is likely that there would be
fewer empty grains than is common in the village. Accordingly it
was decided to assume an average grain to straw ratio of 0.9 for
the paddy produced in Nikinigama. The weight of straw produced
would then be about 2.2 t/ha or 260 kg/capita/y. However, the
heat of combustion of air-dry paddy straw (m.c. 15% d.b.) is only
about 14 MJ/kg (see Table 2.4), and so the energy content of the
straw produced is equivalent to about 3.6 GJ/capita/y, the same

as the energy content of the paddy.

6.6 Paddy processing

As already mentioned, a substantial proportion of the paddy
grain needs to be removed before the grain is fit for human
consumption. The outermost layer, called the husk (or hull),
which generally accounts for about a fifth of the total weight,



309

is inedible. In addition it is necessary to remove at least part
of the bran, comprising the inner layers - the pericarp, the
tegmen (or seed coat) and the aleurone layer - and the embryo,
which is easily detached from the starchy endosperm. Altogether,
the total weight removed in the milling process will be at least
25 per cent, and sometimes as much as 50 per cent, of the original
weight of paddy. If the paddy is milled raw, then a substantial
proportion of the rice grains may shatter into small fragments,
many of which will be blown away with the husk and bran. However,
if the paddy is boiled in water and then redried before milling,
a process known as parboiling, then the risk of breakage will be
reduced. The starchy endosperm, which accounts for the largest
part of the grain, is composed of starch granules arranged in a

crystalline structure. The breakage which occurs during milling
is due to cracks in this structure which develop as the grain matures.

Parboiling causes gelatinization of the starch molecules, and the
crystalline structure becomes an amorphous structure in which cracks
are less likely to develop.

Milling losses depend to a large extent on the type of mill
that is used. Large modern mills, with rubber rollers, are

capable of highermilling returns than smaller huller mills with steel
rollers. As might be expected, the difference is most noticeable
for raw rice: a milling return of over 70% is possible in a

modern rice mill, compared to only about 60% in a small huller
mill. For parboiled rice the difference is minimal: an average

return of 70% or more will be possible with both types of mill,
and the modern mill will produce at most 2-3% more than the
traditional mill (37).

Most of the villagers in Nikinigama take their paddy to a

small huller mill in Korapotana, about 2 km away. Tests carried
out by the writer at this mill indicated average yields, over a

total of about 500 kg of paddy, of 60% for raw paddy and 72% for
parboiled paddy (38). Some of the younger women in the village,
particularly those in the poorer families, pound their paddy at
home with a mortar and pestle. However, it was observed that the
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average yields obtained by hand pounding were approximately the
same as those obtained at the mill, although the percentage of
broken grains was higher.

Most of the villagers appear to find raw rice tastier, but
because of the difference in milling yields, parboiled rice is
eaten more often. The poorer families will parboil almost all
of their paddy, but the greater the quantity of rice that a family
can afford to eat per day the higher will be the proportion of raw

rice. In April and May, when performance tests were carried out
at the nearby mill, it was observed that 70% of the paddy brought
for milling was parboiled and 30% was raw. As one would expect
the consumption of raw rice to be higher at this time of year,

following the harvest of the chena crops, it is reasonable to
assume that over the whole year the ratio of parboiled to raw

paddy consumed in the village is about 80 to 20.

It has already been estimated that the average consumption of
rice in the village was about 100 kg/capita/y in 1977/78 (see
Table 5.16). Of this, the rice ratio, at 2 lb (0.91 kg) per person

per week, would account for 47 kg. Assuming the average milling
percentages above, the consumption of raw paddy from the village
would therefore be about 15 kg/capita/y and the consumption of

parboiled paddy just over 60 kg/capita/y. The production of
paddy from the fields in the village was estimated in the previous
section to be about 230 kg/capita/y. In addition to this there
is an estimated 60 kg/capita/y produced in the chenas (see Chapter 7),
which gives a total production of 290 kg/capita/y. Home consumption,
at 76 kg/capita/y, amounts to only about a quarter of this.

It was observed that about one third of the paddy consumed
in the village, or 25 kg/capita/y, was hand pounded (see Appendix 5).
Altogether, hand pounding takes about 15 min/kg, of which 10 min
is for pounding and 5 min for winnowing. The average energy

expenditure given for pounding in Table 5.11 is 250 W/45 kg woman.

Assuming an expenditure of 200 W/45 kg for winnowing, gives a total
human energy input, calculated according to Equation 5.8, of 0.13 MJ/kg
for the whole operation. Over the year, therefore, the average
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human energy input to hand pounding is only about 3 MJ/capita.
This is small compared to the total estimated input of 53 MJ/capita/y
to paddy cultivation in the village (see Section 6.4). However,
expressed per kilogramme of paddy, the difference is not so great.
With a total production of 230 kg/capita/y, the input to cultivation
is equivalent to about 0.23 MJ/kg which is only 75 per cent greater
than the input to hand pounding.

The normal charge for milling at the local huller mills is
Rs 2 or one heaped measure of rice per bushel of paddy milled.
Most of the farmers pay the Rs 2, which is cheaper since the market
price of a heaped measure of rice is about Rs 3.3. Since a

bushel weighs 21 kg (see Appendix 7), this charge is equivalent to
Rs 95/t. As the average quantity of paddy milled in the village
is about two-thirds of the total consumption, or 51 kg/capita/y,
the average charge for milling is about Rs 5/capita/y. The
additional input of human labour in taking the paddy to the mill,
and winnowing the milled rice, is small. Not all of the farmers
go to the mill at Korapotana, but the average distance travelled
to the mill is only about 3 km (see Appendix 5). The average energy

expenditure for cycling with a load of 10-25 kg at a speed of
12 km/h is about 300 W/50 kg man (see Table 5.7). The human energy

input for the return journey of 6 km is therefore about 0.36 MJ
per bushel, or about 17 kJ/kg (by Equation 5.7). Carrying the
paddy by foot would require rather more than this, about 40 kJ/kg
(see Table 5.7, activity M6b). As most of the paddy is carried
by bicycle the average requirement would be approximately 25 kJ/kg.
Winnowing the milled paddy to clean it properly takes about 3 min/kg,
and at an average energy expenditure of 200 W/45 kg woman, involves
a human energy input of only 20 kJ/kg. The total human energy

input required for taking paddy to the mill is therefore about
45 kJ/kg, or a third of the input for hand pounding. Over the
year, this additional input will amount to about

51 x 0.045 ~ 2 MJ/capita.
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6.7 Energy consumption by buffaloes

According to the U.K. Agricultural Research Council (1980),
the fasting heat production (F) of cattle (castrates and heifers)
is related to their body weight (w) according to the equation (39):

F = 0.53 (W/].OS)0,67,

where F is measured in MJ/d and W in kg. The energy expenditure
in standing and walking (the activity allowance) is given as an

additional 0.0043 W (MJ/d). The minimal metabolism (Z) is
taken as the sum of these two quantities, and the total metabolisable
energy requirement for maintenance is then calculated as Z/fe^,
where kthe efficiency with which the metabolisable energy of
the diet is used for maintenance, is related to the metabolisability
of the diet (Q) according to the relation:

k = 0.35 Q + 0.503.
m

Combining these relations, and simplifying, gives a total metabolisable
energy requirement for maintenance of

^ _ (503 W0-67 + 4.3 W) ,c 11X

MEm J/d) = (503 + 350 Q) * (6J1)
According to Mathers and Lawrence (40), the maintenance energy

needs of draught animals (Brahman cattle and buffalo) appear to be
very similar to those of European cattle. As pointed out in
Section 4 of this chapter, the average adult weight of the buffaloes
in the village is about 250 kg. The metabolisability of their
diet has already been calculated to be about 0.44 (see Chapter 2,
p.109). According to Equation 6.11, then, their maintenance energy

requirement will be about 33 MJ/d or 12 GJ/y. A slightly simpler
formula for the maintenance energy requirement of beef cattle and
dairy cows is given by MAFF (41), and for W = 250 kg it gives a

value of 31 MJ/d. Although this estimate includes an activity
allowance of 10 per cent of the fasting metabolism, and an extra

safety margin of 5 per cent, the assumed value of kis 0.72,
whereas for the buffaloes in the village kshould be 0.68 (42).
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Adjustment of the formula given by MAFF for this value of kgives
ME - 33 MJ/d as above.

m

It might be argued that the activity allowance for the
buffaloes in the village should be greater than that allowed for
European cattle, since they have to walk further in search of food.
According to Equation 6.11, the increment for standing and walking
is only 5 per cent of the fasting metabolism for a body weight
of 250 kg. However, the incremental energy expenditure for
activity by the buffaloes does not appear to be very great.
According to the figures derived in Table 6.4, the buffaloes
used as a source of draught power in the village expended an

additional 420 MJ of metabolisable energy in a total of 49 days
of work. This is equivalent to about 9 MJ/d or 3 GJ/y. In other
words, even if the working buffaloes in the village did six hours
work in paddy cultivation every day of the year, their metabolisable
energy requirement would still be only about 25 per cent greater
than the maintenance requirement. In fact, as the buffaloes only
work 49 days in wet paddy cultivation, and a further 4.5 days in
threshing the paddy produced in the chenas (see Chapter 7), their
total metabolisable energy requirement is only about 12.5 GJ/y,
or 4 per cent above the maintenance requirement.

In estimating the total metabolisable energy requirement of
the 70 buffaloes in the village, an allowance must be made for
the lower weights of the younger cattle and for some of the female
adults. For body weights of 100 kg and 200 kg, Equation 6.11
gives maintenance requirements of about 17 MJ/d and 28 MJ/d respectively
(assuming Q = 0.44 as above). If there were 20 buffaloes in the
village weighing 250 kg, 25 weighing 200 kg and 25 weighing 100 kg,
on average, then the total maintenance requirement would be about
1.8 GJ/dy, or an average of 26 MJ/d per buffalo. This is a little
over 75 per cent of the requirement for a 250 kg adult. An
allowance would have to be made for growth, of course, and also
for lactation and pregnancy. However, these additions would not
alter the average by very much. The buffaloes in the village are
not well-nourished, and the lactating cows are often hardly able to
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produce enough milk even for their calves. A mean live weight
gain of 0.25 kg/d (91 kg/y) for the young cattle would increase
their metabolisable energy requirement to about 22 MJ/d (43),
but assuming the weight distribution of the population above,
the average requirement per buffalo would increase only to
27 MJ/d. This is just over 80 per cent of the requirement for
a 250 kg adult.

For the human population in the village, and on average for
the rural population in Sri Lanka, it has been estimated that one

caput is approximately equal, in terms of energy consumption, to
about 0.75 male adults. If the same were true for the buffalo

population the average metabolisable energy requirement per buffalo
would be about 25 MJ/d. However, data produced by Odend'hal (1972),
for a population of 3770 cattel in West Bengal, suggest that the
ratio of energy requirements may be much lower than 0.75. The
average gross energy intake (GE) of a male adult is given as

21,688 kcal/d (91 MJ/d) and Odend'hal calculates (44) that the
total gross energy consumption of the whole population is 5.433 x

107 kcal/d (277 GJ/d). This is equivalent to an average consumption
per head of cattle of 60 MJ/d, which is only 66 per cent of the
adult male consumption. Applying this figure to the present study
would suggest an average metabolisable energy requirement per

buffalo of 22 MJ/d. In contrast to Odend'hal's figures, however,
Smith (1980) estimates that the average metabolisable energy

requirement of the additional livestock units necessary to maintain
a population of draught animals is higher than that of the draught
animals themselves (45). The total energy requirement of each
500 kg ox is estimated to be 25.83 GJ/y, which is equivalent to
71 MJ/d, whereas the requirement for the other livestock units
is given as 74 MJ/d.

In view of these conflicting data is was decided to assume

an average requirement per buffalo of 25 MJ/d. Expressed per

capita of the human population the total requirement of the
buffaloes in the village is equivalent to 3.1 GJ/capita/y. The
corresponding gross energy intake, and the energy in the faeces,



urine and methane gas produced, may be estimated from the figures

given in Figure 2.6. The total energy input to work in the
village amounts to about 39 MJ/capita/y, 37 MJ in wet paddy
cultivation (see Table 6.4) and about 2 MJ in threshing the chena
paddy (see Chapter 7). This is only about 1 per cent of the
total quantity of energy released as heat by the buffaloes. If
the eighteen buffaloes used as draught animals were worked for

say 250, rather than only about 50 days in the year, then the
energy input would account for almost 200 MJ/capita/y, or 6 per

cent of the total heat production of the buffalo population. The
maximum energy input to work, if 30 of the 70 buffaloes were used
6 hours a day, 250 days a year, would be just over 300 MJ/capita/y
or more than eight times the present input.

6.8 Energy flow diagram

An energy flow diagram, showing all the major inputs and
outputs involved in the cultivation and processing of paddy in
the village, is given in Figure 6.3. A wet basis heat of
combustion of 15.5 MJ/kg has been assumed for paddy and rice and
also for the milling and pounding wastes. This is equivalent
to a dry-basis heat of combustion of 18 MJ/kg (see p.110 for
paddy, Table 2.8 for rice and Table 2.9 for rice mill feed), and
a moisture content of 15% d.b. For paddy straw, as already
mentioned, the wet basis heat of combustion is 14 MJ/kg at the
same moisture content (see Table 2.4).

The material inputs to paddy cultivation, and their average

costs, have already been summarised in Table 6.3. The production
of paddy from the irrigated land in the village in 1977/78 was

estimated in Section 5 of this chapter to be about 230 kg/capita/y.
This was augmented by a further 60 kg from the chenas (see Chapter 7)
so that total production was approximately 290 kg, equivalent to
an energy flow of 4.5 GJ/capita/y. It is estimated that storage
losses, due to insects and rodents, would account for about 5 per

cent of this total, or 14.5 kg/capita/y. Seed paddy accounts for
9.3 kg/capita/y and the quantity of paddy consumed within the
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village for a further 76 kg. This leaves 190 kg for sale,
which is equivalent, at an average price of Rs 38/bu (Rs 1.8/kg),
to a cash income of about Rs 340/capita/y.

The quantities of paddy parboiled in the village, and the
quantities taken to the mill rather than pounded at home, have
been calculated directly from the assumptions described in
Section 6. These are as follows:

Total rice consumption = 100 kg/capita/y;
Rice ration = 47 kg/capita/y;
Proportion of paddy parboiled = 4/5;
Proportion of paddy hand pounded = 1/3;
Milling or hand pounding return for raw paddy = 60%;
Milling or hand pounding return for parboiled paddy = 72%.

The milling and pounding wastes, which consist of husk, bran and
broken rice fragments, have been included in the diagram in order
that the energy flows may balance. However, the milling wastes
are not returned to the village but are dumped outside the mill.
The energy input to parboiling, in the form of firewood, is
estimated in Chapter 9.
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CHAPTER 7 CHENA CULTIVATION

7.1 Introduction

Chena cultivation has been practised in Sri Lanka for
thousands of years. It forms an integral part of the traditional
three-fold system of land-use already described in Chapter 3,
Section 5. In years when the rainfall is low, it may be the
only major source of income for many villages in the Dry Zone.
The irrigation tanks on which lowland paddy cultivation depends
often do not fill adequately to allow all of the paddy fields to
be cultivated. Even if there is enough water, however, chena
cultivation is still practised. Clearing of the chena lands
in preparation for the Maha season rains begins in June or July,
and sometimes even as early as May (1). By the time the first
rains arrive in September, most of the chena crops will already
have been sown. Thus even if there is a good rainfall during
the season, and the tank fills adequately to ensure a good lowland
paddy crop, must of the work involved in chena cultivation will
have been done previously. Were they assured of an adequate
supply of water, it is possible that many farmers would give up this
type of shifting agriculture altogether; but so long as there is
any uncertainty about the supply of water, most farmers will
continue to open up chenas. In this way, chena cultivation may

be seen as an insurance against the possible failure or inadequacy
of the monsoon rains. Quite apart from this, however, a large
proportion of Dry Zone cultivators do not own, or are unable to

rent, enough paddy land to produce an adequate income and supply
of food. Furthermore, chena cultivation has been part of the
traditional type of agriculture practised in the Dry Zone for a

long time. Attempts to modify this system of farming, without
introducing major changes such as large scale or continuous
irrigation, have met with little success. For example, the
Department of Agriculture has been trying for some time to

persuade farmers in the Dry Zone to grow other crops, which do not
need as much water as paddy, in their paddy fields. In this way,

it is argued, it would be possible to cultivate a larger proportion



of the total area in any one year, and the value of production
would probably be greater than if paddy alone were cultivated.
However, except in a few trial schemes operated directly by the
Department of Agriculture, this initiative has met with little

response. Traditionally, only paddy has ever been grown in the
paddy lands, and few farmers are willing to attempt cultivating
what are normally regarded as chena crops instead.

Attitudes towards chena cultivation amongst officials and
academics have varied. It has been common for a long time to
condemn the practice as primitive and wasteful. Paul (1949),
for example, writes (2):

"Shifting cultivation is a type of subsistence
agriculture and its pernicious effects can hardly
be exaggerated. From a forest point of view it is
wasteful destruction; from an agricultural point of
view a dissipation of misguided effort; and from a
wider national point of view it leads to a class of
land-starved peasantry. The question then arises
as to why such a destructive system of land use should
persist in the face of clear evidence that the end must
ultimately be disastrous to the peoples that depend
on the land for life."

The answer to this question is, as P&ul concludes (3), partly
because traditional land use patterns are hard to break, but
primarily because the practice is dictated by economic necessity.
Brohier (1975) is even more forceful in his condemnation of chena
cultivation (4):

"It is almost impossible to conceive a system of cultivation
fraught with greater evil, and which, moreover affords very
small return to the cultivator for the maximum of trouble,
annoyance and risk. It not only strips the country of
some of its finest timber, but exhausts the soil to such
a degree that regeneration is procured only after a long
season of rest and often promotes erosion by faulty
land-use."

In fact, it would appear that, at least in the lowlands of the
Dry Zone, there are few timber species of economic value; Paul (5)
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estimates the density of the more valuable species as about 2

per acre (5 per hectare). Furthermore, according to the results
of experiments, reported by Joachim and Kandiah (1948), on the
effects of chena cultivation in the Dry Zone on soil structure
and fertility, the soil in abandoned chenas was in much the same

condition as the soil on any other land used for rotation
cultivation (6). Although soil erosion does occur in some

areas, in the six areas under trial it did not cause a reduction
in soil fertility to such an extent as to justify abandoning the
land. It was concluded that the primary reason for abandoning
chenas after two or three cultivations in these areas was weed

growth. This became so prolific that chena cultivators were

unable to control it by hand, or, due to the presence of tree

stumps, with the necessary implements.

More recently, the practice of chena cultivation has been
treated with more respect as its virtues have come to be recognised.
Abeyratne (1956), whose work has already been referred to in
Chapter 3 (Section 5), emphasised the close relationship between
chena and paddy cultivation in the purana village, and the way

in which these vastly different forms of agriculture complement
one another under a highly variable monsoon climate. Panabokke
(1976) has decribed chena cultivation as a "very rewarding system"
of land use in areas with a low population density, where it
enables a farmer to minimise his risks and optimise his labour
input in agriculture (7). The view, sometimes expressed by
opponents to the system of chena cultivation, that this type of
agriculture competes with paddy cultivation for limited resources

of time and money, and is therefore detrimental to the success of
the new high-yielding varieties of paddy now being grown, has been
discounted by Silva (1977). From the results of a study carried
out in the Hambantota district, in the south of the island, Silva
concluded (8):

"The evidence fails to confirm the view that in the study
areas chena cultivation is detrimental to paddy cultivation,
or to innovation in that cultivation. The strategy adopted
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by the paddy cultivator has enabled him to divide his
resources between the two systems in a satisfactory
manner; even if occasional clashes do occur, the
solutions adopted ensure that the ill-effects on
paddy cultivation are always minimised."

It is now more generally recognised in Sri Lanka that

despite the apparent waste of rapidly diminishing forest resources

caused by chena cultivation, this system of land use is an economic
necessity for most of the farmers who practise it. Until
irrigation facilities are made more widely available in the

Dry Zone, there is little likelihood that this practice will
disappear, except possibly as a result of population pressure.

In many areas, the regeneration time allowed between successive
cultivations of the same plot has decreased to between five and
ten years, and there is growing evidence, with the increased use

of fertilizer and herbicides, of the evolution of a settled
form of agriculture.

7.2 Method of cultivation in the village

In the village, all but one or two of the farmers operated
chenas during both the Maha and Yala seasons. The principal
crops grown during the Maha season were chillies, kurakkan,
highland paddy and maize, with small extents of pulses, such as

cowpea, green gram and black gram, being grown by some of the
farmers. In all of the chena lands a variety of vegetables was

also planted in between the main crops just for home consumption.
During the Yala season the only crop grown in the chenas was

gingelly (sesame). The major sources of cash income from chena
cultivation were through the sale of chillies and gingelly.

Most of the farmers had opened chenas less than 1 km away

from their homes and none reported having chenas more than 2 km
away. (The maximum reported distance was 1 mile or 1.6 km.)
About half of the chenas operated during the 1977/78 Maha season

had been sown under gingelly the previous Yala season. Of the
remaining chenas, most had been cultivated within the last 5 or

6 years; only a few, accounting for perhaps one sixth of the
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total area cultivated during the Maha season, were reported as

virgin chena land, or at least had not been cultivated for more

than 20 years. More than a third of the total area had been
cultivated both during the 1977 Yala season and the 1976/77 Maha
season. One farmer reported that part of his chena had been
cultivated for five successive seasons and that he had sown it

yet again for the 1977/78 Maha season. However, as no fertilizer
was apparently applied this seems highly unlikely, and as the
farmer concerned was well known for imbibing arrack and other
liquors, even less likely.

The first operation involved in opening a chena is the cutting
down of the bush and scrub vegetation with a keti. (This
instrument and its method of use have already been described in

Chapter 5, p.223.) This is arduous work, especially in virgin
forest, although even the secondary vegetation growing on chena
land cultivated less than ten years previously can be very dense
and difficult to cut. Thorns are one of the biggest problems
and many farmers wear rough sandals made from old car tyres when
doing this work. Large trees are left uncut, and it is usual to
leave a substantial number of half-cut bush and tree stems, around
which various creeping vegetable plants, especially gourds, are

later grown. As already mentioned, this clearing work is usually
started in June and July. The cut vegetation is then left to dry
before being fired in August or early September. The greater the
quantity of vegetation burnt the more intense will be the heat
produced and the higher the proportion of weed seeds destroyed.
It is for this reason that there is less competition from weeds
in chenas which have not been cultivated for a long time.

Once the firing of the chena is complete, the unburnt wood
is collected and stacked in piles for use as firewood (see
Chapter 9). If there are many thorns left on the ground then
the land is usually raked clear before sowing, although this is
not necessary for highland paddy or gingelly. The method of
sowing or planting depends on the crop and also to a certain extent
on the farmer. Kurakkan, paddy and gingelly are all broadcast, and
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the seeds are usually covered over lightly with soil to prevent
their being eaten by birds. (This is not so important with
kurakkan and gingelly since the seeds are very small.) Maize
and cowpea are generally row seeded, although some farmers just
broadcast maize amongst the other crops, particularly with
kurakkan. The sowing is done just before the first rains of the
season, in the first half of September for Maha crops and in the
first half of March for gingelly. Chillies are always grown

first in a nursery, usually just beside the house. The seeds
are sown in late August and early September, and are watered by
hand every day until they are transplanted to the chenas shortly
after the first rains. The transplanting operation takes a

considerable length of time and is generally carried out by several
members of the family working together. Some of the farmers were

inq
still transplant chi11ies at the beginning of November.

After sowing and planting are completed most of the crops

are left untouched until harvesting begins. The chillies,
however, are usually weeded at least once, and, if possible,
two or three times. The maize and cowpea are also sometimes
weeded but rarely more than once. Practically all the farmers
found it necessary to spray their chillies with pesticide, but
only one or two applied any fertilizer and none reported having
used herbicides. Guarding the chena against animal or human
intrusion becomes increasingly important as the crops ripen,
and between December and February most of the chenas are guarded
day and night. Nevertheless, several farmers reported substantial
losses of kurakkan and maize, which were consumed by wild boar and
rats during the night. There were also large numbers of parrots
and other birds which often came to feed off the ripening maize.
Wild elephants had apparently been a considerable problem in some

years, and although none were seen in Nikinigama during the 1977/78
Maha season, they were reported in other nearby villages.

Harvesting of the chena crops stretches over a lengthy period,
from the end of December to the middle of March. Green chillies were
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harvested by some farmers at the end of December; others

preferred to let the crop ripen completely before harvesting.
Red chillies were plucked five or six times during January and

February, and then dried in the sun for two or three days before

being sold. Highland paddy and kurakkan were harvested in
January or February. Much of the maize was consumed as corn-on-

the-cob between the end of December and the beginning of February,
the remainder then being dried and most of it sold.

A large proportion of the Maha chena lands were cleared after
harvesting was complete in March, and planted with gingelly. This
was done by hand with a mammoty and the seed was then broadcast
on top just before the first Yala rains. Some of the farmers
also opened up new chenas for gingelly. These were cleared in
January and February and fired at the beginning of March.

7.3 Areas cultivated under different crops

A survey of the areas cultivated under different chena
crops during the 1977/78 Maha season was carried out for 15
households in the village. The results are given in Appendix 14,
Table A14.1. In order to check on the accuracy of the reported
areas, four chenas in the village were surveyed directly by the
writer, using a tripod and an alidade. Maps of these chenas are

given in Appendix 15. The areas were measured with a planimeter
on the original maps, which were drawn to a scale of 1 cm = 5 m.

The measured areas are compared with the reported areas in
Table 7.1. On average, over the 4.5 ha of chena land surveyed,
the measured areas were about 10 per cent greater than the
reported areas. However, for areas planted under particular
crops in a chena, the ratio varies from 0.3 to 2.2. There is
no obvious pattern in the results, and it cannot be said that
areas planted under any one crop are consistently under- or

over-reported.

In a survey of the production of subsidiary crops in Sri Lanka,
which was carried out by the DCS during the 1974/75 Maha season,



Table 7.1 Comparison between measured and reported areas for four
chenas in village

Chena Crops Measured Reported Ratio of
operator area area measured to

reported area
(m2) acres m2

Si Iva Chillies 5370 1.25 5060 1.06

Paddy 3020 0.75 3040 0.99

Maize 1660 0.25 1010 1.64

Cowpea
Blackgram

80 ;
245 ;J 0.25 1010 0.32

All crops 10375 2.5 10120 1.03

Kiriya
Chena 1
(operated by
son Chandrasiri)

Chillies

Maize

Cowpea

3860

360

140

0.75

0.25

n.r.

3040

1010

1.27

0.36

All crops 4360 1.0 4050 1.08

Kiriya
Chena 2
(operated by
Kiriya and
son Premadasa)

Chillies 1

Chillies 2

Maize

Cowpea

Greengram

4800

3260

1770

200 j
140 !

1.0

0.5

0.5

1 <0.25

4050

2020

2020

<1010

1.19

1.61

0.88

All crops 10170 <2.25 < 9110 >1.12

Weerapuliya
and S.V. Jamba

Chillies 1

Chillies 2

2210

2000

0.5

0.5

2020

2020

1.09

0.99

Chillies 3 1790 0.5 2020 0.89

Paddy 4400 0.5 2020 2.18

Maize

Kurakkan

4635 !
4010 ji 2.0 8090 1.07

Cowpea 765 n.r. - -

Greengram 530 n.r. - -

All crops 20340 4.5 18210 1.12

Total All crops in
all chenas 45245 <10.25 < 41480 >1.09

n.r. - not reported

Note: Maps of above chenas given in Appendix 15.
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the ratio of measured to reported areas was found to vary

considerably between different crops, and also between chena
and settled land (8). Thus for groundnuts, the average ratio
was 0.37 for chena land, and 1.08 for settled land, whereas for

toor dhal the ratio was 1.50 for chena land, but only 0.74 for
settled land. For other crops, the reported and measured areas

did not differ so much. For chillies, under chena cultivation,
the average ratio was 1.02, and for cowpea 1.04. The areas

planted under kurakkan and maize, however, were generally over¬

estimated; the average ratios calculated were 0.90 and 0.93
respectively.

In estimating the total areas planted under subsidiary crops

in various parts of the country, the DCS corrected the reported
areas under each crop by multiplying by the appropriate ratio (9).
In the present study, however, it was decided not to apply any

correction factor; firstly because only a small proportion of
the total area cultivated was actually surveyed, and secondly
because there is no conclusive evidence that the villagers
consistently overestimate or underestimate the areas cultivated.
Although the results given in Table 7.1 suggest that, on average,

the reported areas are less than the actual areas, it will be
recalled that the reverse was found to be true for lowland paddy
in the Purana Wela below the Pahala Wewa (see Chapter 6, Section 2).
However, in the table of reported areas cultivated during the
1977/78 Maha season, which is given in Appendix 14 (Table A14.1),
the measured areas have been used instead of the reported areas

for those chenas which were surveyed.

The total area under Maha chena crops for the 15 households
interviewed was just over 20 ha. As there are 35 households
in the village, this would suggest that the area of all the
chenas cultivated would be between 45 and 50 ha. However, the
15 households interviewed contained a total of 99 persons (see
Appendix 14, Table A14.1), or almost half of the village
population. Since the area of chena land which can be cultivated
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by a household depends to a certain extent on the number of
persons in the household, and particularly the number of adult
males, it is reasonable to assume, therefore, that the total
area cultivated would be about 40 ha.

A survey of the areas cultivated under gingelly during the
Yala season was carried out for 8 of the 15 households. The

results are given in Appendix 14, Table A14.3. The total reported
area was 9.7 ha, of which just over 60 per cent was land already
cultivated during the Maha season. The number of people living
in the eight households interviewed was 52, or just over a quarter
of the village population. Accordingly, the area of all the
chenas cultivated during the Yala season in the village would also
be about 40 ha.

A summary of these figures, and the estimated areas cultivated
under different crops during the Maha season, is given in Table
7.2. It has been assumed that the percentage of the total area

under different crops for the whole village will be the same as

for the chenas belonging to the interviewed households. The
largest proportion of the total area cultivated during the Maha
season was accounted for by chillie, which is the major source

of cash income from chena cultivation during this season for most
farmers in Nikinigama and other nearby villages. Highland
paddy accounted for over a quarter of the total area. This may

seem surprising in view of the large extent of lowland paddy
cultivated in 1977/78 but, as already explained, the Maha chena
crops are sown before the farmers know how much water there will
be in the irrigation tanks for lowland cultivation. Altogether,
cereals accounted for over half of the total area cultivated in

the chena lands during the Maha season.

The area of 1 ha listed in Table 7.2 under "other" crops

includes the small extents sown in the village with green gram,

black gram and various vegetables. For ease of calculation in
the following sections on the inputs and outputs to chena
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Table 7.2 Estimated total area under chena crops in
Nikinigama, 1977/78

Crop Total area Percentage Estimated total
reported by of total area for village
farmers interviewed reported

(ha) area (ha)

Maha season (1977/78) *

Chi 1 lie 6.92 34 14

Highland paddy 5.34 26 10

Kurakkan 4.0 19 8

Maize 2.55 12 5

Cowpea 1.01 5 2

Other 0.7 3 1

Total 20.52 100 40

Yala season (1978) ^

Gingelly
Replanted area 6.0 62 25
New area 3.7 38 15

Total 9.7 100 40

* Farmers interviewed from 15 households, comprising 99 persons.
(See Appendix 14, Table A14.1.)

1
Farmers interviewed from 8 households, comprising 52 persons.
(See Appendix 14, Table A14.2.)
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cultivation, these crops are ignored. This omission is unlikely
to be significant, since the inputs and outputs involved in the
cultivation of these crops are small, and the area cultivated is
negligible in comparison with the total area. A slightly more

substantial error is introduced into the calculations through
ignoring the extent of about 0.5 ha planted in the village with
tobacco. Although the area is small the cash inputs are large,
probably over Rs 500/ha. This omission is justified on the
grounds that only two of the richer farmers in the village
cultivated the crop, and it had been grown for only one season.

7.4 Inputs to chena cultivation

Apart from the obvious input of solar energy, the major
economic input to chena cultivation in the village is labour.
Only in chillie cultivation is there any significant financial
cost involved. Buffalo labour is required only to a small extent
for threshing the highland paddy.

Material inputs

For all chena crops except chillies, the only material inputs
are seed and tools. Seed rates vary, depending largely, it
seems, on the quantity available in the farmers' homes at the time.
Only one or two farmers in the village ever buy certified seed
from the Department of Agriculture and then only for chillie
cultivation. Most of the seed is measured out roughly in a one

measure tin and the farmers can usually gauge approximately how
many measures will be required for a given area of land. The
range of seeding rates reported in the village for the main chena
crops and the estimated average rates are shown in Table 7.3.
The rate reported for paddy is, as before, measured in bushels
per acre, since it is much higher than for the other crops. For
chillie seed the rate was generally reported by weight (in pounds).
According to the Department of Agriculture, about three times the
weight of dried chillies, on average, are required to produce a

given weight of chillie seeds. The figures quoted by the villagers,
however, suggest that the weight of dried chillies varies from two
to five times the weight of seed produced.
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Table 7.3 Average seed rates for chena crops in Nikinigama

Crop Range of Equivalent Estimated
reported metric weight average
seed rates of reported seed rate
per acre unit *

kg kg/ha

Chillies 1-2 lb 0.45 kg/lb 2
(3-10 lb (7 kg/ha
dried chillies) dried chillies)

Highland paddy 2-2.7 bu 21 kg/bu 120
Kurakkan 3-6 HM 0.91 kg/HM 10
Maize 4-12 HM 0.94 kg/HM 20
Cowpea 4-9 HM 1.06 kg/HM 15
Gingelly 2-4 HM 0.92 kg/HM 7

Units: bu - bushel

HM - heaped measure

* Calculated from weights given in Appendix 7, Table A7.2. Heaped
measure weights assumed to be one twenty-eighth of bushel weights
as for paddy.
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The only seed which is bought in significant quantities
from outside the village is paddy seed. It is estimated that,
as with the seed used for lowland paddy cultivation, about a

third of the required quantity was bought outside. According
to the data given in Table 6.3, the average price paid by the
villagers for seed paddy in the 1977/78 Maha season was about
Rs 2.1/kg, which is equivalent to Rs 44/bu. Assuming the
average seed rate estimated in Table 7.3, the import of seed for

highland paddy cultivation in the village chenas would therefore
amount to about 40 kg/ha and would cost about Rs 84/ha.

The costs of the agricultural chemicals applied in chillie
cultivation were reported for nine of the chenas listed in
Appendix 14 (Table A14.1). The total cost, over 4.3 ha of
land planted with chillies,was Rs 420, giving an average input
of about Rs 100 per ha. About 90 per cent of this was accounted
for by pesticides and the remainder by urea.

The most important tool in chena cultivation is the keti,
which is used primarily for cutting down the bush. These cost
about Rs 20 each in 1978, and even with sharpening, it is unlikely
that they would survive the felling of more than about 1 ha of
bush. Mammoties are used rather less than in lowland paddy
cultivation (see Chapter 6, p.297), and the average cost of
replacement per hectare of chena cultivated would probably be
little more than Rs 10. Sickles are used only for paddy harvesting,
and hand sprayers only for spraying pesticide on chillies. Gunny
bags are used for transporting practically all chena crops.

Considering that over half of all the chena land cultivated during
the Maha and Yala seasons had been cultivated during the previous
season, it is estimated that the total cost of all the tools and
accessories used would probably not exceed Rs 40/ha on average.

As a total of about 80 ha of chena land were cultivated in the

village over the two seasons, this is equivalent to about Rs 15/capita/y.

Buffalo labour

The work done by the buffaloes in the village in lowland paddy
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cultivation has already been discussed in Chapter 6 (pp.297-302).
The input to threshing was estimated to be 75 buffalo-hours/ha,
involving an extra energy expenditure (above maintenance) of
54 MJ/ha (see Table 6.4). In the chenas, the yields of grain
and straw from paddy cultivation are less than in the paddy
fields (see Section 4 of this chapter). Accordingly, the
threshing operation will take less time, requiring perhaps
50 to 60 buffalo-hours of work per hectare, and an animal energy

input of about 40 MJ/ha. As the total area of highland paddy
cultivated in the Maha season was only about 10 ha (see Table 7.2),
the total animal energy input, averaged over the human population
in the village, would have been only about 2 MJ/capita. This
is a small fraction of the estimated total animal energy input
to work in the village of about 40 MJ/capita/y.

Human labour

The work done in chena cultivation varies considerably
between different farmers and also between different crops.

However, there is a certain minimum level of work which must be

done. Clearing the land and preparing it for cultivation is
essential in all chenas. The method of sowing adopted by different
farmers will vary; some farmers, for example, will cover the
seed roughly with soil as they broadcast it, others will not.
The time spent in weeding, particularly of the chillie crop, is
also highly variable, and can be a major factor in determining
the yield. Harvesting, like land clearing and preparation,
involves a minimum level of work; most farmers will, quite
naturally, spend whatever time is necessary in harvesting their
crop.

The average labour input estimated by the villagers for various
operations involved in chena cultivation is shown in Table 7.4.
The input was generally reported as a certain number of men having
to work for a certain number of days in order to complete the
operation for 1 acre of chena land. The reported input has been
converted in Table 7.4 to the appropriate number of man-days per



Table 7.4 Labour input to various operations involved in chena cultivation

Operation Labour input Observed Estimated
estimated by rate of average rate
vi1 lagers work of work

man-d/acre man-h/ha man-h/ha man-h/ha

Clearing bush:
New chena 20 300 300

10 year regrowth 15 220 200-250 225

5 year regrowth 10 150 100-130 125

Firing 0.25 4 5

Collecting firewood 3-5 45-75 50

Hoeing 4-5 60-75 75

Broadcasting seed 0.5 7 10

Broadcasting seed
and covering over: 12 180 100-150 150

Row seeding 10 150 150

Replanting old chena

(Clearing weeds,
broadcasting, and
covering over): 15-18 200-270 220 250

Weeding row-seeded
maize or cowpea: 100-150 125

Chillie chenas:

Planting and watering
nursery: 100-200 150

Transplanting 12 180 140 150

Weeding (3 times) 30 440 200 (1st weeding) )
150 (2nd weeding) j 450
130 (3rd weeding) )

Spraying 0.5 7 5

Applying fertilizer 220 200

Harvesting:
Highland paddy * 25 370 300 350

Kurakkan 10-15 150-220 175

Maize 10 150 150

Cowpea 10-15 150-220 175

Chillies (all pickings) 10 150 150

* Including threshing and winnowing
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acre, and, assuming six hours actual work per day, to an equivalent
number of man-hours per hectare. The rate of work actually
observed by the writer on various occasions is also given for
some activities, and the two sets of data have been compared to

produce an estimated average rate of work for each operation.

The total input of human labour required in the cultivation
of each chena crop is calculated in Table 7.5, allowing for
variations in the original state of the land cultivated, and also
in the agricultural practices adopted by different farmers. For
clearing virgin chena land, for example, the average rate of work
reported by the villagers is equivalent to about 300 man-hours/ha
(see Table 7.4). Adding on the estimated requirements for
firing, collecting the unburnt wood, and hoeing, gives a total
labour input for clearing and land preparation of 430 man-hours/ha.
However, as pointed out earlier, about half of the chenas planted
during the Maha season, and about 60 per cent of the chena land
planted with gingelly during the Yala season, had been cultivated
the previous season. According to the data given in Table 7.4,
the labour requirement for replanting an old chena, including
clearing away the weeds, and broadcasting and covering over the
seed, is about 250 man-hours/ha. Broadcasting and covering over

the seed alone requires about 150 man-hours/ha, and so clearing
and land preparation for a replanted chena will require only
100 man-hours/ha. Allowing for the fact that much of the chena
land which was cleared was not virgin forest, but had been
cultivated within the last 5 or 6 years, it is estimated that the
average labour input to clearing and land preparation was about
200 man-hours/ha for the Maha chenas and 175 man-hours/ha for the
Yala chenas. The average labour inputs to sowing and weeding
for the different crops have been estimated in a similar way.

Thus, in sowing kurakkan and gingelly, most farmers will just
broadcast the seed without covering it over, which will take only
about 5 man-hours/ha. Only a few will cover the seed, but since
the time required for this extra work is so large, the average

labour input will be about 25 man-hours/ha.



Table 7.5 Intensity of labour input in cultivation of chena crops

Operation Chillie Highland Kurakkan Maize Cowpea Gingelly
paddy

man-hours per hectare

Clearing and land

preparation 200 200 200 200 200 175

Nursery 150 0 0 0 0 0

Sowing or transplanting 150 150 25 150 150 25

Weeding 300 0 0 50 50 0

Spraying pesticide 5 0 0 0 0 0

Applying fertilizer 25 0 0 0 0 0

Harvesting 150 350 175 150 175 175

Walking to and from chenas + 50 50 50 50 50 25

Total 1030 750 450 600 625 400

Source: Calculated from average rates of work given in Table 7.4, allowing for variations
in the original state of the land and in the cultivation practices adopted by
different farmers.

* Labour input in harvesting assumed to be the same as for kurakkan.

See text.
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In addition to the work involved in cultivation, the farmers
have to walk to and from the chenas almost every day during the
cultivation season. There are about 40 chenas altogether in
the village. Allowing for the fact that more than one person

may go to each chena, and that some farmers will visit their
chenas more than once a day, it is estimated that about 1.5 return

journeys are made to each chena per day of work. The average

distance from household to chena is probably about 0.75 km, so

that the return journey will take about 20 minutes at 5 km/h.
In the Maha chenas an average of about 100 days of work will be
done altogether, giving a total labour input for walking of about
50 man-hours per chena or per hectare. In the Yala chenas, the
input will be only about half as much, since far less work is
done in gingelly cultivation than in the cultivation of most
Maha season fcrops.

The most labour intensive of all the chena crops is chillie,
which requires a total input of over 1000 man-hours/ha, or assuming
six hours work per day on average, 170 man-days/ha. The labour
requirement for highland paddy, according to Table 7.5, is greater
than the input calculated in the previous chapter (see Table 6.5)
for lowland paddy cultivation, although the difference is small.
This is not particularly surprising, however, considering the large
input required for clearing the land and for covering the broadcast
seed.

The total labour input to chena cultivation in the village
is estimated in Table 7.6. Gingelly accounts for a higher
proportion of the total than any other crop, because of the large
area cultivated. Chillie cultivation, however, accounts for almost
as much, and between them, these two crops, which are grown mainly
as cash crops, are responsible for two thirds of the total labour
input. Altogether, chena cultivation in 1977-78 required a labour
input of 225 man-hours/capita. Averaged over all the land cultivated,
the input was almost 600 man-hours/ha, or assuming six hours work
per day, 100 man-days/ha.
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Table 7.6 Estimated total input of labour in
chena cultivation

Crop Intensity of Area Total Average
labour input cultivated labour labour

input input *

man-h/ha ha man-h/ha man-h/capita

Chillie 1050 14 14700 70

Highland paddy 750 10 7500 35

Kurakkan 450 8 3600 20

Maize 600 5 3000 15

Cowpea 650 2 1300 5

Gingelly 400 40 16000 80

Total 79 46100 225

Source: Intensity of labour input as calculated in Table 7.5,
rounded to nearest 50 man-hours/ha. Areas cultivated
as in Table 7.2.

* Rounded to nearest 5 man-hours/capita.
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Most of the operations involved in chena cultivation require
an energy expenditure of about 250 W/50 kg man. (See Table 5.7,
activities M6a, M16, M18, M19, M26 and M27.) The only activity
requiring substantially more than this is the initial clearing
of the bush. The energy expenditure in clearing thick jungle
growth is estimated to be 500 W/50 kg, and in clearing moderate

jungle growth 400 W/50 kg (see Table 5.7, activities M22 and M23).
It is estimated that about half of the land cultivated during the
Maha seaons, and 40 per cent of the land cultivated during the Yala
season, had to be cleared of bush before cultivation could begin.
The total area involved would be about 35 ha. Assuming that one

third of this land was covered with thick jungle, which had not
been cultivated for at least 20 years, and the remainder with bush
about 5 years old on average, the total time required for the
clearing operation (on the basis of the average working rates given
in Table 7.4) would be:

35 (y x 300 + j x 125) ~ 6420 man-hours.

Using the estimated rates of energy expenditure given above, the
human energy input to this work (according to Equation 5.7) would
be:

35 x 3.6 [ (-j x 300 x 0.4) + (| x 125 x 0.3)]

= 8190 MJ.

This is equivalent to about 40 MJ/capita. Subtracting the
time required for this work from the total labour input to chena
cultivation (given in Table 7.6) gives an input to other operations
of almost 40,000 man-hours, or 195 man-hours/capita. Assuming an

average energy expenditure in this work of 250 W/50 kg would imply
an energy input (by Equation 5.7) of 105 MJ/capita. Allowing for
the slightly greater rate of energy expenditure involved in hoeing,
and in clearing recently cultivated chenas prior to replanting
(activity M25 in Table 5.7), the total input in this other work will
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be about 110 MJ/capita. Altogether, therefore, chena cultivation
in the village (in 1977/78) would have involved a human energy

input of about 150 MJ/capita, or three times the estimated input
to lowland paddy cultivation (see Chapter 6, p.307).

7.5 Crop yields in chena cultivation

Ten of the fifteen farmers interviewed were able to give
details of the quantities of different crops which they had obtained
from their chenas. The results are given in Appendix 14,
Table A14.2. Estimates of the average yields in the village were

obtained by dividing the total volume of production for each crop

by the total area cultivated. Applying these average yields to
the areas given in Table 7.2, it is possible to estimate the
quantities of different crops produced from all the chenas in the
village, as shown in Table 7.7. Unfortunately no accurate data
were obtained on gingelly yields since the writer left the village
before the gingelly was harvested. The yields which some of the
villagers estimates they could obtain were surprisingly high.
One farmer predicted yields of 20 bu/acre (1.3 t/ha) for the
replanted area, and 40 bu/acre (2.6 t/ha) for the newly cleared
area, of his gingelly chena. According to data collected by the
DCS, however, the average yield of gingelly over the whole island
was 552 kg/ha in 1977 and 565 kg/ha in 1978 (10). In 1974, the
average yield was only 377 kg/ha, but in 1979 it suddently rose

to 1,028 kg/ha. It seems likely, as was found with other crops,

that the yields of gingelly predicted by the farmers in the village
referred to ideal conditions, with no losses due to pest attack,
weed growth or bad weather. In previous years some of the farmers
reported having obtained yields of only 5 to 10 bu/acre (0.3-0.6 t/ha),
but blamed this on excessive weed growth or pest attack. By the
time the writer left the village in May 1978, several farmers had
reported that their gingelly crops were not flourishing as well
as expected, due to a poor rainfall, and that a substantial proportion
of the area sown was overrun with weeds. On the basis of this

rather scant information, it is estimated that only about 20 ha
of the replanted area in the village, and 10 ha of the newly cleared
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Table 7.7 Total production of chena crops in village

Crop Area
harvested 1

Average
yield 2

Gross
production

Seed 3 Net
production

Net
production
per capita

ha kg/ha kg kg kg kg

Chi 11 ie 14
190 dry

90 green

2660

1260

100 2560

1260

13

6

Highland paddy 10 1300 13000 800 * 12200 60

Kurakkan 8 1000 8000 80 7920 39

Maize 5 1100 5500 100 5400 27

Cowpea 2 400 800 30 770 4

Gingelly
Replanted

New

20 s

10 5

400

600

8000 )
)

6000 )
u>O00C\J 13720 68

Notes: 1 As in Table 7.2

Rounded values derived from data in Appendix 14, Table A14.2; for gingelly yields
see text.

Calculated from seed rates given in Table 7.3 and rounded to nearest 10 kg.

One third of seed requirement (400 kg) bought outside village; total
requirement 1200 kg. See text.

Harvested area less than area sown due to weed growth and low rainfall. See text.

Total area sown 40 ha.
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area, would be harvested. The average yields are assumed to
have been about 400 kg/ha and 600 kg/ha respectively.

The average per capita consumption and export of chena
crops produced in the village is calculated in Table 7.8. Storage
losses are estimated, as with the paddy kept in the village, to
be about 5 per cent of gross production. These losses will only
apply to those crops which are stored for any length of time.
Most of the chillies and gingelly are sold soon after they are

harvested, and practically all of the maize is consumed on-the-cob.
The consumption of kurakkan and maize in the village has already
been estimated (see Chapter 5, Table 5.16). The total consumption
of pulses was estimated to be 5 kg/capita/y, and it is assumed that
3 kg of this would be cowpea, and the remainder black gram and
green gram. The consumption of green chillies from the chenas
would be small since they obviously have to be eaten shortly after

they are picked. Most of the green chillies consumed in the
village, from about mid-February to the end of December, will be
bought outside. Dried chillies can be kept for longer, however,
and it is estimated from the reported quantities kept at home by
the farmers, and from the data given in Appendix 12, that on average

about 1.5 kg of the quantity produced in the village would be
consumed per capita per year. Gingelly is used mainly in making
various sweets and cakes, which are consumed on ceremonial
occasions. The total annual consumption is unlikely to exceed
15 kg per household of six.

Deducting seed, storage losses and home consumption from
the gross production for each crop gives the quantity available
for export. It is assumed, over the years, that the quantities
stored are roughly the same each year, and that all of the
exportable surplus is exported. The total value of all the
exported chena crops in 1977/78 is estimated in Table 7.8 to
have been about Rs 530/capita. This is in addition to the
sum of Rs 340/capita/y obtained from the sale of paddy (see
Chapter 6, p.317). Virtually all of the paddy obtained from
the chenas will be consumed in the village, since it is harvested



Table 7,8 Consumption and export of chena crops produced in village

Crop Net Storage Home Surplus Average Value
production 1 losses 2 consumption 3 for market of

export price " exports 5

kg/capita/ Rs/kg Rs/capita

13 dry 0 1.5 11 20 222
Chillies

6 green 0 0.2 6 5 30

Highland paddy 60 3 57 0 1.8 0

Kurakkan 39 2 35 2 0.75 2

Maize 27 0 10 17 1.0 17

Cowpea 4 0.2 3 1 3.5 2

Gingelly 68 0 2.5 65 4 260

Total Rs 533

Notes: 1 As estimated in Table 7.7.

2 Estimated to be 5 per cent of gross production for crops stored over long period.
3 See Table 5.16 for kurakkan and maize. For paddy see previous chapter (pp.310,

316-7). Consumption of other crops estimated from data given in Table 5.16 and
Appendix 12 and from writer's own observations. See text.

" Average market price reported by farmers at time of sale.
5 Calculated directly from data in Table 7.7, assuming home consumption and

market price as given.
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before the lowland paddy, and at a time when most households in
the village will have exhausted their supplies from the previous
Maha season.

7.6 Energy flow diagram

The energy content of the chena crops produced in the village,
and the distribution of this energy between seed, storage losses,
home consumption and exports, is calculated in Table 7.9, using
the wet basis heats of combustion estimated on p.315 for paddy,
and in Table 2.8 for the other crops. The total energy content
of all the chena crops produced is about 4.2 GJ/capita/y, and of
this home consumption accounts for about 40 per cent. Gingelly
accounts for almost half of the total energy content, even with
the lower than average yields supposedly obtained in the 1978
Yala season.

These data, and the data on the inputs to chena cultivation
derived in Section 4 of this chapter, are summarised in the form
of an energy flow diagram in Figure 7.1. All of the kurakkan
consumed in the village has to be ground down to a flour first
and so also does any maize not consumed on-the-cob. Most of
the dried chillies are pounded to make chillie powder or ground
down to form a paste with water. Some of the gingelly used in
making cakes is also ground first but most of it is consumed whole.

The consumption of the highland paddy produced in the chenas
is not shown in Figure 7.1, since it has already been incorporated
into Figure 6.3. For this reason the total home consumption of
chena crops shown in Figure 7.1 refers only to the consumption of
kurakkan, maize, cowpea, chillies and gingelly.

The crop residues produced in chena cultivation have not been
included in this analysis since no use is made of them in the village.
The paddy straw used for thatching of the village huts is practically
all obtained from the paddy fields, which are much closer. None of
the residues from the chenas is ever used as a source of fuel as

there is an abundant supply of firewood.
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Table 7,9 Energy content of chena crops produced, consumed and exported

Crop Heat of
combustion

Gross
1 production 2

Seed : Storage
losses 3

Consumption ^ Export 5

MJ/kg MJ/capita/y

16.5 dry 216 8 0 25 183
Chi 11ies

2.5 green 16 - 0 1 15

Highland paddy 15.5 993 61 6 50 882 0 7

Kurakkan 15 591 6 30 525 31

Maize 16 433 8 0 160 266

Cowpea 16.5 65 2 3 50 10

Gingelly 27.5 1896 38 0 69 1790

Total - 4211 123 82 1710 2294

1 As given in Tabl e 2.8. For paddy see p.-315.
2 Calculated from weights given in Table 7.7.

3 Estimated to be 5% of gross production for crops stored over long period (as in Table 7.8)

Calculated from weights given in Table 7.8.
5 Calculated by deducting seed, storage losses and consumption from gross production.

Rows may not add up correctly due to rounding errors.

6 Additional 31 MJ/capita/y for imported seed.
7 Some paddy exported from village but not from chenas. See Figure 6.3.

Note: All energy contents rounded to nearest MJ/capita/y. Discrepancies in totals due to
rounding errors.
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Figure7.1Chenacultivationenergyflowdiagram
Key:AsinFigure4.3.Source:SeetextandTable7.9. Units:Alldataexpressedpercapitaperyear.Note:Allflowsover10MJ/capita/yroundedto FlowsinMJexceptwherestatedotherwise.nearest10MJ;smallerflowsroundedto nearestMJ.Allflowsshown;imbalancebetween flowsduetoroundingerrors.
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CHAPTER 8 COCONUT CULTIVATION AND THE USE OF COCONUT PRODUCTS

8.1 Introduction

The coconut palm (Cocos nucifera L.) is unique amongst agri¬
cultural crops of the tropics in the wide variety of uses which can

be made of its products. It is important both to the domestic and
export economies of many tropical countries, particularly in Asia,
and its products are used in industry throughout the world. In
many villages where it is grown, the palm provides some of the
essentials of food, fuel and shelter, and it may also be a significant
source of cash income. Practically every part of the palm - its
flowers, its fruit, its fronds and sometimes even its wood - can be
used in one way or another.

Several products of the coconut palm are made on a commercial
scale and sold internationally. The most important of these is
copra, the dried kernel of the coconut. Coconut oil, which is made
by pressing copra in a mill, is used both as an edible and an

industrial oil. Other products of the kernel include desiccated
coconut and copra cake, or poonac, which is used as an animal feed.
From the husk surrounding the nut is obtained coir fibre, which is
extensively employed in making ropes and mats, brushes, mattresses
and upholstery. Finally, there is a small trade in high quality
charcoal produced from the shell of the coconut.

Production in Sri Lanka

Sri Lanka is one of the major producers and exporters of coconut

products in the world, ranking fourth after the Philippines, Indonesia
and India, both in total area under coconut and in copra production;
about 6 per cent of the total world supply of copra and coconut oil
(net exports) comes from Sri Lanka (1). According to the results of
the 1962 census of Agriculture, the total area of coconut land in
the island is about 0.47 million ha (2). It appears that there has
been no significant change in the area of coconut land since then (3),
or, in fact, since about 1930 (4). Total production of coconuts,
as estimated by Aberywardena (5), varies between about 2 and 3
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thousand million nuts per year (2,057 million in 1973 and 3,042
million in 1964), with an average over the 14 years between 1963
and 1976 of about 2,600 million. This is equivalent to just over

200 nuts per capita per year (6). Production figures given elsewhere
differ from those given by Abeywardena sometimes by more than 10 per

cent (7). There is no standard basis of calculation. Export
figures for copra, coconut oil and desiccated coconut may be converted
to an equivalent number of nuts using typical conversion rates (8),
but domestic consumption can only be estimated from the results of food
and nutrition surveys. Abeywardena estimates an average domestic
consumption of 130 nuts per capita per year (9), which is equivalent
to about 60 per cent of total production over the 14 year period up

to 1976. The exportable surplus of coconut products clearly depends
on the size of the crop. Bad weather conditions in 1973 (10) resulted
in exports being restricted to the equivalent of only 17 per cent of
total coconut production, compared to a maximum of 53 per cent in
1964 (5).

Export earnings from coconut products vary considerably from
one year to the next depending not only on the quantitites available
but also on export prices. In 1973 they accounted for Rs 200 m or

8 per cent of total export earnings (as estimated from the Customs
Returns) but in the following year, although the actual volume of
exports had increased by only about 10 per cent, they amounted to
Rs 510 m or 15 per cent of total earnings. About one third of the
1973 earnings and one fifth of those in 1974, were from the export
of coir fibres, the rest coming from exports of copra, oil, desiccated
coconut and fresh nuts (11).

The coconut is, in fact, one of Sri Lanka's three major export

crops, the other two being tea and rubber. Although the export
earnings from these two crops are greater than those from coconut,
about Rs 1360 m and Rs 740 m respectively in 1973 (12), the area

under coconut is equal to the areas under tea and rubber added together
(13). Most of Sri Lanka's coconuts are grown in an area known as
the "coconut triangle", which lies between Colombo and Puttalam
on the coast, and Kurunegala inland. However, smallholdings are



found over many parts of the island and practically every village
has at least a few palms, even though they may not be very

productive.

Botanical varieties

Broadly speaking, the varieties of the coconut palm occurring
throughout the world can be divided into two groups according to
their stature: the tall palms, which grow to a height of 20 to
30 m, and the dwarf palms, which grow to a height of 8 to 10 m.

The former are generally cross-pollinating, long-lived (60 to 80
years) and slow to come into bearing (6 to 10 years), whereas the
latter are usually self-pollinating, relatively short-lived (maybe
40 years) and quick to come into bearing (3 to 4 years). There are

also a few varieties which do not fit into this broad classification

such as cross-pollinating dwarfs.

In Sri Lanka, Liyanage (14) has distinguished three varieties
and within each of these a number of different forms. The common

tall palm grown in plantations is the variety typ-ica Nar., the
dwarf palm, which is not so common,is termed var. nana (Griff.) Nar.
and the King coconut, which is probably indigenous to Sri Lanka
and which is readily distinguished by the bright orange colour of
its fruit, is named var. aurantiaca Liy. The tall palm is the
one most commonly found in the villages, certainly in Nikinigama and
the surrounding area, and thenceforth all details will refer to this
variety unless stated otherwise. The King coconut is a semi-tall
variety which is self-pollinating like the dwarfs but late to come

into bearing. The immature nuts of this palm are popular in
Sri Lanka for drinking on account of the relatively high sucrose

content of the water (5 to 6%), but the kernel of the ripe nuts is
thin and consequently nearly all the nuts are plucked for drinking
before they are fully ripe. The palm is less hardy than the typioa
variety and is more susceptible to insect attack. Only a few are

grown.

Morphology

The coconut palm is a tall, stately and unbranched tree with a
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large crown of about 30 pinnate leaves. It reaches a height of
about 20-25 m and can live for 80 years or more, although its

productive lifespan is less. The stem is about 20 to 40 cm in
diameter except at the base where it is thicker. Since the vigour
of growth of the palm at any time is reflected in the thickness of
its stem, variations in stem diameter at any point can often be
associated with variations in climate and nutrition during the life
of the palm. The stem also bears scars where old leaves have
fallen off, and as about 10-14 leaves are shed every year, the age of
the palm and its rate of growth can be estimated by counting the
scars.

The leaves are about 4 to 6 m long. They consist of about
200 leaflets arranged along each side of a common rachis or midrib
which broadens at its base into a strong thick petiole or leaf-stalk.
The length of the petiole from the point where it clasps round the
stem of the palm up to the first leaflet is about one quarter of the
total length of the leaf (15).

Each leaf is normally accompanied by a flower cluster or

inflorescence which is protected within a long double sheath or spccthe,
th.e whole structure be<V>q called a.

^ spadix (16). The coconut palm is a monoecious plant, so that both
the male and female flowers are carried on the same inflorescence.

Most of the female flowers, or "button nuts" as they are called, are

shed within a few weeks of the spadix opening, depending on conditions
of climate and nutrition and on whether they have been successfully
fertilized; those which remain normally develop, over a period of
about 12 months, into large ovoid fruits. The number of fruits in
each bunch varies between 0 and 20, and the number of bunches per year

is less than or equal to the number of leaves. The fruit reaches
its maximum size (3-5 litres) after about six months, at which time
it is filled with a sweet liquid endosperm or coconut water. It is
at this point that the fruit will usually be plucked for drinking.
If it is allowed to develop, the solid white endosperm, or kernel,
will begin to form and the volume of water will decrease, as will its
sugar content. The ripe fruit, which weights between 1 and 2 kg,
consists of a thick fibrous husk surrounding a thin and very hard
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shell, within which is the kernel and, in a large cavity in the
centre of the kernel, the remaining water. In commerce, the term
"coconut" usually refers to the husked nut.

The average weights of the four component parts of the coconut
fruit have been calculated by Nathanael (17) from measurements made
on a thousand nuts of the typica variety; the results are given in
Table 8.1. Nathanael refers to the coconut having these average

weight characteristics as an "empirical standard coconut", but for
convenience it will be referred to here simply as the "standard"
nut. The sampled nuts on which the measurements were made were

taken over a period of a year from one of the plantations belonging
to the Coconut Research Institute in Sri Lanka and were allowed to

wither in the field for a month before sampling and husking; all
had diameters of between 15 and 20 cm (6-8 in).

Cultivation and yields

The coconut has been described as "the lazy man's crop" since
once the palms have been planted they require very little attention.
Fr£mond et al (18) estimate that once bearing has set in, one man

is capable of maintaining and harvesting 7 ha (17 ac) of coconut

plantation. However, it is not stated how the nuts would be
harvested. Piggott (19) estimates that if the nuts are harvested
directly from the palms, rather than by waiting until they fall
naturally, then one man is needed for every 3 to 4 ha (8-10 ac)
of coconut plantation, although the making of copra is including in
the calculation.

The work involved in establishing a plantation is mainly that
required to clear the land; once the land has been cleared, manual
planting of the coconut seedlings, that is to say staking out the land,
making holes, manuring and setting out the plants, requires only about
35 man-days per hectare plus a further 5 man-days if a cover crop is
planted between the coconuts (20).

The planting density of coconuts varies. The smaller the
distance between palms the more they will compete and the lower will
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Table 8.1 Weight characteristics of a "standard" coconut

Component Wet weight Dry weight
g- % of total g. % of total

Husk 413 39.2 330 49.0

Shell 177 16.8 155 23.0

Kernel 339 32.2 182 27.1

Water 124 11.8 6 0.9

Whole fruit 1,053 100.0 673 100.0

Husked nut 640 60.8 343 51.0

Copra (m.c. 6% w.b.) 200 19.0 188 27.9

Source: Nathanael (17).

Note: Air-dry weights of woody material
(m.c. 15% d.b.): husk 380 g.

shell 178 g.
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be the yield of nuts per palm; but clearly, for a given yield per

palm, the greater the density of planting, the greater will be the
total yield per unit area of land. The optimum planting density
depends on the climate, the soil and the variety of palm. The coconut

palm requires a lot of sunlight and since the average length of the
fronds on healthy palms may be 4.5 to 5 m, a spacing of 9 to 10 m

between palms has been suggested. On poor soils, the fronds may be
shorter and a higher density will be possible. For a given spacing
between nearest neighbours, a triangular lattice will give 15% more

palms per hectare than a square lattice, although at present the latter
is more common. According to Child (21), it is generally agreed
amongst experienced planters in Sri Lanka that the planting density
should be less than 140 per ha on the best land and 160 per ha on the
worst land. Abeywardena (22) recommends an optimum planting density
for the typioa variety of 64 palms per acre (158 per ha) on good soil.
For the comparison of yields expressed per palm and per ha an average

density of 150 palms per ha seems reasonable. This is equivalent to
a square spacing of 8.2 m or a triangular spacing of 9.4 m.

The annual yield of coconuts, either per palm or per unit area

of land, depends on a wide variety of factors including genetic
characteristics, climate (rainfall, temperature), soil conditions
(fertility, drainage, aeration), cultural environment (cultivation
practices, weeding, manuring, cover cropping), disease and pest
attack. The average annual yield over the whole of Sri Lanka,
assuming, as before, a total area of 466,000 ha and an average total
production of about 2,600 million nuts, is 5,600 nuts per ha
(2,300 per acre) or about 37 nuts per palm. The single factor which
most affects yields is rainfall, although it appears that the time
elasping between cause and effect may be considerable (23).
Abeywardena (24) found that the total estimated production of
coconuts in Sri Lanka was most closely correlated to the rainfall
between January and December of the previous year, as expressed in
the form of "drought indices" for 8 meteorological stations in the
main coconut producing areas. In general, for optimum growth, the
coconut palm requires at least 1300 mm of rainfall, evenly distributed
throughout the year, unless there is an adequate supply of water in
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the ground, such as occurs in some coastal lands or at the base of
foothills (25). In the absence of ground water, a dry season of
three months with less than 50 mm of rain per month will be
deleterious to the palm.

Considerable quantitites of plant nutrients are removed from
the soil in coconut cultivation, the most important of these being
potassium. An extensive review of nutritional requirements and
fertilizer practice is given by Child (26). It is a common practice
in many coconut growing areas to bury husks in the soil around the
palms both because of their fertilizer value and their capacity to
retain water. Weed control and cultivation of the soil are also

important. On the west coast of India, Patel and Anaudan (27) found
average yields for tall palms of 6 nuts per tree per year on uncultivated
land and 50 nuts per tree per year on land ploughed two or three times
a year. Fr£mond et al (28) quote the following results for a plantation
in the same area:

No cultivation, no manure: 15.3 nuts/tree/year

Working the soil without manuring: 49.3 nuts/tree/year

Working the soil with manuring: 57.3 nuts/tree/year

According to Abeywardena (22) a plantation of typica palms
should, under optimum conditions, be capable of producing 7,500 to
10,000 nuts/ha/year at a planting density of 158 palms/ha, which is
equivalent to between 47 and 63 nuts/tree/year. However, average

yields in the Anuradhapura district are at present much lower;
29.4 nuts/tree/year x 94 trees/ha = 2760 nuts/ha/year.
Presumably the low planting density is a result of bad management -

incorrect spacing when the palms were planted or lack of replacement
of dead trees. In the Kurunegala district where most of Sri Lanka's
coconuts are grown the average yield at present is much higher,
about 6400 nuts/ha (22).
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8.2 The coconut palm and its products in the village

Coconut palms are grown in practically every Dry Zone village
in Sri Lanka and Nikinigama is no exception. It is estimated, from
close examination of aerial photographs taken of this part of the
island in 1971 (2), and also from the writer's own observations,
that there are about 250 bearing palms in the village, and a

few more, maybe 50 or 60, which have passed their productive lifespan.
These palms provide a number of different products used in the
village, but they are by no means sufficient to meet all requirements.
At the same time, however, the palms are not used to their full
potential. Primarily the coconut palm is an important source of
food, but in addition, cadjans, which are made from the fronds of
the palm, are needed to thatch the roof of practically every village
house. Coconut shells and husks are sometimes used as firewood

and a few artifacts made from various parts of the palm are also to
be found.

Yield of coconuts

Except for three or four King coconut palms, the nuts of which,
as already explained, are plucked prematurely for drinking, all of
the coconut palms in the village are of the tall typica variety.
Most of them are at least fifty years old and grow just below the
main village tank, the Pahala Wewa, at the site of the original
village settlement. Others are planted in gardens around the
village houses. The villagers appear to pay very little attention
to the condition of the palms and about a third of those near the
tank are surrounded by a thick growth of weeds and bushes. However
most of the palms being situated below the tank or near a well, they
have access to a reasonable level of ground water. The average

annual rainfall recorded at Anuradhapura is 1450 mm (see Table 3.1),
which is a little above the minimum requirement of 1300 mm estimated

by Child (25) for optimum growth. However, June, July and August
all have average rainfalls below 50 mm, so that access to ground
water during this dry period is essential if the palms are to survive.
It is estimated that the average yeild for the 250 bearing palms in
the village is about 20 nuts per palm per year, giving a total of
5,000 nuts. The spacing between the palms is uneven but from the
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aerial photograph it appears that the planting density is

approximately equal to the average of 150 palms/ha, which implies
an area yield of 3,000 nuts/ha. From the few measurements which
were made, nuts from the village palms would appear to be about
the same size as the "standard" nut, although they were smaller,
in general, than those bought outside.

The nuts are not evenly divided amongst the villagers. Those
collected at the site of the old village settlement are distributed
amongst the older families, although they do not all live near the
palms. Some of the families, particularly those which have
arrived more recently, do not have any palms, even in their own

garden.

Coconut products used in the village

(i) Food

Common to almost all areas where coconuts are grown, many of
the nuts in the village are plucked for drinking before they have
matured. The quantity and the sweetness of the water in a

kurumba, as it is called in Sinhalese, will depend on how mature
the nut is. According to Child (30) a large nut may contain as

much as 30 g of sugar in about 0.6 litres of water; Purseglove (31)
gives a maximum volume of 0.5 litres for 7 month old nuts, so the
average volume of water from the village nuts will probably be
about 0.4 litres. Once the water has been drunk the nut is

usually split open so that any gelatinous kernel which has already
formed in the nut can be scooped out and eaten. Again, the quantity
of immature kernel, and its chemical composition, will depend on

the maturity of the nut; some kurumbas, when opened, reveal hardly
any kernel at all, whilst in others there is a substantial quantity
(see Appendix 17). It is impossible to be precise, but it is
esimtated that about half of the nuts from the village palms are

used in this way, or since there are 203 people in the village,
about 12 nuts per person per year. Few of these immature nuts
or kurumbas are bought outside the village; at an average price of
between Rs 0.8 and Rs 1.0 they are considered a little of a luxury
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by most of the villagers.

The kernel from the mature nuts is used by the villagers in
a multitude of different foods. The preparation of all of these
requires that the kernel be in a minced or grated form. To
achieve this a mature husked nut is first split into two equal
halves by applying a sharp blow to its "equator" with a machete.
(The ease with which this operation is carried out often surprises
the visitor from overseas; a skilled man can split as many as

10,000 nuts in a working day.) The water from the mature nut is
discarded; its sugar content is considerably lower than that of
the kurumba and it is not considered tasty by the Sinhalese.
The kernel from each half-nut is then removed with the aid of a

coconut scraper or hiramanaya. This consists of a serrated
circular blade fitted horizontally to a rising projection at the
end of a low wooden platform. The person scraping the nut sits
on the platform and moves the half-nut in a circular motion over the
blade, the scrapings being collected in a bowl beneath.

Most of the scraped coconut is used directly in making sambol,
roti or pittu, the last two being cooked dishes and the first
uncooked. In addition, small quantities of freshly scraped coconut
are sometimes eaten as an accompaniment to a meal. Alternatively,
the scraped coconut may be squeezed by hand in water to make an

"f*emulsion called coconut milk or pol kiri. This is used in making
curries, kiri hodhi and kiribat, all of which are cooked. The
fibrous remains left over after the coconut milk has been made

are thrown away, although they contain substantial quantitites of
oil and can be digested by cattle.

tThe term "coconut milk" is not infrequently used to refer to the
coconut water, which contains very little oil (see Appendix 17);
it is more appropriate, and more common in the literature on
coconuts, to use the term in the manner described above, as the
liquid then referred to has a much higher oil content.
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It is estimated on the basis of household interviews in the

village, that, on average, the equivalent of about 1.5 "standard"
coconuts are required daily for cooking per household of six
persons. This implies an annual consumption of about 91

nuts/capita/y, which is close to the averages of 85 nuts and
94 nuts recorded in the 1973 Central Bank Survey and the 1969-70
Socio-Economic Survey respectively (see Appendix 12). About
12 of the nuts consumed each year will come from the palms in the
village and the rest will have to be purchased. A few nuts are

sold at the little shop in the village itself, but they are

relatively expensive and most of the villagers prefer to go to

Koropotana, or the market at Anderegoda, where prices are lower.
The price of a coconut varies between Rs 0.50 and Rs 1.0, depending
not only on where it is bought but also on its size. Four large
husked nuts bought in January 1978 at the pola held in Anderegoda
cost Rs 0.90 each. Their average weight was 1030 g and the average

weight of the kernel inside the nuts was 490 g. Both of these
weights are substantially greater, 60 per cent and 45 per cent
respectively, than those given for the "standard" nut. It is
estimated that on average the villagers would pay about Rs 0.70 for
a "standard" nut which implies an annual expenditure on coconuts
of Rs 55 per capita.

The weight of the kernel of the "standard" nut being 339 g

(see Table 8.1), the average annual consumption of kernel will be
31 kg per capita. Of all the dishes made with coconut in the
village, roti and sambol are the most common, and both of these use

the whole kernel. It is estimated that one third of the kernel,
or about 10 kg/capita/year, will be used to make coconut milk and
the rest will be consumed whole. There is no doubt that a

significant quantity of oil and other digestible nutrients remains
in the residue discarded after the milk has been made, but unfortunately
there is very little data on this. According to one estimate referred
to by Grimwood (32) 50 per cent of the oil and protein is lost in
the residue. Apparently there are traders in Sri Lanka who find
it an economic proposition to buy the residue and extract some of the
remaining oil from it. In the absence of any other data it is
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assumed that half of the energy content of the kernel, most of
which (about 85%) is associated with the oil and protein, is lost
in the residue; thus, in effect, 5 kg of kernel is wasted per

capita per year. This represents about 15 per cent of the total
quantity of kernel used.

Other coconut products, such as coconut oil and coconut

jaggery (pot hakuru), are also eaten in the village, although
they are only produced outside and therefore have to be bought.
Coconut oil is the most important of these products and is used
mainly for frying certain vegetables, and also for making roti.
According to the food consumption data given in Appendix 12,
the average consumption of coconut oil in the low income groups

of the rural sector in Sri Lanka is between 2.5 and 3.5 1/capita/y.
An average of 3.0 1/capita/y is assumed for the village in the

3
present study. As coconut oil has a density of 920 kg/m (33)
this is equivalent to 2.8 kg/capita/y. It is estimated that about
8 "standard" coconuts are required to produce 1 kg of oil (34) so

that the villagers are effectively consuming a further 22 nuts/capita/y
on top of the estimated consumption of 91 fresh nuts.

Coconut jaggery is a sweet and pleasant tasting substance,
rather like tablet in texture, which is made by boiling down the
sweet toddy or sap obtained from the unopened coconut spathe. The
villagers eat it mainly when drinking tea, as a cheap substitute
for sugar. Jaggery obtained from the sap of the kitool palm
(Caryota urens L.) or the palmyra palm (Borassus flabellifer L.)
is also popular.

Finally it should be mentioned that a few of the villagers
occasionally indulge (one of them frequently) in the alcoholic
products of the coconut palm. Sweet toddy, if allowed to ferment,
becomes toddy, which is a pleasant and intoxicating drink sold in
taverns all over the island. (A government license must be obtained
if a palm is to be tapped for toddy.) Distillation of toddy yields
a spirit called arrack, the price of which varies with quality and
label between Rs 15 and Rs 30 per bottle (0.76 I). It is mainly
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arrack which is drunk in the village, although few of the villagers
can afford to buy it and most abstain, in keeping with the
teaching of the Lord Buddha.

(ii) Cadjans

Cadjans are used to thatch practically every structure in
the village, including all the chena huts and all of the houses
but one. The annual requirements of cadjans for the different
types of building are discussed in Chapter 10, Sections 6 and 8; the
total requirement is 33 cadjans per capita per year (see Table
10.4). Very few cadjans are made in the village, perhaps 200
per year or about one per capita per year. The rest have to be
bought from caravans of traders outside the village who bring
huge cartloads of cadjans from the large coconut plantations in
the Kurunegala and Puttalam districts. The cost per 100 cadjans
varies from Rs 40 at Palukulama, to Rs 50 at Anderegoda. (Cadjans
from Palukulama, on the one occasion when they were measured, were

found to be shorter than average.) Transport to the village, if
the villager himself is unable to provide it, costs about Rs 5 per

100 cadjans. Most of the villagers obtain their cadjans from

Anderegoda and most either own or can borrow, a cart and bullock
to transport them. Hence it is reasonable to assume an average

total cost of Rs 50 per 100 cadjans, which implies an average

expenditure on cadjans of Rs 16 per capita per year.

The way in which cadjans are made is described in Appendix 18.
The labour requirement is small, maybe 20 minutes per cadjan and it
is not clear why the villagers do not make more cadjans themselves
instead of buying them. It may be that no villager owns enough
palms near the irrigation tank (where the leaves have to be soaked)
to make it worthwhile on a continuous basis. Furthermore cadjans
cannot be stored indefinitely and piecemeal replacement of the roof
would be inconvenient and difficult. It is estimated that about

10 leaves fall from each palm in the village per year. If all of
these were used, the villagers could make about 12 cadjans per capita
per year which represents over a third of their requirements.
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The average air-dry weight of the leaves from the village
palms (at a moisture content of 15% d.b.) is estimated to be
1.5 kg, of which the petiole accounts for one-third (see
Appendix 16). Assuming that the tail-end of the leaf which is
cut off has an air-dry weight of 0.1 kg, the air-dry weight per

•cadjan will be 0.9 kg. It is estimated from the length of the
leaves that those cadjans which are made in the village will be
about the same length, on average, as those which are bought
outside, that is, 2 metres. Hence it can be assumed that the

average air-dry weight of all the cadjans in the village is 0.9 kg.

(i ii) Firewood

The shell of the coconut is very hard and takes only a few
days to dry from the time that the kernel is scraped out. It
burns readily with a strong hot flame and consequently it makes
good firewood. Practically all of the shells in the village are

used for this purpose and hardly any are wasted. The oven-dry
weight of the shell from the "standard" coconut is 155 g (see
Table 8.1), which gives an air-dry weight (m.c. 15% d.b.) of 178 g.

With an average consumption of 91 nuts/capita/year this implies
that 16 kg of coconut shells will be available annually per person.

Coconuts bought outside the village are already husked so

that only the husks from the village nuts are available for use as

firewood. Coconut husk is fibrous and readily absorbs water; the
husk from a fresh nut can take a long time to dry although once it
is dry it makes good firewood. The husks from immature nuts,
which have been discarded after the water has been drunk, take
even longer to dry and do not burn well; consequently they are

not used as firewood. With an oven-dry weight per "standard"
husk of 330 g (see Table 8.1), the air-dry weight of mature
husks available per capita per year will be about 4.7 kg, of
which, it is estimated, about 3 kg will be used as firewood.

The dried leaves of the coconut palm can also be used as

firewood although the petioles take a long time to dry. The
dried leaflets make excellent kindling material but in the village
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fires are usually rekindled from the glowing embers which are

covered with ash when the fire is not in use. Partly because of
the long time which the petioles and midribs take to dry, and
partly because of the availability of dry wood from the chenas,
very few coconut leaves are used as firewood in the village.
The petioles cut from leaves when cadjans are made are generally
used; on average one cadjan is made per capita per year, and the
air-dry weight of the petiole cut off is 0.5 kg. In addition
it is estimated that another 2 leaves are used for firewood per

household per year, which is equivalent, since the air-dry weight
of a leaf is 1.5 kg, to a further 0.5 kg per capita per year.

In total, therefore, about 20 kg of air-dry coconut firewood
is used per capita per year, of which 80 per cent is shells, 15 per

cent husks and 5 per cent leaves. It should be mentioned that
although no use is made of them, the spadices (consisting of the
sheath and the fruit-bearing structure) which fall from the palms
can also be used as firewood. It is estimated that about 8 spadices,
each with an air-dry weight of 0.35 kg, fall annually from each
palm (see Appendix 16). This is equivalent to a total air-dry
weight of 3.4 kg/capita/y.

(iv) Other uses of the coconut palm

There are a few minor uses of products from the coconut

palm. For example a few of the coconut shell halves are used as

cups or containers and children sometimes make toys with them.
The shells can also be used in making spoons and ladles, although
these are practically always bought outside since they are not
expensive. Some of the coconut husks are used in the home gardens
for mulching on account of their water-retaining capacity, although
most are used as firewood. Finally, on festive occasions, various

parts of the coconut palm, particularly the inflorescences and the
leaflets, are used in making decorations.

8.3 Coconut flow diagram for village

Using the information above it is possible to construct a

flow diagram showing the various uses in the village of the different



parts of the coconut palm, and how home production has to be

augmented by imports from outside. It was decided to consider

only those coconut products which are produced at least in part
within the village; products such as coconut oil, jaggery and
arrack, which are consumed in the village but which have to be
brought in entirely from outside, were not included.

The basic coconut flow diagram is shown in Figure 8.1,
derived from the data and assumptions already discussed in the
text. As before, in order to reduce the effect of cumulative

rounding errors, all calculations have had to be carried out to
a higher degree of accuracy than is perhaps justified by the
original data. The details of the calculations on which the diagram
is based are shown in the relevant boxes. The estimated magnitude
of each flow, rounded to one or two significant figures, is
indicated on the appropriate flow line.

Whilst for some purposes it would obviously be better to

express all weights on a dry-matter basis, it was decided that in
this case it would be more appropriate to express the weights of
all coconut products at the moisture contents at which these products
are normally used in practice. Thus those parts of the coconut
palm which are burnt as firewood will usually be allowed to dry
completely before use, when the moisture content will be about 15%
d.b. On the other hand, the water from an immature coconut, which
is about 95% pure water, will be drunk as soon as the nut is cut open

The moisture content of the kernel as used in the village is taken
to be the same as that of the "standard" nut, that is, 46% w.b.

Five operations requiring human labour are shown on the diagram
plucking, husking, shelling and scraping, preparation of coconut
milk and making cadjans. None of these takes very long or is
particularly arduous. The estimated times taken in the village
for each operation, and the total labour requirement per capita per

year for the quantities involved in the village, are shown in
Table 8.2. The operation requiring most time overall is shelling
the coconut and scraping out the kernel. This is done mainly by
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Table 8.2 Labour requirements for coconut operations in the village

Operation Estimated
rate of work

Quantities
requiring
operation
per capita
per year 1

Total labour
requirement
per capita
per year
(min)

Plucking nuts from palms 2 4 min/nut 25 nuts 100

Husking nuts 3 < 1 min/nut 12 nuts 10

Shelling and scraping kernel * 20 min/nut 91 nuts 1820

Preparation of coconut milk 5 10 min/nut 30 nuts 300

Making cadjans ' 30 min/cadjan 1 cadjan 30

Total = 2260 min

37.7 hr.

Notes: 1 See coconut matter flow diagram (Figure 8.1).
2 According to Child (35), if the nuts are picked by climbing the palms,

as is the case in the village, then it is only possible to harvest about 25 palms
in a day. This figure refers to professional climbers; in the village a rate
of 20 palms/day would seem reasonable. With 4 or £ mature nuts per palm this
would give about 90 nuts/day, or, assuming 6 h actual working time per day,
4 min/nut.

3 Professional workers can dehusk as many as 2,000 nuts/day according
to Child (36). Assuming 6 h work per day, this implies 0.18 min/nut. In the
village, where only one or two nuts were husked at any one time, the operation
was observed to take rather longer; twelve nuts would probably take about 10 min
to husk.

H Rate of work estimated from observations in village.
5 It takes about 10 min to make coconut milk from the scraped kernel of

one coconut (3 separate pressings), or, assuming, as for the standard nut, 339 g
kernel/nut, about 30 min/kg kernel.

6 See Appendix 18.
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the women and is one of the more strenuous tasks involved in food

preparation. From the data given in Table 5.11, it is estimated
to involve an energy expenditure of about 200 W/45 kg. By
Equation 5.8, the corresponding human energy input for 1820 min
or 30.3 h of this operation is 12 MJ, which is only about 2 per

cent of the total human energy input to work per capita per year

(see Figure 5.4). The energy input to the other operations
described above is even smaller and the total input to all five
operations is estimated to be only 14 MJ/capita/y.

The essential features of the basic diagram, in respect of
the production, consumption and import of coconut products, and
the quantities of unused, and in some cases potentially usable,
coconut material, are summarised in Figure 8.2. All the flows
shown on the original diagram have been incorporated and all the
material elements grouped under four headings: available matter,
unused matter consumed matter and matter bought outside. The
three major products of the coconut palm used in the village are

fresh coconut food, cadjans and coconut firewood. The first of
these comprises the water and kernel from immature nuts, mature
coconut kernel and coconut milk. Of the total quantity of kernel
used in the village, either directly or indirectly (as coconut
milk), roughly 85 per cent is bought outside. Even if all the
coconuts produced in the village were consumed when mature and not

partially consumed as kurumbas, it would still be necessary to import
about three-quarters of the requirements of ripe nuts. Some 95 per

cent of the cadjans used for roofing have to be imported and again,
even if all the coconut leaves available in the village were made into
cadjans they would still amount to less than 40 per cent of total
requirements. Of the 20 kg of coconut firewood consumed per capita
per year in the village, 70 per cent is imported, not, of course,

as firewood, but as a by-product from the imported nuts. About
5 per cent of the firewood comes from the leaves of the coconut

palms in the village, although if all the unused leaf material and
spadices in the village were used as firewood they would double
the present consumption of firewood from the coconut palm. About
half the weight of unused coconut firewood in the village is usable
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for making cadjans although, of course, it is possible to burn
used cadjans if only as kindling.

The four groups of material elements in Figure 8.2 are

related in a very simple way. Using' the notation,

A = usable matter available in village

U = usable but unused matter

C = consumed matter

and B = usable matter bought outside village

it is clear that,

C + U = A + B,

or C - A - U + B (8.1 )

It is tempting to put numerical values on these quantities for
each of the coconut products used in the village but it is, in
some cases, difficult to interpret the meaning of the equation
so derived. For example material available in the village for
making cadjans can also be used to a limited extent as firewood,
just as the coconuts in the village can be picked either when
mature or immature. It is thus difficult to define what exactly
is meant by "available matter" for any one product. If "available
is taken to mean "available, assuming other uses of the coconut

palm as at present", then, using the latter form of the equation
above (Equation 8.1), it is possible to write, for coconut kernel,

C(31) = 4(4) - U(0) + B(27) (kg wet kernel),

for cadjans,

C(33) = 4(12) - U(11) + £(32) (number of cadjans

and for coconut firewood (excluding the use of old cadjans),
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C{20) - >1(26) - u{20) + fl(14) (kg @ m.c. 15% d.b.).

8.4 Energy flow diagram

From the summarised coconut flow diagram above it is possible
to construct an energy flow diagram as shown in Figure 8.3. The
energy contents of the flows of matter have been calculated by
using the dry basis heats of combustion given in Appendix 17,
Table A17.2. All of the calculations are based on the original
assumptions made in Section 2 of this chapter.

On the three major uses of the coconut palm in the village,
cadjans have the highest energy content (517 MJ), accounting
for almost 40 per cent of the total energy consumed (1340 MJ).
Of the remainder, 59 per cent is actually used as a source of
energy, either as food (33%) or as firewood (26%), whilst minor
uses of palm products account for 2.5 per cent. The total
energy content of usable coconut produce available from the palms
in the village amounts to almost 600 MJ/capita/year but only about
40 per cent of this is actually used. Of this 40 per cent, about
a third is "edible" energy, and of this "edible" energy about 15
per cent is lost in the kernel residue discarded when coconut milk
is made. Since about half of the coconuts produced in the village
are picked when immature, the full potential of the village palms
as a source of "edible" energy is not realised. Figure 8.4 gives
the annual production of energy which would be possible from a village
palm were all the coconuts allowed to mature before picking. "Edible"
energy would then account for 18 per cent of the total production of
usable energy compared to 13 per cent at present. The total usable
energy available from the palms in the village at present amounts to
470 MJ/palm/y, which is only three-quarters of that which would be
available were all coconuts allowed to mature before picking

(616 MJ/palm/y). All usable coconut matter which is not edible can

be burnt as firewood although the leaflets are really only suitable
as kindling. Some of this potential firewood can be used alternatively
to make cadjans; in the village at present, potential cadjan material
accounts for one third of the total usable energy available from the
village palms.
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Only 2 per cent of the energy in the fresh coconut food
consumed in the village comes from kurumbas. The average energy

content of the fresh coconut food consumed per capita per day
is 1.2 MJ, or about 10 to 15 per cent of the apparent gross energy

intake (9.5 MJ). Of the manufactured coconut products eaten in
the village, coconut oil is the most important, accounting for
109 MJ/capita/y (see Table 5.16) or 0.3 MJ/capita/d. The energy

derived from the consumption of jaggery and arrack is very small
in comparison. (See consumption data in 1969-70 Socio-Economic
Survey (37) and 1973 Central Bank Survey (38)). The total energy

content of all the food from the coconut palm which is consumed
in the village will probably be about 1.6 MJ/capita/d, or just over

15 per cent of the apparent gross energy intake (9.5 MJ/d).

Applying Equation 8.1 to fresh coconut food measured in energy

units gives,

CF(441) = Ap(78) - Up(83) + Bf(446). (8.2)*

It is clear that roughly the same quantity of energy is lost in the
kernel residue discarded after making coconut milk as is obtained
for eating from the village palms. The proportion of the consumed
energy coming from outside the village can be calculated by
dividing the unused energy Up into two parts according to the
proportion of coconut kernel coming from inside and outside the
village:

Up = unused food energy from inside village

and UF = unused food energy from outside village.

Then Up (83) = u£ (11) + I// (72)

* The units in this and the following equations are MJ/capita/year,
as in Figure 8.3.
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and cf(441) =^(78) - 7// (11) +5^(446) - i/® (72)

= Ap (67) + B/(374) (8.3)
N A

where A„ = A„ - U„ = net food energy available from inside villaget t t

N B
and Bp = Bp - Up = net food energy imported from outside village.

Hence 85 per cent of the consumed energy comes from outside the village.
The food energy consumed from the village palms amounts to 67 MJ/capita^
or 0.18 MJ/capita/d. This represents a very small proportion, about
10 per cent, of the total consumption of food energy from coconut

products (1.6 MJ/capita/d), including those bought wholly outside.

Applying Equation 8.1 to the whole of the energy flow diagram
in Figure 8.3 gives,

yi340) = At(579) - UT{431) + By(1192) (8.4)

Again, this equation is more easy to interpret if JJ is split up

into the energy lost in the kernel residue, Up (83 MJ), and the
energy in the unused coconut firewood, u„ (348 MJ), which includesw

the unused cadjan material, uc (177 MJ). The above equation can
then be rewritten:

7^(1340) = ^(579) - Uw( 348) + By(1192) - Up(83)

or, Cy( 1340) = (568) - y343) + b/ (1120) (8.5),

where A„ = Am - = net total energy available from inside village,1 It

N B
and B = By - Up = net total energy imported from outside village.

Since all of By is consumed, it is clear from the last equation that
of all the coconut energy consumed in the village, almost 85 per cent
comes from outside, and this is excluding, as already mentioned,
those coconut products such as coconut oil and jaggery which are
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wholly imported. The proportion of Cwhich is available from
the palms in the village is about 40 per cent, but of this
available energy about 60 per cent is unused. It is worth
emphasising, however, that even if all this unused energy were

consumed, the imported energy would not be reduced by the
same amount. The imported coconut firewood, (241 MJ), is in
the form of coconut shells, one of the best fuelwoods available
in the village, and these shells are in any case only a by-product
since the coconuts from which they come are bought for their kernel.
The unused coconut firewood from the village, uw (348 MJ), is in
the form of dried leaves and spadices, which do not make such good
firewood as the shells. Consequently if the presently unused
firewood is burnt, CT will simply increase by 348 MJ. On the
other hand, if the unused leaves were used to make cadjans, the
number of cadjans having to be bought outside the village would
be reduced accordingly. In this case would be reduced by
177 MJ, the value of uc- In conclusion, it is apparent that if
all the unused leaves and spadices were burnt as firewood, equation
8.5 would become,

Ct(1688) = A* (568) - i/^O) + (1120) (8.6),

indicating that two-thirds of the total consumed energy C would
come from outside the village; alternatively, if all the unused
cadjan material were made into cadjans and the rest of the unused
material were burnt as firewood, equation 8.5 would become,

^(1511) = (568) - Uw(0) + B£ (943) (8.7),

so that the proportion of imported energy would be smaller still
(62% compared to 66%).

One other possible change in the present use of the coconut

palms in the village is worth considering. If all the coconuts
from these palms were allowed to mature before picking, instead
of half of them being plucked as kurumbas, the number of nuts
having to be bought outside would be reduced. Assuming that the



quantity of kernel consumed in the village and the proportion
of this which is made into coconut milk remain the same, it can

be shown that equation 8.2 would become,

Cp(432) = 4^(138) - UF(83) + 5^(377).
A

U„ would double to 22 MJ, so that equation 8.3 would become,
r

Cp{432) = 4/(116) + Bp (316).

The number of coconut shells consumed in the village would remain
the same, but since nuts bought outside are already dehusked,
12 mature husks would become available as a result of the change,
so that Aw would increase by 81 MJ. Assuming no other changes
in the use of the palm take place, equations 8.4 and 8.5 would
become, respectively,

^(1331) = 4^(759) - UT(512) + By(1084)

and Cp( 1331) = 4/(737) - ^(429) + s/(1023).
Equations 8.6 and 8.7, corresponding to different uses of the
unused woody material UTJ, would become, respectively,VJ

CT{ 1760) = 4/(737) - Uw(0) + (1023) (8.8)
and Cp( 1583) = 4/(737) - yO) + b/(846). (83)

The latter equation corresponds to the situation where no kurumbas
are drunk, all the coconuts from the village palms are allowed to

mature, all the leaves are used for making cadjans and all the
remaining woody matter (excluding that consumed in minor uses,

as at present) is burnt as firewood. The proportion of the
total consumed energy (cy) which would come from outside the
village in this situation is just over half, compared to almost
85 per cent at present. The total imported energy, given by,
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Sy(907) - (846) + Up (61)

would be about three-quarters of its present value and the total
cost of the imported coconuts and cadjans about 80 per cent of
its present value. Any further reduction in these percentages
would require an increased productivity of the palms in the
village or else a greater number of palms.

The above situation, in which the maximum possible use is
made of the palms in the village, would only arise if the villagers
were forced for financial reasons to cut down on their imports
of cadjans and coconuts and if, at the same time, firewood became
scarce. Most of the firewood used in the village is obtained
from the surrounding jungle, where trees are felled in order to
clear the land for chena cultivation. However, some time during
the next few years, when the Mahaweli Development Project has
been completed, there may well be a shortage of firewood from
this source. The area covered by the project extends to within
a relatively short distance of the village and there will be
very few sources of firewood within the project area (39). Most
of the colonists will be expected to buy kerosene for cooking,
but it seems likely that many will try to obtain "free" firewood
from the surrounding jungle. This could endanger the traditional
practice of chena cultivation in villages like Nikinigama and
also threaten their erstwhile free sources of firewood, especially
since most of the chena land around these villages is, in fact,
Crown Land belonging to the government.
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CHAPTER 9 FIREWOOD USE

9.1 Introduction

Little is known in Sri Lanka about the use of firewood except
that it is the most extensively used fuel in the domestic sector.

According to the results of the Socio-Economic Survey of Sri Lanka
carried out in 1969-70, 94 per cent of all households in the island
are dependent on firewood as a fuel for cooking; in the rural
sector the percentage is even higher. The next most common fuel
for cooking is kerosene, whilst electricity, although supplied to
9 per cent of all households, is used almost exclusively for

lighting (1).

Sankar and Fernando (1978), whose work has already been
discussed briefly in Chapter 1 (see pp.35, 36), derived estimates
of firewood consumption in Sri Lanka from five sources (2). Two
of these were consumer expenditure surveys carried out by the
government, which gave data on the average expenditures per house¬
hold on firewood and other fuels. From the first of these, the
1953 Consumer Price Index, Sankar and Fernando estimated a consumpti
of 2.02 t/y per household. The data given in the second source,

the 1969 Socio-Economic Survey, were converted first into quantities
of fuel, assuming average prices paid at the time of the survey,

and then into equivalent measures of "useful heat", assuming
average thermal "efficiencies" for the different fuels. It was

estimated that the "useful heat" which could be obtained from

firewood was 14% of its heat value, which was given as 4,200 kcal/kg
(17.6 MJ/kg). For kerosene, higher efficiencies of 43% in a wick
stove, and 51% in a pressure stove, were assumed. The total
quantity of useful heat obtained from all fuels was calculated to
be 1.56 x 106 kcal/y (6.5 GJ/y) per household. This was estimated
to be equal to the "useful heat" provided by 2.65 t of firewood.

An informal opinion survey, conducted by Sankar and Fernando,
of households using firewood in Colombo indicated an average

consumption of about 1 cwt/week (51 kg/week) per household of six.
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This is equivalent to 2.65 t/y, although for some reason Sankar
and Fernando give 2.4 t/y. A similar survey of households using
kerosene indicated a "useful heat" consumption of 1.47 x 106 kcal/y
(6.2 GJ/y), which is equivalent to 2.5 t/y of firewood. Finally,
Sankar and Fernando estimate from data in India, where cooking
practices are similar to those in Sri Lanka, that the total energy

requirements of a household of six would be equivalent to about
2.4 t/y of firewood.

Comparing these estimates, Sankar and Fernando conclude that
the total "useful heat" requirements for cooking in Sri Lanka would
be, on a conservative basis, about 1.3 x 106 kcal/y (5.4 GJ/y) per

household of six (3). Assuming, as above, that the "useful heat"
which can be obtained from firewood is about 14 per cent of its
heat value (4,200 kcal/kg), this is equivalent to 2.2 t/y of
firewood. Lighting is estimated to require a further 0.2 x 105 kcal/y

(o.8 GJ/y) of "useful heat", giving a total "useful heat" requirement
per household of 1.5 x 106 kcal/y (6.3 GJ/y).

Using this as an average requirement for all the households
in Sri Lanka, and deducting the useful heat contributed by
electricity and commercial fuels in the domestic sector, Sankar
and Fernando estimate that the total consumption of firewood for
domestic purposes in Sri Lanka would have been about 3.5 Mt/y in
1965, 3.4 Mt/y in 1970, and 4.2 Mt/y in 1975 (4). Assuming the
populations given for these years, the equivalent quantities consumed
per capita are about 310 kg/y in 1965, 270 kg/y in 1970, and 310 kg/y
in 1975. These figures take no account of the industrial use of
firewood, particularly for drying on the tea estates, for making
copra, and also in the production of jaggery.

Perera (1980) estimated that by 1978, the annual demand for
firewood in Sri Lanka would have increased to about 4.5 Mt (5),
which is equivalent to approximately 320 kg/capita/y. Future
trends are difficult to estimate, but Fernando (1980) predicts that
unless some other source of energy is found, deforestation in Sri
Lanka could have serious consequences by the year 2000, when the
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population is expected to be about 20 million. Even in 1975,
Sankar and Fernando (6) calculated that a substantial proportion of
the firewood used in the domestic sector, about 3 Mt out of the
estimated total of 4.2 Mt, was obtained from unidentified and

possibly illegal sources.

All of these calculations and predictions, whilst probably
not far from the truth, are based on estimates of firewood

consumption obtained, as shown above, from expenditure surveys

and informal opinion surveys. No actual measurements were made.

Weatherley and Arnold (1977), who carried out an environmental
assessment of part of the Mahaweli Development Project, also
relied on personal interviews for their estimates of firewood

consumption* They found, like Sankar and Fernando, that the
reported consumption of firewood was equivalent to about 1 cwt/week
(51 kg/week) per family of six. However, in their analysis of

energy requirements within the project area they appear to assume

average consumption rates varying from 2.2 to 3.5 t/y per family
(see Appendix 18 ).

9.2 Sources of firewood in village

As the village of Nikinigama is surrounded by thick jungle,
there is little difficulty in obtaining firewood; there are

plenty of nearby trees which could easily be felled. It is more

convenient, however, to collect wood from the chena lands, where
most of the trees have had to be cut down in any case, in order
to clear the land. Although much of the vegetation is burnt to
ashes when the chena is fired, there is always a substantial
quantity of unburnt wood left over. This is generally collected
by the farmers and stacked in piles at various places in the chena,
ready to be carried home when required. In most cases, there is
more than enough wood left over after a chena has been fired to
meet all the requirements of the family cultivating that chena;
indeed firewood is quite often obtained from an abandoned chena
if this is more convenient. For practically all of the village
households, the need to cut down trees for the purpose of chena
cultivation far exceeds the need to fell them for obtaining firewood.



So long as this situation prevails, there will be no shortage
of firewood in the village. As pointed out at the end of the
last chapter, however, there is a strong likelihood, over the next
few years, of firewood being taken from the village chena lands
by colonists from the Mahaweli Project Area. If this occurs

to a significant extent then clearly the villagers' supply of
firewood, not to mention their practice of chena cultivation,
could be threatened.

Normally firewood is carried back to the house as a headload
of 15 to 20 kg. Sometimes the women will go specially to bring
firewood from the chenas, but often the men bring wood when they
return to the house after finishing their work. If the chena
borders on one of the major paths to the village the firewood
may be brought on the back of a bicycle or sometimes on a bullock
cart. In the latter case, a much larger load of 150 to 200 kg
would be carried. Before use, most of the wood is chopped into
pieces weighing about 5 kg; this is often done in the chena
before the wood is carried home.

There are many varieties of bush and tree growing in the chena
lands surrounding the village. Some of these make good firewood,
but others spark and crackle or produce clouds of smoke and very

little heat. The villagers show a remarkable knowledge in being
able to identify from which types of tree or bush a particular
piece of firewood was originally obtained. They can even distinguis
between heart and sap wood. A list of various woods used in the
village is given in Table 9.1. The botanical names were identified
with the help of the Sri Lanka Forest Department in Colombo and
by reference to a number of their publications (7). One source

of firewood not included in Table 9.1 is the coconut palm (Cocos
nucifera). The use of various parts of this tree as a fuel for
cooking has already been discussed in the previous chapter.

9.3 Uses of firewood

There are basically six operations in the village which require
the use of a wood fire. In rough order of importance these are as

follows:
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Table 9.1 Principal sources of firewood in Nikinigama

Local name Botanical name

Most commonly used woods

1 V i ra Drypetes sepiaria
2 Seru Tricalysia dalzelle
3 Andere Acacia Leucophloea
4 Buruta Chloroxylon swietenia
5 Boredamene Grewia polygama
6 Kunumela Diospyros ovalifolia
7 Panakka Pleurostylia opposita
8 Katupila Tephrosia purpurea

9 Palu Manilkara hexandra

10 Karapincha Murraya paniculata

Less commonly used woods

11 Kuratiya Memecylon rostratum

12 Kurundu Neolitsea involucrata

13 Mara Albizzia lebbek

14 Kora Canthium coromandel-ici

15 Halmi11a Berrya cordipholia
16 Helemba Mitragyna parvifolia
17 Mi 1 la Vitex pinnata
18 Kon Sch.leic~h.era oleosa

19 Kirikon Aglaia roxburghiana

Poor fuelwoods

20 Ahetu Ficus tsiela

21 Gedeme Trema orientalis

22 Nungge Ficus altissima
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(i) Cooking

The composition and timing of the meals eaten in the village
have already been described in Chapter 5, Section 4. The two
most important foods in the diet are rice and kurakkan, which
together account for almost two thirds of the total available
energy intake. The rice is generally cooked to dryness in water,
and is usually eaten with one or more curries, which are also
cooked. Altogether the cooking of the rice and curries will
take at least an hour. Kurakkan, on the other hand, is eaten
in the form of a thick pancake or roti, made with kurakkan flour,
water and scraped coconut. This is fried with a small quantity
of coconut oil on a flat metal plate, an operation which takes
only a matter of minutes. The roti is usually eaten with sambol,
a mixture of scraped coconut, chillies and onions, which is not
cooked at all.

Because of the different ways of cooking these two cereals,
firewood consumption will be generally higher for those families
which eat more rice. The poorer families in the village, which
eat more kurakkan, will use less firewood.

(ii) Boiling water for tea

Everyone in Sri Lanka drinks tea. In the village it is
usually drunk three times a day: once before breakfast, once in
the mid-morning, and once in the mid-afternoon. However, as

mentioned earlier, none of the families in the village finds it
necessary to boil their drinking water.

(iii) Parboiling paddy

The advantages of parboiling paddy before it is milled have
already been referred to in Chapter 6, Section 6, and it was

estimated that about 80 per cent of the paddy consumed in the
village was treated in this way. The paddy is generally
parboiled in large earthenware pots in quantities of 5 to 10 kg
at a time. The operation takes about 1 to 1J hours, after which
the paddy is left to dry for 48 hours before milling.



387

(iv) Heati'itj water for bathing

Most of the villagers are in the habit of bathing in the
irrigation tank, usually in the evening. Occasionally, however,
the older folk prefer to wash at home, in which case the water is

usually heated first over a fire.

(v) Space heating

The average annual temperature recorded at Anuradhapura is
27°C, and it is rarely so cold in the village that a fire is needed
at night. But in January and February, the coldest months in the
year, the temperature can drop to as low as 20°C, and some of the
older villagers feel the need of a small wood fire in the house.

(vi) Boiling clothes

Most clothes are washed in the irrigation tank, usually by
applying soap and water and then beating them against a large stone.

Only occasionally is there any need to boil clothes; indeed the
operation was only observed by the writer on one occasion, at the
home of one of the few families in the village which still carried
out, in addition to farming, the traditional r61e of the rada or

washerman caste. Ritual garments and sheets, which are used on

certain ceremonial occasions, are boiled as and when required.

9.4 Measurements of firewood consumption in specific operations

The quantities of firewood required for three specific
operations - boiling water, cooking rice and parboiling paddy -

were measured by the writer on several occasions, both in the
village and elsewhere. The results of these measurements are

summarised below.

Boiling water

Altogether 68 tests were carried out with six different metal
vessels, some over an open three-stones fireplace and some over

a closed mud hearth. Allowing for the small quantity of charcoal
produced, the effective weight of wood required to boil 1 kg of
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water was found to vary between 0.1 and 0.3 kg. The results of
a few tests carried out with larger quantities of water (up to
6.5 kg) suggested that the weight of wood required per kilogramme
of water boiled does not decrease significantly as the weight of
water is increased. More accurate tests carried out by the writer
with gas as a fuel showed that the fuel requirement for boiling
water was linearly related to the quantity of water boiled, but
had a positive y-intercept. With firewood as a fuel, it was

found that there was a considerable variation in the quantity of
wood used, even for replicate tests with the same vessel and the
same type of wood. The average quantity of air-dry wood required
per kilogramme of water boiled appears to be about 0.2 kg for
metal cooking vessels. The requirement for ceramic vessels was

not measured but, in fact, ceramic vessels are never used for

boiling water in the village.

The time taken to boil 1 kg of water varied between 5 and 25
minutes, depending on the vessel used and on whether the fireplace
was still warm from a previous test. The average rate of burning
in series of replicate tests was found to vary between 12 and 24 g/min,
with an overall average of 15-20 g/min, or approximately 1 kg/h.
For boiling larger quantities of water, say 5 to 10 kg, the
villagers used more wood, and an average burning rate of about
2 kg/h was observed.

Cooking rice

The quantity of firewood used in cooking rice was measured
on only three occasions, although on a later visit to the village,
in 1981, a further two measurements were made. In each case the

cooking operation was carried out by one of the women in the village
and the writer only weighed the quantities involved. The weight
of rice cooked varied between 0.8 and 1.6 kg, and the effective
weight of wood used between 0.47 and 0.95 kg. The effective
weight of wood used per kilogramme of rice cooked ranged from
0.44 to 1.0 kg, although a definite difference was observed between
the requirements for raw and parboiled rice. Three of the five
measurements were carried out with raw rice; the total effective
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weight of wood used was 2.06 kg and the total weight of rice
cooked 3.83 kg, giving an average requirement of 0.54 kg of wood
per kilogramme of rice. For the two measurements made with

parboiled rice an average requirement of 0.84 kg wood/kg rice
was observed.

One of the reasons for the difference is that there is usually
a much higher percentage of broken grains in raw rice, especially
if the rice has been hand pounded or milled in a steel huller mill.
Because of this the villagers will use considerably more water
when cooking parboiled rice than when cooking raw rice. In the
five measurements above, the average weight of water added per

kilogramme of rice cooked was 2.3 kg for the parboiled rice and
1.7 kg for the raw rice.

As most of the rice consumed in the village is parboiled,
the average weight of wood required per kilogramme of rice
cooked will be about 0.8 kg. The proportion of the rice ration
which is parboiled varies, depending on its source, but appears

to be over 50 per cent on average. As the average consumption
of rice in the village was probably about 100 kg/capita/y in
1977/78 (see Table 5.16), the quantity of firewood used for
cooking rice would have been about 80 kg/capita/y.

Parboiling paddy

Eight measurements were made to determine the quantity of
firewood required for parboiling paddy in the village. As with
the cooking of rice, the operation was carried out by one of
the women in each case. The quantity of paddy varied between
5.7 and 11.3 kg, depending on the size and the requirements of
the family concerned, whilst the weight of wood used was found to

vary between 4.4 kg and 7.6 kg. (No allowance was made for the
weight of charcoal produced since the operation was always carried
out on a separate fireplace outside the kitchen area, and none of
the charcoal was used for any other heating or cooking operation.
The weight of wood used is therefore equal to the weight of wood
wholly or partially burnt in carrying out the operation.) Altogether,
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in the eight tests, 46.7 kg of wood were used to parboil 66.0 kg
of paddy, giving an average requirement of 0.7 kg per kilogramme
of paddy.

The time taken to complete the parboiling varied between
75 and 105 minutes, and the average rate of fuel consumption
between 49 and 100 g/min. Altogether, over the eight tests,
it took 669 minutes to burn a total of 46.7 kg of wood, giving a

weighted average of 70 g/min, or just over 4 kg/h.

9.5 Measurements of total firewood consumption for cooking

Measurements of the firewood consumption of 6 households in
the village were carried out over a period of 10 days in February 1978.
The households concerned were asked to use only wood from a certain
pile which was carefully checked and weighed every 24 hours and
replenished when necessary. As only the first two of the six
operations described in Section 3 are carried out daily, the
households were asked to use wood from elsewhere if one of the

latter four operations was carried out. Inevitably, however, some

of the measurements had to be discarded, because of wood inadvert¬

ently being taken from somewhere else or being used for purposes

other than cooking or making tea.

The results of these measurements are shown in Table 9.2.

The average consumption of wood in each household has been compared
with the number of persons living in the household at the time and
also the number of male adult consumption units. It might be
expected that firewood consumption would depend more on the quantity
of food cooked, and therefore on the number of units in the
household, than it would on the number of persons in the household.
However, the average figures in Table 9.2 suggest that firewood
consumption varies almost as much whichever measure of household
size is used.

The total consumption of firewood by all six households was

327 kg. This was consumed in 221 unit-days, giving an average

consumption of 1.5 kg/unit/d. The largest of the six households



Table 9,2 Measurements of firewood consumption for cooking

Household number 123 4 56

Name of householder Sina Dingiriya Silva Weerapuliya Kiriya Vela

Consumption of wood (F)
in kg/day Day: 1 6.8 8.5 8.8 13.1 13.4 7.6

2 6.5 8.1 8.0 14.5 14.2 9.8

3 3.7 5.1 6.1 11.4 14.1 8.2

4 2.3 8.0 10.5 7.4 11.9 10.4

5 2.0 - 9.7 9.7 13.8 10.6

6 - - 8.8 8.9 11.7 8.0

7
O

- - 9.4

ft ft

- -

o

9 - -

O . O

7.5 - -

Total weight in kg COCM 29.7 77.6 65.0 79.1 54.6 327.3

Number of days 5 4 9 6 6 6

Average weight per day (F ) 4.3 7.4 8.6 10.8 13.2 9.1 53.4

Standard deviation 2.0 1.4 1.2 2.4 1.0 1.2

Coefficient of variation 48 18 14 23 8 13

Measure of household

size *: a 3 6 6 10 10 11 46

b 2 5 5 7.3 8.4 8.6 36.3

Number of unit-days 10 20 45 43.8 50.4 51.6 220.8

Average weights: Fav/a 1.4 1.2 1.4 1.1 1.3 0.83

F Jb
av

2.1 1.5 1.7 1.5 1.6 1.1

* a = number of persons

b = number of units

(see Appendices 4 and 8)

Linear regression analysis (houesholds 1 to 5)

n = 5: Fm (kg/d) = 1.08 a + 1.29 (r = 0.96)
Fm (kg/d) = 1.35 b + 1.37 (r = 0.99)

n = 30: F (kg/d) = 1.06 a + 1.57 (r = 0.82)
F (kg/d) = 1.35 b + 1.50 (r = 0.85)
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was much poorer than all the others, mainly because the father
drank too much and rarely gave proper attention to his paddy
fields and chena land. As might be expected, the ratio of
kurakkan to rice in their diet was higher than for the other

households, and their average firewood consumption per unit-day
was below the overall average, being just over 1 kg. If the
measurements for this household are excluded, the average

consumption is 1.6 kg/unit/d, which is equivalent to about
50 kg/week for an average household of six persons containing
4.5 units.

Despite a high day-to-day variation, the average consumption
of firewood for cooking (F v) is highly correlated with the number
of units in each household (b), as shown in Figure 9.1. If the
measurements for household 6 are excluded then the regression
line between F and b is

av

Fav (kg/d) = 1.35 b + 1.37,

and the correlation coefficient (r) is 0.99. This relationship
can be written more simply in the approximate form

Fav (kg/d) = 1.35 (b + 1), (9.1)

which shows that firewood consumption is roughly proportional to
the number of units per household plus one. It is clear from

Figure 9.1 that the average firewood consumption for household
6 is well below this line. Indeed the predicted consumption
according to Equation 9.1 for a household containing 8.6 units is
almost 13 kg/d, which is more than 40 per cent greater than the
average observed consumption for household 6 of 9.1 kg/d.

For integration into the final flow diagram, it is more

convenient to analyse the data on a per capita basis. The
average consumption of firewood per unit-day, according to the
data in Table 9.1, is 1.28 kg for the first 5 households, and
0.83 kg for the sixth household. These figures are equivalent to
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ire 9.1 Relationship between firewood consumption and
number of units per household

(See data in Table 9.2)

F = average daily consumption of
firewood for cooking (kg)

Approximate
(households

relation
1 to 5)

Number of units in household (b)
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about 470 kg/capita/y and 300 kg/capita/y respectively. The

average consumption for all six households is about 430 kg/capita/y.

9.6 Estimated total consumption of firewood

It is difficult to extrapolate these measurements to cover

the whole village for a period of one year. The six households
referred to above are not entirely typical of the rest of the
village, but represent a slightly more affluent cross-section.
The average consumption of firewood over the whole village at the
time of the survey would probably have been about 400 kg/capita/y.
As already mentioned in Chapter 5, Section 4, the consumption of
rice in the village is highest between March and August and lowest
between September and February. The increase in consumption
generally begins in January when the first of the chena crops has
been harvested, and reaches a maximum shortly after the harvest
of the Maha paddy crop. At the time when the measurements of
firewood consumption were made, it was observed that three of the
households were regularly eating two rice meals per day. The
other three households all had at least one rice meal a day, usually
in the evening, and sometimes two. Only the sixth household
regularly ate kurakkan roti for both breakfast and the midday
meal. The average consumption of rice for the six households was

probably slightly above the average for the whole year, estimated
in Chapter 5, Section 4 as equivalent to about one and a half main
rice meals a day. On the other hand, as these households were

slightly more affluent than most of the village, their consumption
of rice would be above average in any case. Over the whole year,

therefore, from September 1977 to August 1978, the average consumption
of firewood for cooking in the village is unlikely to have been
very different from the figure of 400 kg/capita/y estimated above.

The quantity of paddy parboiled in the village was estimated
in Chapter 6, Section 6 to be about 80 per cent of the total, or

approximately 61 kg/capita/y. The quantity of firewood required
for parboiling was estimated in the previous section to be about
0.7 kg per kilogramme of paddy. The total requirement of firewood
for parboiling would therefore be just over 40 kg/capita/y or
about 10 per cent of the requirement for cooking.
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The quantity of wood needed for the last three operations,
namely heating water for bathing, space heating and boiling
clothes, will not be substantial, especially when averaged over

a whole year for all the households in the village. Indeed none

of these operations was actually observed by the writer on more

than one occasion.

The quantity of firewood required for boiling water was

estimated in the previous section to be about 0.2 kg per kilogramme
of water. To heat, say, 10 kg of water to a temperature
sufficient for bathing, would probably require about 1 to 1.5 kg
of wood. However, this would only be done for some of the older

people and then only on occasion.

It is difficult to estimate the firewood requirement for
space heating, but a small fire inside the house would be unlikely
to consume more than 3 kg of wood in an evening. Again this
would only be required by some of the older people on a few
nights during the year , probably just in January and February.

Clothes are normally boiled in a large earthenware pot
such as might be used for parboiling paddy. Altogether, including
the time taken to bring the water to boil, the operation will
take about one hour, or a little more. Assuming that the fire
is roughly the same size as would be required for parboiling,
it is reasonable to suggest that the average rate of burning of
the wood will be about 70 g/min, giving a total firewood
requirement of about 4 or 5 kg. However, the operation will
occur infrequently, probably less than once a month, and only in
some of the households in the village.

It is estimated that averaged over all the households in
the village the total quantity of wood required for these operations
is unlikely to exceed 100 kg/y, and will probably be somewhat
less. The average per capita requirement would therefore be
only about 10-15 kg/y. Adding this to the quantities estimated
above for cooking and parboiling, gives a total firewood requirement
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of just over 450 kg/capita/y. For the purpose of constructing
the final energy flow diagram, it is assumed that 400 kg of firewood
are used per capita per year for cooking, 43 kg for parboiling
paddy and 12 kg for minor domestic heating operations. The

average dry basis heat of combustion of wood is about 20 MJ/kg
(see Table 2.4), and, as shown in Appendix 1, the average air-dry
moisture content of the firewood used in the village is about
15% d.b. Accordingly, these quantities of firewood are

equivalent to energy flows, expressed to the nearest 10 MJ, of
6960, 750 and 210 MJ/capita/y respectively. The total quantity
of wood used, 455 kg/capita/y, is equivalent to an energy flow of
almost 8 GJ/capita/y.

For an average household of six persons in the village,
firewood consumption would be about 2.7 t/y, which is equivalent
to 52 kg/week. This is almost exactly the same as the average

consumption of 1 cwt/wk (51 kg/week) reported by Sankar and
Fernando for households in Colombo, and by Weatherley and Arnold
for households in the Mahaweli Project Area. However, there is
one very important difference between the firewood used in the
village and the firewood used in these other areas. The firewood
in the village is free. In Colombo, and in the Mahaweli Project
Area, it has to be bought. Consequently the households in these
areas will tend to be more frugal in their consumption of wood.
Measurements and observations made by the writer in Colombo and
other urban areas suggest that the average consumption is con¬

siderably below the level reported by Sankar and Fernando.
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CHAPTER 10 HOUSING

10.1 Introduction

The principal materials required in the building of the
thatched wattle and daub huts in the village are timber, mud,

cadjans and straw. The walls are made by plastering mud onto a

framework of horizontal branches erected between thick posts which
bear the weight of the roof. The roof, which is made with cadjans
and straw, is supported on rafters spaced at regular intervals
along its length. These rafters rest on wallplates, which are

usually just horizontal poles on top of the walls, and on the ridge
pole. (Tie-beams and struts are sometimes erected, depending on

the size of the roof.) On top of the rafters are tied much thinner
purlins, and the cadjans, arranged in overlapping rows parallel to
the ridge, are tied to both of these. Straw from the paddy fields
is then usually laid on top, although this practice is not universal,
either in the village or in the rice-growing areas of Sri Lanka.

The wooden structure of the walls and the roof can last for many

years, so long as it is not attacked by termites, but the cadjans
in the roof will need to be replaced regularly if the roof is to
remain reasonably water proof. Although a few cadjans are made in
the village, most are purchased from outside and consequently they
represent a fairly frequently recurring financial burden. All the
other basic materials required in building a village hut, except
those used in door and window fittings, are obtained from within
the village - the timber from the surrounding jungle, the straw
from the nearby paddy fields and the mud directly from the ground
near the hut. None of them bears any direct financial cost, although
it could be argued that the small loss of soil fertility resulting
from the removal of timber from potential chena land and straw from
the paddy fields, might lead to a reduction in crop yields. A
substantial amount of labour is required initially when a hut is
built, but maintenance - occasional patching up of the walls and

periodic replacement of the roof - takes only a short time. Generally
the villagers will help each other in these tasks and usually all
that is required in return is a meal.
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No houses were built during the writer's stay in the village
and only on one occasion, when a small toilet hut was being built,
was the writer able to observe the construction of a wattle and

daub wall. However, from measurements made in the village, and
from aerial photographs taken by the Survey Department in 1971,
it was possible to make a very rough estimate of the total volume
of timber required in building a house. The replacement of
cadjans in the roof of a hut was observed on two occasions and

measurements of the spacing and size of the cadjans were made in
several houses. Consequently, an estimate can be made of the
labour and cadjan requirements for re-roofing.

In order that these material and labour requirements may be
expressed on a comparable time basis, it is necessary first to
establish the approximate lifespan of the cadjan roof and the
wooden structure of the hut.

10.2 Average lifespan of house and. roof

There are a few huts in the village which are very old, perhaps
as much as 40 years. However, it is clear from the appearance of
some huts of a much lesser age, where the mud on the walls has
been eroded away to reveal the underlying wooden structure, that
continued repairs are necessary if a hut is to last even for a

modest 15 years. If the walls are made with hard well-seasoned
wood and maintained in a good condition, and if the roof is periodi¬
cally replaced, a hut should remain habitable for at least 20 to
25 years. However, it is worth mentioning that according to a

report on rural housing in Tanzania (1), wattle and daub walls
generally last for only 4 to 8 years, even with continuous
repairs; this is evidently because of rapid deterioration of the
timber due to termites and other insects and washing away of the
the mud during the rains. It appears from the report, however,
that the walls are generally thinner (maybe 10-20 cm) than in the
village, and it is possible that the climatic conditions in the
village are not so severe and that the houses are more sheltered.

The houses in the village are often extended or adapted to suit
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the changing needs of the households living in them; consequently
some houses will comprise various sections of different ages.

On average, the time elapsing between the erection of a house,
or part of a house, and its final abandonment as a place of
living, is estimated to be about 25 years, although the movement
of families to (and also from) the village over the past 20 years

makes it difficult to be precise.

According to the villagers, a cadjan roof not covered with
straw will last for little more than a year, and this is confirmed

by Raghavan (2). Varma (3) points out that although this is
normally so, in the Kerala State in south India, the cadjans
are usually stacked in two layers, with those from the inner
layer one year being used in the outer layer the following year,

so that, in fact, each cadjan lasts for two years. However, the
separation of the cadjans is not mentioned; if, in each of the
two layers, there is the same number of cadjans per unit area as

in the single layer of a roof in the village, then the number of
cadjans needing to be replaced each year for a given area will
be the same in both cases.

It is generally agreed that if the cadjans in a roof are

covered with a layer of straw then they do not require such
frequent replacement. According to Varma, this is also true in
the northern districts of Kerala where the cadjans are covered with
thatch grass. Estimates by the villagers of how long cadjans
do last when protected in this manner, vary from 2 to 4 years,

depending on how much straw is used and on whether it is replaced
before the cadjans are. As not all of the houses in the village
have straw on the roof, it is assumed that, on average, the
cadjans in village huts will need to be replaced every 2.5 years.

In addition to their main dwelling place or house, practically
every household in the village also had at least one chena hut,
in which a member of the household would stay during the night to

guard the chena against animal (or human) intrusion. Normally
this would only be necessary for about two months, between December
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and February, when the chillies were ripening, but the chena
hut would also be used as a shelter at other times. The huts

are all temporary structures of a very simple design, with a sloping
cadjan roof and often without any walls at all. Some of the

larger households have two, or even three, chena huts, depending
on the number and location of the chenas, but on the other hand,
some households have none. The average number of chena huts per

houehold is probably a little more than one, but since a few of
the chenas are cultivated two years in succession, thus obviating
the need to erect a new hut, it is reasonable to assume that, on

average, one chena hut is erected per household per year. As
they are only temporary structures, and it is not particularly
important that they remain waterproof, the huts are rarely covered
with straw.

10.3 Average s-ize of houses

The estimated floor areas of three of the houses in the village
have already been given in Chapter 4, Table 4.2. The total floor
area over the three houses is 135 m2, giving an average, over the
18 persons living in these houses, of 7.5 m2/person; this is
equivalent to a floor area of 45 m2 per household of six. The
total roof-covered area of the three houses is 235 m2, giving an

£
average of 13 m2/person or about 80 m2 per houehold of six.

K

No direct measurements were made on any other houses in the

village but it was found that photographs obtained in an aerial
survey of this part of the island, which was carried out in June 1971,
were sufficiently clear to permit measurements on individual houses
to be made. These photographs are reproduced by the Survey
Department to a scale of 1:10,000 (1 cm = 100 m), each photograph
covering a square area of approximately 500 ha (side 2.3 km). On
the photograph which covers the village of Nikinigama and the
surrounding area, it is possible to distinguish 24 thatched huts
belonging to the village other than chena huts. Just over half of
these can be identified from the writer's knowledge of the village
as belonging to specific families. There are also a few huts,



401

partly obscured by trees or shadow, which cannot be measured.
Of the 24 huts which are clearly visible, one is known to have
been used for non-domestic purposes, namely housing a bullock cart.
It is estimated, partly because some of the huts could be identified
and partly from their relative locations, that the remaining 23 are

occupied by a total of 20 households, three of them having two huts
each and the remainder one hut each. Twenty-one of the huts are

rectangular in shape and the other two can be divided into rectangular
sections. Approximate measurements of the dimensions of each hut
were obtained from the photograph by using a small measuring micro¬
scope fitted with a graticule marked in tenths of a millimetre;
the results are given in Table 10.1.

In order to estimate the floor areas of these houses, it is

necessary to know the thickness and length of the walls and the
projected area of the roof overhang beyond the outer walls. Wattle
and daub walls vary in thickness between about 15 and 30 cm, depending
on whether the wall bears any stress or not; the average thickness
is probably about 20 cm. The extent of the roof overhang also
varies considerably, not only between different houses, but also
over different sections of the roof of any particular hut.
Measurements made in the village and elsewhere ranged from 40 to
100 cm with an average of about 70 cm. No obvious correlation was

observed between the size of a hut and the extent of the overhang.

The area enclosed within the outer walls of a hut, that is the

floor and inner wall area, is obviously equal to the roof-covered
area minus the area covered by the outer walls and the roof over¬

hang. If the dimensions of the roof-covered area of a rectangular
hut are a x b, then this enclosed area is simply,

I = (a-1.8) (fc-1.8) (m2),

assuming the average wall thickness and roof overhang indicated above.
This can also be written,

r=fl-0.9P + 3.24 (m2),o
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Table 10.1 Dimensions of thatched houses in Nikinigama as measured on

aerial photograph

House
number

Dimensions:
a x b

(a < b)

Roof-
covered
area:

R

Outer
perimeter:

P0

Estimated
inner
area:

1

Estimated
inner
side
ratio:

a

Outer
side
ratio:

6

m m2 m m2

la 5 x

7 x

4 x

10 )

«j
4 )

150 )
)
1

197

64 96 )
\
)

)
121

- -

lb 5.5 x 8.5 47 ) 28 25 ) 1.8 1.5

2 4 x 7.5 30 23 13 2.6 1.9

3 5 x 5.5 28 21 12 1.2 1.1

4 5.5 x 17 94 45 56 4.1 3.1

5 6 x 8.5 51 29 28 1.6 1.4

6a

6b

7.5

6 x

x 9

8

68 )
48 )

116
33

28

41 1

26 J
67

1.3

1.5

1.2

1.3

7 5.5 x 7 39 25 19 1.4 1.3

8a

8b

7.5

4.5

x 15.5

x 6

116 1

27 J
143

46

21 n! 89
2.4

1.6

2.1

1.3

9 6 x 13 78 38 47 2.7 2.2

10 5 x 7.5 38 25 18 1.8 1.5

11 3 x 11 88 38 57 1.5 1.4

12 6 x 8 48 23 26 1.5 1.3

13 8.5 x 9 77 35 48 1.1 1.1

14 5 x

4 x n 86 46 48 - -

15 4.5 x 8 36 25 17 2.3 1.8

16 6 x 8.5 51 29 28 1.6 1.4

17 4.5 x 6 27 21 11 1.6 1.3

18 5.5 x 14 77 39 45 3.3 2.5

19 6 x 11 66 34 39 2.2 1.8

20 5.5 x 8.5 47 28 25 1.8 1.5

Totals (23 huts) 1417 749 814

Averages over:

20 households 71 37 41 - -

23 huts 62 33 35 - -

21 rectangular huts 56 30 32 1.9 1.6

Calculations: (See Appendix 20)

Rectangular huts
R - a b

P0 = 2(a+b)
I = R - 0.9 PQ + 3.24 (A20.2)

Non-rectangular huts (nos. la and 14)
R = £ a b

PQ and I depend on the relative
configuration of the component
rectangular sections and were

calculated independently (see
Appendix 20, Figure A20.3).
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where R is the roof-covered area, a b, and Pis the perimeter
of this area, 2(a+b). (see Appendix 20).

Table 10.1 gives the calculated values of R, p and I for3
o

each hut. The relationship between R and I for the 23 huts
measured appears to be almost linear, as shown in Figure 10.1,
and the reason for this is discussed in Appendix 20. The line
of regression of R on J is approximately

P(m2) =1.41+12, (10.1)

and the correlation coefficient is 0.997.

Because some households occupy more than one hut, the

relationship between the total inner area (I*) and the total
roof-covered area (i?*) of a household, will differ slightly
from the above relation. Consider, for example, a household
occupying two huts with inner areas Iand i^, and roof-covered
areas Rand R^. Assuming that Equation 10.1 holds separately
for each hut,

R2 = 1.4 I2 + 12 (m2)
and R2 = 1.4 J2 + 12 (m2)
hence rj+R2 = 1,4 (Ii+I2"> + 24

so that the total roof-covered area (p +r ) is 12 m2 greater thanJ. 2
that predicted by Equation 10.1 for an inner area j +j . However,

1 6

only 3 of the 20 households in Table 10.1 occupy more than one hut,
so it is not surprising to find that the relationship between
j* and r* for these households is also approximately linear. It
may be shown that the line of regression of p* and j* is approximately

/?*(m2) = 1.5 r* + 9, (10.2)

with a correlation coefficient of 0.998.
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Figure 10.1
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The average value of I* over the 20 households is 41 m2.
The average floor area will be slightly less than this since I*
includes the area covered by the inner walls. However, the

length of the inner walls in a house of this average size is

unlikely to exceed 15 m, which, assuming that the walls are

about 20 cm thick, is equivalent to an area of only 3 m2.
Furthermore, as already mentioned, a number of houses in the village
have unwalled, or partially unwalled, kitchens and verandahs;

consequently the floor area in these houses, measured to include
the area where outer walls would otherwise have been built, (but
exclude the area of roof overhang beyond where these walls would
be), will be slightly greater than that assumed in the above
approximations. The average length of unwalled inner perimeter,
over all the houses in the village, is probably about 4 m.

Assuming that the average length of the inner walls is about 12 m,

then the average floor area will be only 1.6 m2 less than the
average inner area.

The number of people living in the huts measured on the aerial
photograph is not known. However, if it is assumed that the average

household size was the same in 1971 as it was in 1978 (5.8 persons),
then the average floor area per 6 person household would be just
over 40 m2. This is slightly less than the average of 45 m2 for
the three village houses described earlier. According to the
results of the 1971 census (4), the average floor area per housing
unit in the rural sector (excluding the estates) was 461 ft2 (42.8 m2)
and the average occupancy 5.6 persons. This implies an average

floor area per 6 person household of about 46 m2. In view of the
lack of data on the occupancy of the houses in the aerial photograph
it was decided to assume an average floor area in the village of
45 m2 per six person household. The inner area J* corresponding
to this floor area will be about 47 m2, which implies, by equation
10.2, a total roof-covered area of 80 m2. This is equal to the
average for the three village houses described earlier and is
therefore taken as a reasonable estimate for the whole village.
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10.4 Dimensions of representative village house

The average quantity of timber and cadjans required for

housing in the village may be estimated by calculating the
requirements for a representative village house, which has the
same floor area and roof-covered area as estimated above for an

average household of six. Most of the houses in the village
are rectangular and it is simplest to assume that the representative
house is also of this shape. The horizontal dimensions of the
house may be estimated by comparing the average inner area of the
measured houses with their average inner perimeter according to

Equation A20.4 (see Appendix 20). The vertical dimensions of
the village houses do not vary much, and in any case do not depend
on the size of the household. The estimated dimensions of the

representative house are summarised in Table 10.2, and the manner

in which they have been derived is explained below.

Roof, floor and inner area

The average floor area, inner area (J*) and roof-covered area

(R*) per six-person household have been estimated above. The
area of the roof will depend on its slope, or angle of inclination,
0. The slope of sections of the roof in three village huts was

estimated by measurement of the principal dimensions; this gave

values of tan 0 ranging from 0.56 to 0.68. Similar measurements
on other cadjan roofs outside the village gave a wider range for
tan 0 of 0.50 to 0.76, which is equivalent to a range of 27° to
37° for 0, or 0.79 to 0.89 for cos 0. The average value of 0 may

be taken as 32°, giving tan 0 = 0.62 and cos 0 = 0.85. Hence the
area of the roof of the representative house may be taken as 80/cos 32°,
or about 94 cm2.

Length and height of walls

Assuming, as before, that the walls are 20 cm thick and the
roof overhang is 70 cm, the inner perimeter of a rectangular hut,
or a hut which can be divided into rectangular sections, is 7.2 m

less than the outer perimter (see Appendix XO). The inner perimeter
per household (P^*) can be estimated for each of the 20 houses



Table 10.2 Estimated dimensions of representative village
house for six persons

Floor area 45 m

Inner area 47 m

Roof-covered area (on ground) 80 m

Angle of inclination of roof 32°
Roof area (in plane of roof) 94 m

Inner perimeter 33 m

Walls - total length 42 m

height 2 m

thickness 0.2 m

volume 17 m3

Estimated dimensions for single rectangular hut
equivalent value of a 3.5
inner dimensions (x by y) 3.7 x 12.8 m

outer dimensions (a by b) 5.5 x 14.6 m
mid-wall dimensions 3.9 x 13.0 m



observed on the aerial photograph from the data given in Table 10.1.

(For households living in two huts, the total inner perimeter of
the house is equal to the sum of the inner perimeters of each hut,
or 14.4 m less than the sum of the outer perimeters.) The
relationship between p^.* and I* for the 20 houses is approximately
linear, with a correlation coefficient of 0.98; the line of

regression of P_.* on J* is,

P.* = 0.55 I* + 6.8 (m).

The mean value of P.* is 29 m and the mean value of J* is 41 m2.

However, for the average inner area of 47 m2 estimated above for
a household of six, this equation gives an inner perimeter of 33 m.

Since the walls are 20 cm thick, the length of the outer walls
will be slightly greater than the inner perimeter, which is measured
along the inner boundary of these walls. However, the difference
is small; for a rectangular hut (or a hut which can be divided into
rectangular sections) it is only 4 x 2 x 0.1 = 0.8 m, although the
difference per house will be slightly greater than this since some

houses consist of more than one hut. As mentioned in Section 3,
not all of the inner perimeter is walled; the average length of
unwalled inner perimeter per house is about 4 m. The length of
the inner walls will average about 12 m, and hence the total wall

length per six person household will be about

33+1 - 4 + 12 = 42 m.

Most walls extend to about 2 m above ground level, but if a

hut, or part of a hut, is raised on a mud platform, the height
of the walls above ground level will be about 2.3 m. If a hut
is gable-ended the end walls will reach a height at the apex of
about 3-3.5 m. On the other hand, verandah walls are often only
about 1 m high and extensions to a hut beyond the original walls,
where a section of the main roof has been extended at the same angle
will also have shorter walls. On average, over their entire length
the walls are probably about 2 m high. With a thickness of 0.2 m,



the walls in the representative house will therefore have a

volume of about 17m3.

Estimated dimensions for single rectangular hut

As shown in Appendix 20, the inner perimeter of a rectangular
hut (P^) is related to the inner area (I) according to the equation

Since the average inner area per six person household is 47 m2
and the average inner perimeter is 33 m, this gives,

2/47 /£

which is a quadratic equation in /a. The solution for a > 1 is
a = 3.51, and hence the sides of the rectangle are

In other words the inner dimensions of the representative house, if
assumed to consist of a single rectangular hut, are

x = 3.7 m

O+g)
P, = 2 r- /r (A20.4)

33
_ (1+g)

and y = 12.8 m

The outer dimensions are then

a = ;r + 1.8 = 5.5m

and b = y + 1.8= 14.6m

which gives a roof-covered area (a b) of 80 m2, as required. The
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mid-wall dimensions, that is the dimensions of the hut measured

along the middle of the outer walls, are 0.2 m greater than
x and y, or 3.9 m x 13 m. A perspective view of the hut, and
a vertical cross-section, showing the position and dimensions of
the roof, is given in Figure 10.2. It should be noted that

although such a hut may be considered representative in size for
a six person household, it is not typical of rectangular huts in
its dimensions; only one of the huts measured on the aerial photo¬
graph had a > 3.5 (see Table 10.1). However, the construction of
this representative hut is useful in that it permits a relatively
straightforward calculation of the average timber and cadjan
requirements.

10.5 Timber requirement

The timber required in the building of a thatched wattle and
daub hut is nearly all in the form of logs and straight branches,
which vary in thickness according to their structural function.
Although the spacing and thickness of particular wooden members
can differ considerably between one hut and another, it may be
observed that in general, the thicker a member is, the wider will
be the spacing between members. Hence the actual volume of wood
required may not vary as much in total as may first appear. Average
spacings and diameters were estimated from observations made on a

number of huts in the village, where the mud on the outside of the
walls had eroded away. The calculation of the total timber

requirement for the representative hut shown in Figure 10.2 is
summarised in Table 10.3.

The wooden structure of the walls in a village hut is rather
more substantial than the term "wattle" suggests. Thick posts are

driven vertically into the ground at close intervals along the
length of the wall, and long thin branches are then tied on both
sides of these, in horizontal rows stretching from the ground to
the top of the wall. As the walls average about 2 m high, the
length of each post will be about 2.3 m. A spacing of four posts

per metre of wall length is assumed; since it has been estimated
that there are 42 m of wall in the hut (see Table 10.2), this implies
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Figure 10.2 Plan of representative rectangular hut for
six persons
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Table 10.3 Timber requirement for representative hut *

Member Spacing Number Individual Total Diameter Volume
length length

cm m m cm mJ

Walls

Upright posts

Cross-spars

Roof

Rafters

Purl ins

Ridgepole
Wallplates
Beams

Struts

1.09

Total:

3.44

25 168 2.3 386 8 1.94

20 20 42 840 2.5 0.41

60 50 3.2 160 5 0.31

20 32 14.6 467 2.5 0.23
- 1 14.6 14.6 12 0.17
- - - 35 10 0.27

- 2 3.9 7.8 12 0.09

- 2 1.1 2.2 12 0.02

See plan in Figure 10.2 and dimensions in Table 10.2.
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that a total of 168 posts will be required. The average spacing
of the cross-spars is taken to be 20 cm so that there will be a

total of 10 rows on each side of the posts, or 20 rows overall.
Each row is 42 m long.

Although gable-ended huts are common in the village, many

huts have hipped roofs. However the calculation of the timber
and cadjan requirements is more easily made for a gabled roof
and in any case, for a given roof area, the difference in requirements
between the two types of roof is unlikely to be large. Consequently
it is assumed that the representative hut is gable-ended, as shown
in Figure 10.2. The spacing of the rafters in a roof averages about
60 cm, and since the roof of the representative hut is 14.6 m long,
there will be about 25 rafters on either side of the ridge, or 50 in
all. The purlins, which are tied on top of the rafters, parallel
to the ridge, are thinner and more closely spaced. An average

spacing of 20 cm is assumed, although a range of 10 to 30 cm was

observed for purlins of increasing thickness. Over the sloping
width of 3.2 m on each side of the ridge, there will therefore be
16 purlins.

The requirement of timber for the rafters and purlins is, in
fact, dependent on the area of the roof, and not on its linear
dimensions. Thus the volume of wood necessary to cover a roof
of area A (m2) with rafters of cross-sectional area c (m2) and
spacing s (m) is — (m3). For the spacings above and the diameterss

given in Table 10.3, it can be shown that the volume of the rafters
and purlins is 5.7 litres per m2 of roof area.

The rafters are supported on the ridge pole and the wallplates.
The former usually extends the full length of the roof and is one

of the thickest members in the wooden structure; the latter lie on

top of both side walls and also along the sloping tops of the gables,
but are usually thinner than the ridge pole. Tie-beams are commonly
erected at one or two points along the length of the roof and these
support the ridge pole through a vertical strut. The beams are

commonly of rectangular rather than circular cross-section and a
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roughly equivalent circular diameter is shown in Table 10.3.

The total volume of timber required to make the hut is
about 3.4 m3, of which two-thirds is used in the wall structure.

Assuming an average density for air-dry wood of 700 kg/m3, the
total weight of timber will be about 2.4 tonnes. If, as

estimated in Section 2, the hut lasts for 25 years, the annual

requirement of timber for housing will be 95 kg per household
of six persons, or 16 kg per capita.

10.6 Cadjan requirement and cost

The cadjans used to thatch a roof are tied to the underlying
rafters and purlins in overlapping rows, parallel to the ridge.
The number of cadjans required to thatch a roof of a given area

depends on their size and spacing. It is important to note that
in the village one cadjan actually consists of the two plaited
halves from one coconut leaf tied together, whereas in other parts
of the island, notably in Tamil villages to the north, one cadjan
is counted as only one half of a leaf. The difference in
convention appears to be due to the different ways in which the
plaited leaves are used in thatching. In the former case, the

plaited half-leaves are used together in pairs, whereas in the
latter case the half-leaves are laid down separately. In fact,
the number of half-leaves used to cover a given area is the same

in both cases, since the spacing between rows in the latter case

is roughly half that found in the former. It is assumed in the
present work, as in the village, that one cadjan consists of the
two plaited halves made from one coconut leaf.

Individual cadjans vary in length between about 1.7 and
2.2 m, with an average of about 2 m. The edges of a cadjan,
where the plaiting ends,are often uneven, but the plaited width
is usually about 0.4 m, giving an average area of 0.8 m2 per cadjan.
The actual area exposed will be much less than this because of

overlapping.

The way in which the cadjans are arranged on the roof is shown
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in Figure 10.3. Individual cadjans are laid lengthwise along
the rows, each cadjan overlapping the next one in the row by about
0.4 m. (The extent of overlapping is difficult to measure directly
since the overlapped length is often totally obscured, but the

exposed length per overlapped cadjan averages about 1.6 m.) Clearly
the first cadjan in a row will not be overlapped, so that if the
length of each row of cadjans, and hence the length of the roof, is
b metres, the number of cadjans in each row will be

rounded to the nearest integer. For the representative hut shown
in Figure 10.2, b = 14.6 m, and hence there will be 9 cadjans in
each row.

The overlapping between the rows of cadjans in the roof is
most clearly visible from beneath, where the distance between the
rachis ends of cadjans in successive rows can easily be measured.
The average exposed width per row was measured over sections
of 10 to 20 rows in several village huts and found to range from
14 to 16 cm. A figure of 15 cm is assumed here. Again, the
first row of cadjans on each side of the ridge will not be over¬

lapped, so that if the width of each side of the roof is w metres
the number of rows of cadjans per side will be,

♦ (T&> - •

rounded to the nearest integer. For the hut shown in Figure 10.2,
w = 3.2 m, which implies 20 rows of cadjans per side, or 40 rows

in all.

t
5

+
For a roof-covered area of dimensions a x b, w - 2CqSq , where
6 is the angle of inclination of the roof.



Figure 10.3 Arrangement of cadjans in thatched roof
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In total, therefore, 360 cadjans are required to cover the
roof of the representative hut shown in Figure 10.2. Since the
area of the roof is 94 m2, this is equivalent to 3.8 cadjans

per m2 of roof area, or 0.26 m2 per cadjan. The actual area of
one cadjan being about 0.8 m2, it may be inferred that the oadjans
in the roof are on average about three deep. Since each cadjan
comprises the two plaited halves of one coconut leaf laid on

top of one another, this is equivalent to six layers of plaited
leaflets.

In general, the cadjan requirements for roofing a hut are not

directly proportional to the area of the roof but depend on the
length of its sides. The average number of cadjans per m2 of
roof area is lower for small huts because of the boundary effects,
and for a given rectangular roof-covered area, the total cadjan
requirement decreases as the perimeter, or the ratio of the sides,
increases. However, the effect of variations in the ratio of the
sides is small, and it can be shown, from the foregoing analysis,
that the total number of cadjans (N) required to cover a gabled
roof (with an angle of inclination of 32°) is approximately
related to the roof-covered area (R) according to the equation,

N = 4.5 R - 10. (A21.2)

The derivation of this equation is given in Appendix 21 and the
actual cadjan requirements estimated for four huts are compared
with the values predicted according to the equation. For
R = 80 m2, the above equation gives N = 350, which is slightly
less than the cadjan requirement derived above. The reason for
the difference is that the values of N and N derived above for

e r

the equivalent average hut have been rounded to the nearest integer,
which is clearly possible only when the actual dimensions of the
roof-covered area are known. Except possibly in the case of very

small huts, the error involved through not rounding N and will
be small, especially when compared with other sources of error such
as variations in the size and spacing of the cadjans and in the
angle and shape of the roof. Considering all the assumptions made



in deriving the above equation it is unlikely to be accurate

to more than + 10%.

If the average requirement of cadjans for roofing is about
360 per household of six and if it is assumed, as estimated in
Section 2 of this chapter, that each cadjan is replaced on average

every two and a half years, then the annual requirement of cadjans
will be about 140 per household or 24 per capita. Practically
all of these cadjans are bought outside the village, at an

average cost of 50 c each (see Chapter 8, Section 2), so that the
annual expenditure on cadjans for housing is approximately Rs 70
per household or Rs 12 per capita.

10.7 Labour requirement for re-roofing

The thatching of a roof with cadjans was observed by the
writer on two occasions. On the first of these, in September 1977
a small two-roomed hut was being built by workers on an estate
about 20 km from Nikinigama. Five men sat along the length of
the roof and tied the cadjans in rows of six to the rafters and

purlins, whilst a sixth man remained on the ground to pass up the
cadjans when required. Altogether the six men took about an hour
to thatch one side of the roof with 18 rows of cadjans. This

equivalent to a working rate of 18 cadjans per man-hour or 5.6
man-hours per 100 cadjans.

On the second occasion, in March 1978, part of the roof of
a hut in Nikinigama was being rethatched after the first rains of
the Yala season had revealed several holes. The owner and his

three eldest sons were helped by 3 other villagers to remove the
old straw and cadjans from the roof and replace them with 260 new

cadjans. Altogether the work took six hours but the men did not
all work continuously throughout this period, and it is estimated
that about 30 man-hours of actual work were done. This gives an

average working rate of almost 9 cadjans per hour or 11.5 man-hours
per 100 cadjans, which is compatible with the rates above, and
suggests that removing the old cadjans took about as long as laying
down the new ones. In addition to the work carried out by the men
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the mother and eldest daughter also spent about two hours cleaning

up the debris inside the house; this is equivalent to a further
1.5 hours of work per 100 cadjans.

Assuming then that the total labour requirement for rethatching
is about 13 man-hours of work per 100 cadjans, the complete re-

thatching of a roof of 360 cadjans, for an average house of six
persons, will require 45-50 man-hours. If the roof lasts about
2.5 years, this will be equivalent to about 20 man-hours per year,

or 3 man-hours per capita per year. The work involved is mainly
sedentary; assuming an average energy expenditure of 200 W, for
both the men and the women, the human energy input, calculated
according to Equations 5.7 and 5.8, is only about 1 MJ/capita/y.
This is negligible compared with the total energy input in work
of about 570 MJ/capita/y (see Figure 5.4).

10.8 Timber and cadjan requirements for other buildings

Apart from the huts in which the villagers live, there is
also a number of smaller structures which are used for a variety
of purposes. The chena huts, and the bissas in which grain is
often stored, have already been mentioned. In addition, a few
of the households in the village have a small open-sided hut
for housing a bullock cart or for drying tobacco.

The chena huts are very small, with a roof-covered area of

maybe 6 to 12 m2. Most have no walls at all, and consist simply
of a sloping cadjan roof supported on six or eight posts driven
into the ground, but there are a few which have cadjan walls.
There are also one or two chena huts erected in trees in order to

afford a better view of the chena when guarding it against intrusion.

The timber requirements for one chena hut belonging to a

villager were estimated to be about 0.12 m3, and comprised eight
support posts (0.03 m3), rafters and purlins (0.05 m3), and a

single framework bed on short stilts (0.01 m3). (The bed is
included in the calculation since it is made with wood from the

same source as the rest of the hut; household furniture, on the
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other hand, is generally bought from outside.) The hut was

slightly larger than average, having a roof-covered area of about
11 m2. The average timber requirement for a chena hut is
therefore estimated to be about 0.10 m3. The above hut also

had a total of 36 cadjans in the roof, but there were no walls.
For R = 9 m2, Equation A21.2 gives N = 31, so the average

requirement, considering that a few huts also have cadjan walls,
is about 35 cadjans.

The timber requirements for a cart or tobacco hut are greater,
since these are more substantial structures designed to last for
a longer period than the chena huts. Based on the timber require¬
ments for housing, it is estimated that about 0.5 m3 of timber will
be required to erect an average four-post hut with a roof-covered
area of 25 m2. The cadjan requirement, based on the approximate
relation described above, will be about a hundred cadjans.

However, only some of the households in the village have these
and other separate structures in addition to the house, so it
is estimated that the average requirements per household of six
will be about 0.2 m3 of timber and 40 cadjans. The timber in
these additional structures, which are mostly open, will probably
last for about 20 years and the cadjans, like those on a house,
for about two or three years. Hence the per annum requirements
will be about 0.01 m3 of timber and 15 cadjans per household.

10.9 Summary and flow diagrams

The total estimated requirements of timber and cadjans
for building in the village are given in Table 10.4. Expressed
per capita per year they are equivalent to 29 kg of timber and
33 cadjans. The air-dry weight of a cadjan in the village has
been estimated to be about 0.9 kg (see Chapter 8, Section 2),
so that the timber and cadjan requirements for building in the
village are practically the same by weight. Assuming, as before,
an air-dry moisture content of 15% (d.b.), and a dry basis heat of
combustion of 20 MJ/kg, the timber requirement is equivalent to
an energy flow of about 500 MJ/capita/y, or 16 W/capita. The
energy content of the cadjans has already been calculated, on the



Table 10,4 Estimated timber and cadjan requirements for building in village

Units House
Chena
hut

Other
structures Total

Timber requirement per

household of six:

Volume m3 3.4 0.10 0.20 -

Weight * kg 2400 70 140 -

Lifespan of structure y 25 1 20 -

Average requirement: +
per household m3/y 0.14 0.10 0.01 0.25

kg/y 95 70 7.0 170

per capita kg/y 16 12 1.2 29

Percentage of total % 55 41 4.1 100

Cadjan requirement per

household of six no. 360 35 40 -

Cost +t Rs 180 18 20 -

Lifespan of thatching y 2.5 1 2.5 -

Average requirement: T
per household no/y 140 35 16 200

Rs/y 72 18 8 98

per capita no/y 24 5.8 2.7 33

Rs/y 12 2.9 1.3 16

Percentage of total % 74 18 8.2 100

* Average density of air-dry wood = 700 kg/m3.

+ Calculated from total requirements and rounded to 2 significant figures.

Average cost of cadjan = Rs 0.50 (see Chapter 8, Section 2).
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same basis, to be about 520 MJ/capita/y (see Figure 8.3).

Of the total timber requirement only about half is used in
the permanent dwelling places of the villagers. Over 40 per

cent is used in building the chena huts, which are only temporary
structures. The chena huts also account for almost a fifth of

the cadjan requirements although this is equivalent to an average

cost of only about Rs 3/capita/y.

The total weight of timber in an average house for six people
has been estimated at about 2.4 t (air-dry weight). This is
equivalent to 0.4 t or about 7 GJ of wood energy per capita, which
is roughly the same as the annual firewood consumption in the
village. Assuming, as above, that the average number of chena
huts per household is a little more than one (see Section 2),
the total weight of timber used in these huts at any one time will
amount to about 100 kg per household. Adding this, and the weight
of timber used in other structures (140 kg/household), to the
figure for housing, gives a total weight of timber in all the
buildings used in the village of 2.64 t per household. This is
10 per cent more than the weight of wood used in housing alone and
is equivalent to an energy storage of 7.7 GJ/capita.

The weight and the energy content of the cadjans used in the
village is much less. With slightly more than one chena hut per

household, the total number of cadjans used in various structures

at any one time will amount to about 450 per household of six, or

75 per capita. This is equivalent to an energy storage of about
1.2 GJ/capita.

The quantities of rice straw used for thatching in the village
are difficult to estimate. No measurements were made, and it can

only be guessed that, on those houses and other structures where it
was used, the weight of straw was roughly the same as the weight of
cadjans. Straw is rarely used on the chena huts but it is used
on about 70 per cent of the houses and other structures in the
village. Using the average numbers of cadjans given in Table 10.4,
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and assuming an air-dry weight per cadjan of 0.9 kg, the weight
of straw used for roofing at any one time will amount to about

(360 + 40) x 0.9 x0.7xj
= 42 kg/capita (air-dry weight).

The heat of combustion of air-dry rice straw is about 14 MJ/kg
(see Table 2.4), so that this is equivalent to an energy storage
of almost 0.6 GJ/capita. It has already been pointed out that
the use of straw increases the lifespan of a cadjan roof to
between 2 and 4 years (see Section 2). Assuming an average

replacement time of three years, the weight of straw required
per year will be about 14 kg/capita, equivalent to an energy flow
of about 200 MJ/capita/y.

The average requirements of building materials estimated above
for the various structures in the village are summarised in
Figure 10.4. The corresponding flows of energy, and quantities of
energy stored, are given in Figure 10.5. As pointed out in

Chapter 4, Section 6, although all of these building materials are

combustible, they are not regarded as practical sources of fuel
when they are of no further use as building materials. Abandoned
houses and chena huts are just left to be covered up by the jungle.
Similarly, when a roof is replaced, the old cadjans and straw are

generally thrown away, since other and better sources of fuel are

readily available. Nevertheless since all of these materials are

derived from potential fuels it is of interest to measure the
quantities of energy stored in them.

The use of non-traditional building materials, such as brick,
metal and tiles, is small in the village, and has not been discussed
here. All of these materials have to be bought outside and none

of them are combustible. Wooden fittings such as doors, window
frames and shutters, which have to be made by a carpenter, are

also obtained from outside the village. However, the quantities
of wood involved are small, perhaps 100 kg per household on average.
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Figure 10.4 Building material flow diagrams

Key: As in Figure 4.3.
Source: See text and Table 10.4.

Note: Storage quantities in parentheses within boxes.



425

Figure 10.5 Building material energy flow diagrams

Key: As in Figure 4.3.
Units: Flows: MJ/capita/y (to nearest 10 MJ)

Storage (in parentheses): MJ/capita (to nearest 10 MJ)
Source: Calculated directly from Figure 10.4.

Assumptions: Timber: m = 15% d.b.; Eo = 20 MJ/kg (see Table 2.4)
Cadjans: 1 cadjan = 0.9 kg (air-dry weight); m and

e0 as for timber (see Appendix 17)
Rice straw: m = 15% d.b.; e0 - 16 MJ/kg (see Table 2.4).
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This is equivalent to an energy storage of only 290 MJ per

capita. The imported timber items will also last for a long
time, probably at least 25 years, so that the annual energy

flow would be no more than about 10 MJ/capita.

A summarised energy flow diagram for all the building
materials used in the village is shown in Figure 10.6. All
of the data are, of course, only approximate. The total
quantity of energy stored in all the buildings in the village
amounts to about 10 GJ/capita, and the energy flow associated
with the replacement of building materials to about 1.2 GJ/capita/y.
On average, therefore, the building materials in the village are

replaced every eight years, although, as already seen, the
replacement period varies between 1 and 25 years for individual
materials.

References

1) Edvardsen and Hegdal, (1972), p.67.
2) Raghavan, (1962), p.31.
3) Varma, (1957), p.32.
4) DCS, (1975b), p.30, Table 26.
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Figure 10.6 Summarised building material energy flow diagram

Key: As in Figure 4.3.
Units: Flows: MJ/capita/y (to nearest 10 MJ).

Storage (in parentheses): MJ/capita (to nearest 10 MJ)
Source: Derived from data given in text and in Figure 10.4, using

assumptions given in Figure 10.5.
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CHAPTER 11 KEROSENE CONSUMPTION

11.1 Introduction

The majority of the households in Sri Lanka still use

kerosene for lighting, although electricity is becoming increasingly
common in the urban areas. According to the results of the 1969-70
Socio-Economic Survey (1), 91 per cent of the households in the
island used kerosene for lighting, and of the 9 per cent with
electric lighting, over 70 per cent were in the urban sector. In
the rural sector less than 3 per cent of the households had
electricity. A similar pattern of energy consumption was observed
in the 1973 Consumer Finance Survey (2).

There is no electricity supply in Nikinigama at present;

although work was started not long ago to bring electricity to

Anderegoda, the small marketing village about 7 km from the village,
it is unlikely to reach Nikinigama in the near future as most of
the villagers would be unable to pay for the necessary connections
to be made. Hence, as in most villages in Sri Lanka, all lighting
in Nikinigama is provided by kerosene lamps and electric torches.
The latter are used only occasionally, however, and in any case the

light provided by them is often no better than that provided by a

kerosene lamp since the torch batteries do not generally last long.
Batteries are quite often unavailable, or else available only at

high prices, beyond the means of the villagers.

Every family in the village has at least one or two kerosene
lamps; most have three or more, and some have as many as six,
although these may not be lit every night. As the village is only
8° north of the equator, there is not much variation in the times
of sunrise and sunset throughout the year; it grows light at
about six in the morning and grows dark at about six in the evening.
The villagers retire to sleep at about nine and rise in the morning
between five and six. The kerosene lamps are filled up and lit at

dusk, and in each household at least one lamp, usually a small open

wick lamp, is kept on all night. (This practice appears to be



quite common

universal.)
retires.

in certain areas of the island, although it is not
The other lamps are kept on only until the family

All the kerosene sold in Sri Lanka is produced from imported
oil by the Ceylon Petroleum Corporation (CPC). Unlike the
other petroleum-based fuels which are sold, kerosene is heavily
subsidised. The government controlled price varies throughout
the island according to the distance from the refinery near

Colombo. At the time of the present study, the price in Colombo
was Rs 3.48 per gallon (Rs 0.11/I), and this rose to a maximum of
Rs 3.78 (Rs 0.83/7) in the outlying areas. The official price in
Anuradhapura was Rs 3.60/gal (Rs 0.79/Z.), and the fuel could also
be obtained at this price in Anderegoda. The price charged in
the small village shops is generally higher than the official price,
and, like the prices of most commodities in Sri Lanka, is highly
sensitive to any local or even island-wide scarcity that may develop
As the gallon is rather a large measure, kerosene is most often
sold by the bottle, equal to one sixth of a gallon, or about 0.76 7;
the price of a bottle of kerosene in the village shops was 80 c,

compared with 60 c in Anderegoda or Anuradhapura. Some of the
villagers bought their kerosene in Anderegoda; others bought it
either in Nikinigama itself, or else in the nearby village of
Korapotana. The average price paid by the villagers was about
70 c/bottle or Rs 4.20/gallon (Rs 0.92/7).

As shown in Chapter 2 (see p.93 and Table 2.4), the average

heat of combustion of kerosene is about 46 MJ/kg and the average

specific gravity (@ 15.5/15.5°C) about 0.81. Kerosene is not
a single organic compound, or even a specific mixture of compounds;
it consists of a range of petroleum products which are obtained in
the distillation of crude oil after the petrol fraction has been

separated. The specific gravity can vary between 0.78 and 0.85 (3)
The maximum specific gravity of the kerosene produced by the CPC is
apparently 0.82 (4). As the temperature increases, the specific
gravity drops at a rate of about 0.0007 per °C (5). At an average

temperature of 27°C (see Table 3.1) the specific gravity will be



about 0.008 less than the standard value at 15.5°C. Accordingly,
it is reasonable to assume an average density in Sri Lanka at
0.8 kg/l. A gallon of kerosene will then weigh about 3.6 kg and
a bottle 0.6 kg.

Since kerosene is bought in measures of a standard-sized

bottle, a rough estimate of the quantity consumed in the village
could be obtained from the villagers themselves. However, there
is always a tendency with surveys of this type for consumption
to be overestimated. Accordingly, it was decided to obtain an

independent estimate of the quantity consumed by measuring the
rate at which the kerosene was burnt in each type of lamp, and by

asking the villagers which lamps were used and for how long they
were kept burning.

11.2 Types of lamp used

There are four types of kerosene lamp used in the village.
These are as follows:

(i) The open wick lamp. This is the most common type of
lamp. It differs from the others in that the flame is
unprotected and also in that the wick is usually just a

piece of string. Very often it consists of a small glass
bottle, of volume about 0.2 I, with the wick threaded

through a hole in a metal cap on top. Old tin cans,

usually "Parakum" condensed milk tins, are also converted
into lamps of this type, although they are not so common

in the village as the bottle lamps. In addition to these
very simple designs, most of the villagers appear to have
at least one heavy ornamental brass lamp; these do not
hold as much kerosene as the bottle and tin lamps, in fact

they sometimes go out after only four or five hours of use,

but they are more durable and may also be considered as

a form of wealth.

(ii) The hurricane lamp. This does not give a strong light,
but it is very convenient to carry, and as the wick assembly



is enclosed by a glass funnel held within a metal frame,
the light does not go out easily. The wick is a strip
about 2 mm thick and 10 to 15 mm wide, which can be

adjusted by a screw at the side of the lamp. These
lamps are sometimes used in the chenas, when it is

necessary to protect the ripening crops from animals
and thieves at night, although a torch is very often
used instead.

(iii) The table lamp. This is the biggest of the simple
wick lamps; the wick is usually 20 to 25 mm wide and

again its height can be adjusted by a screw at the side.
A glass funnel, sometimes frosted, clips in over the wick
assembly, but the lamp does not have a handle for carrying
it like the hurricane lamp. The table lamp is the best
one for reading, although it does produce a lot of heat;
schoolchildren often use them for studying in the evening.
In Anderegoda a lamp of this type could be bought for
about Rs 15 in March 1978.

(iv) The petromax lantern. This is a pressure lantern,
which produces a strong light, but consumes a large quantity
of kerosene. Only a few of the villagers have them and
they are generally used only when a particularly strong

light is required, such as on a ceremonial occasion, or

when rice paddy is being threshed by night. (It is very

common, if the paddy threshing is done with buffaloes
and not a tractor, to do the operation at night, since it
is cooler then and the buffaloes work better.) The wicks
in these lamps are fragile and can quite easily be broken
if care is not taken in handling.

It was observed with the ordinary wick lamps (that is the
open wick, hurricane and table lamps), that if the wick was too

high, combustion of the kerosene was incomplete, and an oily
black smoke was released above the flame. This was particularly
noticeable with the hurricane and table lamps since the glass
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funnel was rapidly blackened; for this reason the wicks were

usually adjusted in these lamps so as to give a bright but not

smoky flame. The wick of an open wick lamp can only be adjusted

by pulling it in or out of the aperture through which it is
threated. This is obviously difficult when the lamp is lit;
hence the wick is usually adjusted roughly before being lit, and
then left until the next time the lamp is used. Because an open

wick lamp does not have a glass funnel to protect the flame from
draughts, or from movement, when the lamp is carried, the height
of the wick is generally set to give a strong and, in consequence,

smoky flame.

As mentioned earlier, at least one lamp in each household
is kept on all night; usually this is an open wick lamp, although
some families use a hurricane lamp. In the latter case, the wick
is normally turned down low when the family retire, and will only
be turned up again if the lamp is required during the night. However,
for reasons described above, the wick of an open wick lamp is not

usually lowered when the lamp is left on all night.

11.3 Rates of kerosene consumption for individual lamps

To determine the rates of fuel consumption of the various types
of lamp, tests were carried out whenever convenient on lamps used
both in the village and outside. In the case of the ordinary wick
lamps, the lamp together with the kerosene inside it was weighed
immediately before the lamp was lit, and again immediately after
it had been doused or turned out. As the petromax lantern was

too heavy to be weighed with the 1 kg balance used, a weighed
quantity of kerosene (0.7 to 0.8 kg) was poured into the lamp
before it was lit and the tank was emptied in order to weigh the

remaining fuel when the lamp was put out.

A total of 49 tests were carried out and the detailed results

of these are given in Appendix 22. The tests are divided into
two sections, the first referring to normal flame levels and the
second to the low flame levels obtained when the wick was lowered.

A summary of the measurements is given in Table 11.1. A "normal"
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Table 11.1 Summary of measurements on kerosene lamps

Type of
lamp

Dimensions
of wick

Capacity of
fuel tank (g)

Measurements of
fuel consumption
at normal flame
levels (g/h)

Number of
measurements

Min.
rate

Mux.
rate

Min.
rate

Open wick 4 mm diam.
(circular)

Brass 50-100
Bottle) 200-300
or tin)

6 14 9 12

Hurricane 2 mm by
10-15 mm

~ 200 8 14 10 10

Table 2 mm by
20-25 mm

300-400 17 27 21 18

Petromax -
~ 1,000 86 108 93 3

Source: Derived from Appendix 22.
Note: Low flame levels. The fuel consumption rates of the ordinary

wick lamps (open wick, hurricane, table) at low flame levels
have not been included in the above table because with the
exception of the hurricane lamp, they are rarely used at
these levels. The average consumption rate for all the
ordinary wick lamps is about 4 g/h when the wick is at its
lowest level.

Table 11.2 Estimated average rates of kerosene consumption for
individual lamps

Flame level

Normal Low
g/h g/h

Open wick 10 4

Hurricane 10 4

Table 20 4

Petromax 90 -

Source: Rounded values from Table 11.1.
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flame level cannot be defined precisely, and in view of the
variations in the rate of fuel consumption observed for any

particular lamp or type of lamp, it was decided to round off
the average rates as shown in Table 11.2 (see previous page).

In constrast to these figures, Weatherley and Arnold (6)
estimate that an open-wick bottle lamp will give only 40 to 175
hours of light per gallon (imperial) of kerosene, equivalent to
a consumption rate of 21 to 91 g/h; they assume an average rate
of 85 h/gal (43 g/h). These rates are much higher than those
given for open wick lamps in Table 11.1, indeed the ranges do
not even overlap. However, Weatherley and Arnold do not
indicate how they arrived at these figures, and as pointed out
in Chapter 1 (pp.34-35), their estimate of the number of hours of
lighting required per family is also at variance with the observations
made in the present study. In Fiji, Siwatibau (7) reports that
a hurricane lamp consumes kerosene at an average rate of 12.08 ml/h,
equivalent to about 9.7 g/h, which is much closer to the average

rate given in Table 11.1.

11.4 Estimated and reported consumption of kerosene for
domestic lighting

A survey of the use of kerosene lamps in the village was carried
out in April 1978. Twelve households were asked to indicate how
many kerosene lamps of each type were lit at night and for how
long; the results are shown in Table 11.3, together with data on

the ownership of torches and petromax lamps. The use of kerosene
lamps in the chenas was excluded as few chenas were still guarded
at the time the survey was carried out. In total, over the 12
households included in the survey, 85 per cent of the kerosene
lamps lit for domestic purposes were open wick lamps. On average

3.3 lamps were lit each night per household. A total of 250 lamp-
hours of lighting was required by the 12 households, giving a

mean of 21 lamp-hours per family per day.

The quantity of kerosene used to meet the lighting requirements
described in Table 11.3 can be estimated by assuming the average



Table11.3Surveyoftheuseofkerosenelampsfordomesticlighting*
Household number

Household name

No.of electric torches

No.of petromax lamps

Lamps

onduringeveningalone

Lamps (incl
onallnight evening)

Wick

Hurricane

Table

Petromax

Wick

Hurricane

No.

Time (h)

No.

Time (h)

No.

Time (h)

No.

Time (h)

No.

Time (h)

No.

Time (h)

1

Sina

1

0

1

12

3

Si1va

2

0

3

3

1

12

1

12

4

Weerapuliya
2

0

3

3

1

12

5

Kiriya

3

1

2

3

1

3

1

12

6

Vela

1

0

1

4

2

12

7

Gunawardena
1

0

1

3

1

12

8

Lapaya

1

0

2

3

1

12

9

Weerasekera
2

1

2

2

1

12

10

Sira

1

1

2

3

1

5

1

12

11

Jamba

0

0

2

3

1

12

12

Samarapuliya
1

1

1

3

1

3

1

3

1

12

13+

Pulhiriya

2

1

2

4

1

4

1

12

Total

17

5

21

-

1

-

3

-

1

-

13

-

1

-

*Excludingtheuseoflampsinthechenasandonspecialoccasions. TOnly12householdsinvolvedinsurvey(noinformationonlightingcollectedforhouseholdno.2).
OJ

cn
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rates of fuel consumption given in Table 11.2. The results are

compared in Table 11.4 with the reported consumption of kerosene
for each household. In all but two cases (households 6 and 13),
the reported consumption (K ) is higher than the estimated
consumption (k ). On average, over all 12 families, k is aboutQ. X*

30 per cent greater than Kg . There is obviously no strong
correlation between kerosene consumption and the number of persons

in the household. The estimated per capita consumption varies
from 21 to 62 g/d and the reported per capita consumption from
26 to 87 g/d. The relationship is shown graphically in Figure 11.1,
and the regression lines between Kg and a and between K\p and a have
been drawn in for comparison. Clearly, Kg and a would be more
closely related were it not for the high consumption of kerosene
by households 3, 10 and 13. (If the data for these three households
were omitted the correlation coefficient between K and a would be

e

0.92.) The high consumption of kerosene by household 13 is due to
the fact that they light a petromax lamp every night. In the case

of household 3, two lamps are kept on all night whereas for most
households one is sufficient; this is because two members of the

household, the parents-in-law of the householder, live in a separate
hut from the rest of the household. In household 10 there is a

teenage daughter attending school, who requires the use of a table
lamp to study every night; this uses twice as much kerosene as

an open wick or hurricane lamp.

The reported consumption of kerosene will in most cases have
been rounded to the nearest number of bottles per week, which may

obscure any increase in kerosene consumption with household size.
Thus five households reported a consumption of 3 bot/wk although
the number of persons in these households ranged from 3 to 10.

The total estimated domestic consumption of kerosene by the
12 families is about 2.9 kg/d, which gives a per capita consumption
of 35 g/d or 13 kg/y. The average reported consumption per capita
can be shown similarly to be about 45 g/d or 16 kg/y. The actual
domestic consumption of kerosene for everday lighting is probably

K

somewhere between these two figures; since it is likely, as in



Table 11.4 Estimated and reported consumption of kerosene for domestic lighting

Household Household Number of Estimated * Reported ★ * Per capita
number name persons in

household
consumption consumption consumption

a Ke K
r Ke/a K /a

r

g/day bot/wk 1 g/day
t

bot/wk g/capita/day

Sina 3 120 1.4 150 1.75 40 51

3 Si lva 6 276 3.2 370 4.25 46 61

4 Weerapuliya 10 210 2.4 260 3 21 26

5 Kiriya 10 240 2.8 350 4 24 35

6 Vela 11 280 3.2 190 2.25 25 18

7 Gunawardena 3 150 1.7 260 3 50 87

8 Lapaya 4 180 2.1 260 3 45 65

9 Weerasekera 5 160 1.8 260 3 32 52

10 Sira 6 280 3.2 520 6 47 87

11 Jamba 7 180 2.1 260 3 26 37

12 Samarapuliya 9 240 2.8 300 3.5 27 34

13 Pulhiriya 9 560 6.5 520 6 62 58

, Average 6.9 240 2.77 308 3.56 37 51

St. dev. (n) 2.7 110 1.26 109 1.26 12 21

CV (n) (%) 39 46 46 35 35 34 42

Total 83 2876 33.2 3700 42.75 445 609

* Calculated from data given in Table 11.3 assuming average burning rates given in
Table 11.2.

** The villagers were asked roughly how many bottles of kerosene they used per week
exclusive of the use of lamps in the chenas and the occasional use of petromax
lamps. The survey was carried out in April when few chenas were still guarded.

+
Density of kerosene = 0.8 kg/I;
1 bottle = 0.758 I = 0.606 kg;
1 bot/wk =86.6 g/d.

n = 12 (no data on household no. 2).
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Figure 11.1 Relationship between domestic kerosene

consumption and household size

•

Kg (estimated consumption)
D K (reported consumption)

(Data given in Table 11.4)

Number of persons in household (a)
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many surveys of this type, that the villagers have overestimated
their consumption of kerosene, it was decided to assume a value
of 14 kg/capita/y.

11.5 Estimated total consumption

In addition to the domestic consumption of kerosene a small
quantity of the fuel is also used by some households for lighting
in the chenas when they are guarded at night. This is necessary

for about two months in every year, mainly between December and
February, when the chillies are ripening. The lamp used is either
a hurricane lamp or an open wick lamp, and it is generally kept
on all night. A hurricane lamp will usually be turned down low
after about three hours, so that, assuming the average rates of
consumption given in Table 11.2, the quantity of kerosene used per

night will be about 60 to 70 g. An open wick lamp, on the other
hand, cannot easily be turned down, and the quantity of kerosene
used will therefore be higher, about 120 g/night. Hurricane lamps
are not as common as open wick lamps in the village so that the
average consumption will be about 100 g/night. Probably about half
of the households in the village use a battery-operated torch rather
than a kerosene lamp in their chenas, so that assuming an average of
between one and two chenas per household, the average quantity of
kerosene required for chena lighting will be about 4-5 kg/household/y,
or about 0.75 kg/capita/y. A substantial amount of kerosene is
also used in petromax lamps on special occasions and when rice
paddy is threshed by night, although the contribution to the annual
total will be small. Very occasionally, kerosene may be used to

help light a fire if the wood is damp or no kindling material is
available. The total consumption of kerosene in the village will
thus be about 15 kg/capita/y. This is equivalent to about 2.8
bottles per household of six per week.

Estimates of kerosene consumption given elsewhere are lower.
On the basis of an informal opinion survey, Sankar and Fernando (8)
estimate that an average household of six persons will consume

about 2 bottles of kerosene per week for lighting; this is equivalent



440

to about 11 kg/capita/y. Similarly, Weatherley and Arnold (9)
estimate that the consumption of kerosene for lighting in the
Mahaweli Development Area (Stage II) was 13 gal/family/y in 1975.

(This is based on the assumption that each family had one lamp
and that one lamp consumes 13 gal/y.) The average family size
in the project area is 6.1 persons (10), so that the equivalent
per capita consumption is 8 kg/y. A 50 per cent increase in the
number of lamps per family was forecast by 1980 (9), which would
give a per capita consumption of 12 kg/y.

Total sales of kerosene in Sri Lanka amounted to 58 million

gallons, or about 0.21 Mt, in 1976 (11); most of this, about
0.16 Mt (12), was used for domestic purposes. Expressed on a

per capita basis (13), these figures are equivalent to 15 kg/y
and 12 kg/y respectively. However, kerosene consumption in
Sri Lanka has varied considerably over the last 15 years. Total
consumption in 1966 was almost as high as it was in 1976, and in
1972 reached a record level of 78 million gallons (11) or about
0.28 Mt. The average per capita consumption in 1960 was 18 kg/y,

*

and in 1972, 22 kg/y (14). The increase in world oil prices in
1973 had a dramatic effect on the consumption of all petroleum
fuels in Sri Lanka, and the total consumption in 1976 was lower than
it had been for 10 years. Since then, consumption appears to have
increased. Perera (1980) quotes an estimate for the domestic
consumption of kerosene in 1978 of 0.234 Mt (15), equivalent to
over 16 kg/capita (16). It would appear, therefore, that the
estimated consumption in Nikinigama is close to the average for
the whole island.

The cost of kerosene in the village has already been estimated
to be about Rs 4.20/gal, which is equivalent to Rs 1.15/kg. Hence
the average expenditure on kerosene is about Rs 17/capita/y. As
the heat of combustion of kerosene is 46 MJ/kg (see Table 2.4), the
energy content of the kerosene consumed is approximately 690 MJ/capita/y,
which is equivalent to 22 W/capita.
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CHAPTER 12 FINAL FLOW DIAGRAM AND CONCLUSIONS

12.1 Construction of final flow diagram

From the data presented in the previous seven chapters it is
now possible to construct a complete energy flow diagram for the
village, as shown in Figure 12.1. The form of the diagram is
essentially that obtained by combining the qualitative flow
diagrams already presented in Chapter 4, Figures 4.4 and 4.5.
A more detailed analysis of the individual flows of energy and
matter associated with each of the three types of agriculture
practised in the village, as well as with housing and with the
human and buffalo populations, may be found at the end of the
relevant chapters. (See Figure 6.3 for paddy cultivation and
processing, Figure 7.1 for chena cultivation, Figures 8.1 to
8.3 for coconut cultivation, Figures 10.4 to 10.6 for housing,
Figures 2.6, 5.3 and 5.4 for the human population, and Figures
2.6 and 6.3 for the buffalo population.) Figure 12.1 is a

summary only of the major flows of energy in the village economy.

It must be emphasised that several flows of energy, which may

be important from an ecological point of view, but which play no

part in the village economy, have been omitted. This has been
done partly because little information was available on the

quantities of energy involved, and partly because inclusion of
these flows would only obfuscate the essential features of the
diagram. The largest of these energy flows is that associated
with the crop residues from chena cultivation. Makhijani and
Poole (1) have used data from various sources in order to estimate
the residue coefficients for a number of major crops. These
coefficients have been calculated as the ratio of the weight of

dry matter in the residue to the recorded harvested weight (of
the crop) at the field moisture content (assumed by Makhijani
and Poole to be 15% for grain). For most grain crops the
residue coefficient, which presumably includes the roots as well
as the above-ground biomass, varies between 1 and 2 (1.25 for
early paddy varieties and 1.95 for rye). For soya bean and
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Figure 12,1 Integrated flow diagram for village

(See following page for Key and Notes.)

For ease of reference a fold-out copy of this diagram is attached at the end of the thesis,
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Figure 12.1 Integrated flow diagram for village

Key:

Matter

Economic process
(Purchase)

Thermodynamic process

X. Economic processb > (Sale)

Flow of radiant energy

Flow of combustible organic matter used or practically
usable as food or fuel

Other flows of matter

->-— Flow of money

Matter decomposed or oxidised

Units: All data expressed per capita per year. Flows in MJ except
where stated otherwise.

Abbreviations: HE - Human energy input to work
BE - Buffalo energy input to work

Notes: 1) Money flows rounded to nearest Rs/capita/y. Energy
flows over 10 MJ/capita/y rounded to nearest 10 MJ;
smaller flows rounded to nearest MJ. All flows
shown; imbalance between flows due to rounding errors.

2) Solar energy input (energy flows in parentheses) measured
as sum of energy outputs shown. See text (p.448).

Source: Structure derived from Figures 4.4 and 4.5 and from flow
" "

diagrams developed in Chapters 5 to 11. Magnitude of
flows calculated from original data and assumptions in
text. See text for method of construction (pp.442-451 ).

* For ease of reference a fold-out copy of this diagram is attached
at the end of the thesis.
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other legumes a coefficient of 2.6 is estimated. According
to the data given in Chapter 7, Table 7.7, the total harvested

weight of all the chena crops produced in the village was about
45 t, or the equivalent of about 220 kg/capita/y. (This includes
a small quantity of green chillies as well as dry chillies, but
correction of the green weight to the dry weight (2) will have
a negligible effect on the total.) Assuming an average residue
coefficient of 1.5, and an average dry basis heat of combustion
of 18 MJ/kg (see Table 2.4), the energy content of the chena
crop residues in the village will be approximately 6 GJ/capita/y.
This is about 40 per cent more than the energy content of the
crops themselves.

The inclusion, in Figure 12.1, of the straw produced in the
paddy fields is justified on the grounds that some of this straw
is used for thatching the village huts, although the quantity is
very small. It was decided, in general, to include only those
flows of matter or energy which were of some economic significance
in the village, that is were used at least partially to satisfy
one of the four basic needs described in Chapter 4, Section 6.
The vegetation consumed by the buffaloes in the village is included,
for example, since the buffaloes are used as a source of draught
power in agriculture. On the other hand, the water from mature
coconuts, and the husks and partially formed shells of immature
coconuts, are excluded since they have no use in the village,
and are simply discarded after the useful products with which
they occur have been separated (see Chapter 8, Figure 8.3). For
this reason, the flow of 9 MJ/capita/y from "Coconut palms" to
"Immature nuts", and from "Immature nuts" to "Raw food", in

Figure 12.1, refers only to the water and partially formed
kernel in these nuts. The spadices (consisting of the sheath
and the fruit-bearing structure), which fall or are removed from
the coconut palms after the nuts have ripened, are not generally
used as a source of fuel. However, there is no reason why they
should not be, since they make perfectly good firewood, and are

used as such in all the major coconut growing areas of the island.
Accordingly, they have been included together with the fronds, which
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are used as a source of firewood to a small extent.

There are some forms of matter included in Figure 12.1 which
have no use in the village at present, for example human and
buffalo excreta, and the waste products, consisting mainly of
husk and bran, which are removed when paddy is pounded or milled.
If these materials were excluded, however, the flows of energy

in the diagram would not balance. In other words, although these
materials are not used in any way, they are closely associated with
other materials which are, and they form an integral part of the
flow diagram. It might be argued that the waste produced in
the pounding or milling of paddy could be excluded from the flow
diagram by considering only the edible rice within the paddy grain.
This is essentially the way in which the unused husks and shells
of the immature coconuts have been excluded. However, as already

pointed out in Chapter 6, Section 6, paddy milling or pounding
losses depend on whether the paddy is parboiled or not, and also,
in the case of milling, on the type of mill used. Thus any

division of the paddy grain into an edible portion and an inedible
portion would be somewhat arbitrary. In short, Figure 12.1 shows
the flow of energy in all forms of matter, or groups of readily
interchangeable materials, which are either used at least partially
to satisfy some basic economic need in the village, or, if not,
form an integral part of other materials which are.

To be consistent with this convention, all of the firewood

produced in clearing the chenas should be included in the diagram
even though only part of it is used. It is very difficult to
estimate the quantity of wood involved, however, since even if the
total weight of wood produced on a given area of land were known,
the proportion of this total which was burnt when the chena was

fired would be highly variable. Accordingly, it was decided to
mark the total flow of firewood energy from "Vegetation" to
"Chena clearing", and the flow of unused firewood energy from
"Chena clearing", as unknown quantities. The total quantity of
firewood used in the village was estimated in Chapter 9, Section 6
to be about 455 kg/capita/y, which is equivalent to an energy flow



of 7910 MJ/capita/y. However, an estimated 20 kg/capita/y of
firewood is obtained from waste coconut matter (see Chapter 8,
Figure 8.1). Hence the quantity of firewood obtained from the
chenas is about 435 kg/capita/y, which has an energy content of
7570 MJ/capita/y.

The energy content of the fruits and vegetables produced
in the village is undoubtedly small. According to the data from
the 1969-70 Socio-economic Survey, which is presented in Table 5.14,
fruit and vegetables together account for only about 1.5 per cent
of the total apparent available energy in the diet of the people
living in the rural sector. Most of this energy is supplied by
vegetables. Fruit accounts for only about 0.4 per cent of the
total apparent available energy according to the survey results (3).
In the village, fruit are obtained throughout the year, from the
trees growing on the gangoda and in the home gardens. It is
estimated that the total quantity consumed is probably slightly
above the average for the rural sector. The apparent energy

content of the village diet is about 3460 MJ/capita/y (see Table 5.1
and 0.4 per cent of this is 14 MJ/capita/y. The energy content
of the fruit consumed in the village will therefore be about
20 MJ/capita/y (to the nearest 10 MJ). This energy refers, of
course, only to the edible portion of the fruit. In keeping with
the convention described above, the energy in any fruit stones or

skin which are thrown away is not included in the flow diagram.

Vegetables from the chenas in the village are obtained only during
the Maha season. A large proportion of the vegetables consumed
in the village has to be obtained from outside, and it is estimated
that the energy content of the vegetables produced in the chenas
is probably about the same as that of the fruit, that is about
20 MJ/capita/y.

The crops produced in the village by chena cultivation are

divided in Figure 12.1 into "Subsistence crops", which are grown

mainly for home consumption, and "Cash crops", which are grown

mainly for export. The former group comprises highland paddy,
kurakkan, maize and cowpea, and the latter chillies and gingelly.
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According to the data presented in Chapter 7 (see Table 7.8) more
maize was exported from the village in 1977/78 than was consumed
at home. However, the return on maize production is small and
the crop can hardly be considered as a cash crop.

Solar energy input

No attempt has been made to assess the total quantity of
solar energy incident on the village lands since this quantity is
of little relevant to the present study. The energy values given
in parentheses on the radiant energy flows in Figure 12.1 refer
to the total quantities of stored photosynthetic energy in the
various forms of biomass which are extracted from the village lands,
and which are used at least partially to satisfy some basic economic
need in the village. They have been calculated simply by adding
together the individual flows of energy obtained from the three
main types of agriculture practised in the village and from the
natural vegetation. Thus the flow of 7130 MJ/capita/y from
"Sun" to "Paddy cultivation" is equal to the sum of the energy

contents of the grain and straw produced in the village paddy fields.
The energy flow from the "Sun" to "Vegetation" is equal to the
sum of the energy contents of the food consumed by the buffaloes
in the village, the timber extracted for building, and the firewood
made available by chena clearing. Since, as mentioned above,
the quantity of unused firewood is not known, the total flow of

energy from the sun is marked as the sum of the known flows

(15,220 MJ/capita/y) plus an unknown amount. The flow of energy
from "Sun" to "Chena clearing" and "Chena cultivation" (4230 MJ/capita/y)
is equal to the sum of the energy contents of all the chena crops

produced, as shown in Chapter 7, Table 7.9, plus an extra
20 MJ/capita/y for vegetables, as explained above. The flow of

energy to the coconut palms in the village (580 MJ/capita/y) is
equal to the total energy content of all the matter falling or

removed from the palms, minus the energy content of the husks and
shells of the immature nuts and the water of the mature nuts.

Adding this to the energy content of the edible portion of the
fruits obtained from the fruit trees in the village (20 MJ/capita/y),
gives a total flow of energy to garden or gangoda cultivation of
600 MJ/capita/y.
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Human energy input

The human energy inputs to paddy and chena cultivation and to

milling or pounding the paddy in the village have already been
estimated in Chapters 6 and 7. There remain a number of other

processes or operations in Figure 12.1 for which the human energy

input has not yet been calculated. By far the most important
of these is the preparation and cooking of food. This is a very

time-consuming operation which has to be carried out three times
a day, every day of the year. All of the work has to be done by
hand and there are few labour-saving devices. The labour

requirement for shelling coconuts and scraping out the kernel
has already been estimated, in Chapter 8, Section 3, to be about
1800 min or 30 h/capita/y (see Table 8.2), and to involve a human
energy input of about 12 MJ/capita/y. Before the rice can be cooked
it has to be washed first in water, and any stones and other foreign
matter removed. This may sound easy but it takes a considerable
length of time, as there is usually a substantial number of small
stones which are almost identical in size and colour to the rice

grains. All of the water used in preparing and cooking the food
has to be poured from pitchers brought back from the well. In
cooking, the fire needs frequent attention to ensure that the
flame is neither too high nor too low. Once the meal is over the
dishes and pots have to be washed clean, but this is done without
the aid of detergents or hot water.

Some meals, such as roti and sambol, take less time to prepare

than rice and curry, but it is estimated, from observations made
in the village, that the preparation and cooking of all the food
for an average household of six will require about 9 hours of
actual work per day. This will usually be shared by more than
one person, often a mother and a daughter or granddaughter.
Practically all of the work is done by the women, and according
to Table 5.11, involves an average energy expenditure of 150 W/45 kg.
The human energy input to the work, calculated by Equation 5.8, is
therefore about 2 MJ/d per household of six, or 120 MJ/capita/y.
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Apart from the final preparation of food for a meal there is
also a small amount of work to be done in pounding and grinding
various grains and other dried foods. The home pounding of paddy
has already been discussed (see Chapter 6, pp.310-311); the human
energy input to pounding 25 kg of paddy was estimated to be
about 3 MJ. In addition to this, all of the kurakkan consumed
in the village (35 kg/capita/y) has to ground down to a flour, as

well as a small portion of the maize (maybe 1 or 2 kg/capita/y).
Most of the dried chillies are roasted and then pounded to make
chillie powder. By comparison with the figure for pounding
paddy, it is estimated that these operations will require a human
energy input of about 5 MJ/capita/y. This is in addition to the
total input of 5 MJ/capita/y required for pounding and milling the
paddy consumed in the village (3 MJ for pounding, and 2 MJ for
transporting the remainder to and from the mill and winnowing it
afterwards). Parboiling paddy is another operation involved in
the processing of crops prior to their final preparation as a

source of food. About 80 per cent of the paddy consumed in the
village, or approximately 50 kg/capita/y, is treated in this way.

The operation involves not only boiling the paddy in water, but
also spreading it out on the ground to dry. (This is usually
done two or three times since complete drying is not possible in
a day.) Altogether, it is estimated that the operation takes
about 3 hours for every 5 to 10 kg of paddy. The work is usually
done by the women and probably involves an energy expenditure
of about 150 W/45 kg, as in cooking. The human energy input,
therefore, will be about 85 kJ/kg, which gives a total input over

a year of 5 MJ/capita.

The human energy inputs to other domestic operations shown in
Figure 12.1 are even smaller. Shelling coconuts has already been
included above with scraping out the kernel, but for convenience
in constructing Figure 12.1, it has been included with husking the
nuts from the village palms. In any case shelling takes only a

matter of seconds and husking less than a minute per nut (see
Table 8.2). The total human energy input to this work will
certainly not exceed 1 MJ/capita/y. Minor domestic heating



451

includes heating water for bathing, space heating and boiling
clothes. As explained in Chapter 9, Section 3, these operations
are carried out only occasionally, and not in all households.
Averaged over the entire village population, this work will again

require a human energy input of less than 1 MJ/capita/y.

Lighting, in the village, involves filling up the kerosene
lamps, lighting them, adjusting the wicks, and occasionally cleaning
the funnels of the hurricane and table lamps. Altogether this
work takes only about 10 min/d per household of six persons.

Assuming an energy expenditure of about 150 W (per man or woman),
the human energy input will be approximately 2 MJ/capita/y.

Finally, cultivation of the coconut palms and fruit trees,
which grow on the gangoda and in the home gardens in the village,
involves little more than harvesting the nuts and fruits. Some of
the garden trees, particularly the pawpaws and plantains, are

occasionally watered during the dry months, but apart from this
and the original planting of the trees, no cultivation work is
done. Plucking the coconuts from the palms in the village has
already been estimated to involve about 100 min work per capita
per year (see Table 8.2). The work is usually done by the young

boys, and probably involves an energy expenditure of about 250 W.
The human energy input will therefore be about 1 MJ/capita/y.
Allowing for the work done in harvesting the fruit from the other
trees and in watering, the total human energy input to this third
type of agriculture will be only about 3 MJ/capita/y.

12.2 Discuss-ion

For ease in discussing the essential features of the flow
of energy in the village, it is convenient to reduce the integrated
flow diagram shown in Figure 12.1 to a more simplified form, as

shown in Figure 12.2. The structure of this simplified diagram
is the same as that of Figure 4.4. The three main types of

agriculture practised in the village, which are shown separately
in Figure 12.1, have been combined again into a single process, and
the energy flows added accordingly. The crop residues in Figure 12.1
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have also been brought together under a single heading. The
flow from "Agriculture" to "Crop residues" in Figure 12.2
consists of the straw from the paddy fields (3570 MJ/capita/y),
and the fronds and spadices from the coconut palms (380 MJ/capita/y).
This includes the small number of fronds, one per capita per year

on average, which are used to make cadjans in the village. The
flow from "Crop processing" to "Crop residues" comprises the wastes
from milling or pounding paddy (360 MJ/capita/y), and the husks
and shells from the coconut (360 MJ/capita/y). Part of this
flow, consisting of the paddy milling wastes (240 MJ/capita/y), is
actually exported from the village, but it has no economic value
and is not treated separately. The residue which is left over after
making coconut milk (80 MJ/capita/y) has been included in Figure 12.1
as "Waste coconut matter", but in Figure 12.2, perhaps more

correctly, it has been separated from other coconut wastes, and
treated, together with "Cooking losses and plate waste" (170 MJ/capita/y),
as an "Edible food waste" resulting from the process of "Preparation
and cooking". For this reason, the flow of energy from "Raw food"
to "Preparation and cooking" in Figure 12.2 is 80 MJ/capita/y greater
than the corresponding flow in Figure 12.1.

The purchase of crops in Figure 12.2 (690 MJ/capita/y) refers
to the husked coconuts bought outside the village. The building
materials purchased consist of cadjans (500 MJ/capita/y), and
imported wooden items (10 MJ/capita/y), mainly doors and window
fittings made by carpenters outside the village. The total cost
of the imported coconuts, cadjans and kerosene is about Rs 90/capita/y.
The costs of the imported raw foods, the various imported wooden
items used for building, and all the domestic items which are

bought outside the village have not been estimated, and accordingly
are represented in Figure 12.2 as an unknown additional amount.

The structure of the flow diagram in Figure 12.2 is such that
the diagram may be divided into essentially two parts, the upper

half relating to the village economy and the lower half to the
external economy. The dividing line between the two is basically
the flow of energy from "Agriculture", on the left of the diagram,
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to "Human beings" on the right. As already explained, agriculture
is the principal economic activity in the village. For all but a

few of the villagers, it is the only source of cash income. Other
sources of cash income, such as washing clothes, which is the
traditional occupation of the rada caste, or in the case of one farmer,
teaching, are negligible in comparison with the total income from
agriculture, and accordingly have not been included in the flow
diagram. Most of the flows in the upper half of the diagram are

directly concerned with the flow of energy from agriculture to

crops, food, and eventually the human beings in the village. Thus,
of the total accountable flow of approximately 15 GJ/capita/y from
"Sun" to "Vegetation", about 7 GJ are consumed by the buffaloes,
which are used almost entirely as a source of draught power in
agriculture. A further 7.5 GJ are used as firewood in crop

processing and cooking, and only 0.5 GJ are used as a source of
building materials. Similarly, all of the money used in the
transactions with the external economy, to purchase agricultural
inputs, food, building materials, kerosene and domestic items, is
obtained through the sale of agricultural produce.

The economic and energy inputs to agriculture in the village
may also be divided into those which are obtained from within
the village - solar energy, buffalo energy, human energy and most
of the seed - and those which are obtained from outside the village
by economic exchange - tools, agricultural chemicals and the
remainder of the seed. All of the latter inputs are in the lower
half of the diagram, and except for the seed, all of the former
inputs are in the upper half of the diagram. Again, the four
basic needs on the right side of the diagram, "Shelter", "Food",
"Lighting" and "Domestic items" may be divided into those which
are satisfied entirely by economic exchange with the external
economy - the latter two - and those which are satisfied mainly
from within the village - the former two.

Both Figures 12.1 and 12.2 serve to show the relationship
between the various sources and uses of energy, materials and
money in the village. The data in these diagrams may be analysed
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in at least three distinct ways. One form of analysis is the

comparison of the various sources or uses of energy or materials
of a particular type, for example the different sources of fuel
used in the village or the different uses of human energy. This
may be called a distribution or component analysis. It is a

linear or one-dimensional form of analysis in the sense that all
the quantities involved are of the same type or are related to the
same source or final use. A second method of analysis is the
comparison of different quantities, which are not used in the same

way, or obtained from the same source, but which are related in
some way and can be measured in the same units. This may be
called a structural or comparative analysis. It is in a sense

non-linear, and involves more than one dimension of the structure

of the diagram, since the quantities being compared are not necessarily
of the same type. An example would be the comparison between
different inputs to a particular process, especially between what
were described in Chapter 4 (see pp.183-4) as "main flows" and
"work-gate flows".

One reason for distinguishing between these types of analysis
is that it is largely the second type of analysis which has been
the subject of debate between economists and energy analysts. It
is when dissimilar entities, which have both a cash value and an

energy value, are compared, that disagreement arises over which
comparison is the more valid. The difference in opinion is often
resolved, however, when it is appreciated that the purpose of the
comparison is not necessarily the same. In the present study,
the purpose of comparing different energy flows is purely technical,
and no attempt is made at economic or social value judgements based
solely on these comparisons.

Finally, a third type of analysis which may be carried out is
an input-output analysis of the entire village economy. This may

be done either in terms of energy flows or in terms of cash flows.



456

Component analysis

(i) Human energy input to work

The total human energy input to work, averaged over the entire
village population, has been estimated to be about 570 MJ/capita/y
(see Chapter 5, Table 5.19 and Figure 5.4). Of this, approximately
210 MJ/capita/y, or 36 per cent, has been accounted for in
agriculture: 50 MJ in paddy cultivation, 150 MJ in chena cultivation
and 3 MJ in garden or gangoda cultivation. (These values have been
rounded as in Figures 12.1 and 12.2.) A further 20 MJ/capita/y
is estimated for crop processing and 120 MJ/capita/y for the pre¬

paration and cooking of food. This leaves about 230 MJ/capita/y
for other work in the village. Domestic activities, other than
those directly associated with crops or food, undoubtedly account
for most of the remainder. It was observed by the writer that the
women in the village spend a considerable amount of time each day
in sweeping the floors inside the house, as well a substantial
area of ground around the house. In addition, an hour or two

may be spent in washing clothes at the irrigation tank. Mending
clothes, and sometimes sewing or making reed mats, are other forms
of domestic work which are carried out by the women. Periodic
repairs to the walls and to the roof of the house are usually done

by the men. Other repair and maintenance work, for example to

agricultural tools, bicycles and bullock carts, as well as to
various domestic and culinary items, must also be carried out
from time to time. Families owning buffaloes have to herd them
back to the house each night to be penned up inside the compound.

Apart from these domestic activities, a not insubstantial
input of human energy is required in travelling outside the village
to obtain provisions, to sell agricultural produce, to visit the
dispensary, or for other non-recretional purposes. For example,
cycling the 7 km to Anderegoda without a load involves an energy

expenditure of about 250 W/50 kg (activity M7a in Table 5.7) and a

human energy input, calculated according to Equation 5.7, of
0.32 MJ. Walking around the market for about one hour to obtain
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provisions (activity M4 in Table 5.7) will require a further

input of 0.18 MJ, and returning to the village with a load of
10 to 15 kg (activity M7b) a further 0.42 MJ. Altogether,
therefore, the trip will involve a human energy input of about
0.9 MJ. Walking instead of cycling would be even more arduous.

Assuming an average pace of 5 km/h in walking to the market, and
4 km/h in walking back with a load, the human energy input,
according to the rates of energy expenditure given in Table 5.7
(activities M7a, M4 and M5b) would be about 1.9 MJ. Of course

some trips will be made by bullock cart or by bus, especially when
heavier loads have to be carried, but nevertheless, the average

human energy input per trip will still probably be about 1 MJ.
Assuming an average of 4 person-trips per household of six per

week, the total input to this work will be of the order of 30 to
40 MJ/capita/y.

(ii) Human food

The proportion of the food consumed in the village which is
obtained from outside, as opposed to being produced within the
village, and the proportion of the food produced in the village
which is exported, cannot be determined directly from the data
given in Figure 12.2. This is because the flow of energy in
the form of crops includes the energy content of the inedible
paddy husks, and the husks and shells of the coconuts. The
latter may readily be deducted from the total, since the distinction
between the edible kernel and the inedible husk and shell of the

coconut is quite clear; but in the case of the paddy grain,
as already pointed out, the milling or pounding losses depend on

whether the paddy is parboiled or not. It has been estimated that
about 80 per cent of the paddy consumed in the village is parboiled,
in which case the loss is about 28 per cent, and 20 per cent is
raw, in which case the loss is about 40 per cent. On average,

therefore, the milling or pounding loss is just over 30 per cent.
This figure applies to the reduction in energy content as well as

to the reduction in weight, since the heat of combustion of the
rice grain is roughly the same as that of the residue. If it is
assumed that the milling losses for the paddy exported from the
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village are the same, on average, as for the paddy consumed in
the village, then the energy content of the effectively edible

part of all the paddy may be taken as just under 70 per cent of
the total.

Figure 12.3 shows the result of making these deductions from
the energy flows given in Figure 12.2. As before, all of the
calculations have been carried out on the basis of the original
assumptions made in the text, and the resultant flows rounded to
the nearest 10 MJ/capita/y. In terms of energy content, it is
clear from Figure 12.3 that most of the food produced in the
village is exported. Storage losses, and seed from within the
village, each account for about 3 per cent of the total quantity
(6500 MJ/capita/y), while exports account for two thirds. Only
27 per cent of the food produced is consumed within the village.
Imported foods, including the rice ration, amount to 1770 MJ/capita/y
or half of the total apparent consumption of food. These data may

be expressed in a more simple form if the quantity of food available
for consumption or sale in the village, after accounting for storage
losses and seed, is represented as 7 units of production. Each
unit is then approximately 870 MJ/capita/y. Exports amount to about
5 units and imports to 2 units. The total consumption of food
in the village is equivalent to 4 units. The essential structure
of Figure 12.3 may then be reduced to the following simple form:

Net food
production ->

Total food
consumption

5
Food
imports

Rice
ration

si/

? v Non-food
' imports
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The 2 units of imported food have been divided into the free rice

ration, which amounts to just under 1 unit, and the purchased food

imports which amount to just over 1 unit. Part of the 5 units
of food exported will be used to pay for these imports, and the
remainder for non-food imports such as kerosene, agricultural
inputs and domestic items. Apart from coconuts, most of the
imported foods, particularly the vegetables, are relatively low in
energy content, and their cost per unit of energy is higher than
for most of the exported foods. Accordingly, more than 1 unit of
food exports will be required to pay for the food imports. Assuming
that about 2 units are used for this purpose, there will be 3 units
left to pay for non-food imports.

(iii) Fuel

There are two fuels used in the village - kerosene for

lighting, and firewood for cooking and other operations requiring
heat. All of the kerosene, which amounts to an energy flow of
about 700 MJ/capita/y, is imported, but most of the firewood is
obtained from within the village. Of the total of about
450 kg of firewood consumed per capita per year only about 16 kg
of coconut shells, obtained from the coconuts bought outside the
village, is imported. Altogether, the total energy content of
all the fuel consumed in the village amounts to about 8.6 GJ/capita/y,
and of this about 1 GJ/capita/y, or just over 10 per cent, is
imported.

(iv) Other basic needs

Apart from food and fuel, all of the domestic items in the
village are imported, and also, in terms of energy content as well
as weight, about 40 per cent of the building materials (excluding
mud). At any one time, of course, the proportion of imported
materials in the village huts will be much less than 40 per cent,
since the cadjans, which account for most of the imports, need
to be replaced far more frequently than the other materials.
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(v) Summary

To summarise then, the village imports half of its food,
10 per cent of its fuel, 40 per cent of its building materials
and all of its domestic items. These imports are paid for by
exporting 70 per cent of the food produced in the village (after
deducting storage losses and seed). Clearly, trade with the outside
is important to the village economy. Indeed it would appear that,
on average, the population in Nikinigama is not living as close to
a subsistence level as might at first have been supposed. However,
it must be emphasised that the year to which this study relates,
1977/78, was an unusually good year for lowland paddy production.
In most years, the villagers would only be able to cultivate
about half the area of irrigated paddy land which was cultivated
in 1977/78. The production of chena crops in these years would
probably be higher, since there would undoubtedly be more time to
attend to weeding, particularly of the chillies. Nevertheless,
it is estimated that at constant prices, the volume of agricultural
produce sold from the village would normally be only about 80 per

cent of the level attained in 1977/78. Furthermore, the distribution
of income and wealth in Nikinigama is such that the average volume
of production and sales is probably above the median value. In
other words, the per capita production and export of agricultural
crops in most households would be below the average figures shown
in Figures 12.1 and 12.2.

Comparative analysis

(i) Inputs to food preparation and cooking

According to Figure 12.2, food preparation and cooking in
the village converts 3540 MJ of raw food into 3290 MJ of prepared
or cooked food, with the loss of about 260 MJ in edible food waste.

The operation requires an input, or "work-gate flow", of about
7000 MJ of energy in the form of firewood and 120 MJ of human energy.

Comparison of these flows shows that the energy content of the
firewood used for cooking is about twice that of the food prepared
or cooked. According to the data on food consumption given in
Table 5.16, most of the food consumed in the village, that is at
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least 80 per cent, and probably as much as 90 per cent, will be
cooked before it is eaten. On average, therefore, about 2 MJ of

energy in the form of firewood are required to cook 1 MJ of energy

in the form of food. The ratio of these quantities of energy

will obviously vary according to the food and the method of cooking.
As shown in Chapter 9, Section 4, the cooking of 1 kg of rice in
the village requires, on average, about 0.8 kg of firewood. In
terms of energy content, this is equivalent to about 0.9 MJ of
firewood energy for every 1 MJ of rice energy. For other foods,
particularly vegetables, which have a much lower heat of combustion
than rice, the ratio will be considerably higher than 2:1. The
highest ratio will be obtained in making tea, since the quantity
of water required is large, and since the heat of combustion of the
soluble tea compounds is low.

The input, or "work-gate flow", of human energy required in
food preparation and cooking is clearly very small in comparison
with the magnitude of the main flow. Indeed it is smaller even

than the energy lost in edible food waste. Defined as it is in the
present study (see Chapter 5, pp.252-3), the human energy input to
work is approximately equal to the extra available food energy which
has had to be consumed, above the quantity required for a normal
level of alternative recreational activity, in order to carry out
the work. The energy content of the extra food consumed will be
greater than the human energy input on account of the faecal and
urinary energy losses. It has been estimated that, on average,

the available energy in the village diet is about 90 per cent of
the energy content of the diet (see Chapter 2, p.67). Accordingly,
the energy content of the extra food intake, which may be written
as Ej.*(h)3 is approximately related to the human energy input
Ej(h) according to the relation

EJh)

EI*(h) = ■ (12.1)

Combining this equation with Equations 5.7 and 5.8, gives, for a

male adult villager,
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E *(h) = 4 2 (£\ - 100) ti kJ/50 kg, (12.2)

and for a female adult villager,

ET*(h) = 4 S (Ei - 90) ti kJ/50 kg, (12.3)

where E\ is the rate of energy expenditure in activity i (watts)
and t . is the total time spent in activity % (hours).Is

For the work done by the women in the village in food preparation
and cooking, the extra food intake E^Ch) is therefore about
130 MJ/capita/y. This is only half the energy content of the
edible food wastes discarded in the village (260 MJ/capita/y).
Even accounting for the fact that 80 MJ of this waste is in the
form of the rather inedible residue left over after making coconut
milk, the remainder, consisting of cooking losses and plate waste,
is still in excess of the extra food intake required. These
calculations are, of course, only approximate. Cooking losses
and plate waste were not actually measured in the village, but
estimated, as shown in Chapter 5 (pp.200, 202), as roughly 5 per cent
of the total apparent food intake. Nevertheless, these comparisons
show the relative order or magnitude of the quantities involved.

(ii) Inputs to agriculture

Agriculture in the village, according to Figure 12.2, produces
about 8 GJ/capita/y of crops and 4 GJ/capita/y of crop residues.
As already pointed out, however, these residues consist only of
the straw from the paddy fields and the fronds and spadices from
the coconut palms. The crop residues produced in chena cultivation,
which have no use in the village at present, account for an estimated
6 GJ/capita/y. Altogether, therefore, the energy content of all
the biomass produced in the village by agriculture amounts to about
20 GJ/capita/y. The part of this which is edible by human beings,
as shown in Figure 12.3, amounts to only 6.5 GJ/capita/y, or one

third of the total.
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The inputs to this agricultural production which can be
measured in terms of energy are the buffalo energy input
(40 MJ/capita/y), the human energy input (210 MJ/capita/y) and
the seed input (360 MJ/capita/y). There is also, of course,

the important input of radiant energy from the sun, but, as

already explained, the magnitude of this input is of no relevance
to the present study. There are also the inputs of agricultural
chemicals and tools, but the energy content of these is of no

significance.

As with food preparation and cooking, the input or "work-
gate flow" of human energy in agriculture is very small in
comparison with the main flow. According to Equation 12.1, the
extra food intake associated with this input is about 230 MJ/capita/y,
which is substantially less than the energy content of the seed sown.

In fact, the energy content of the seed input includes the inedible
husk of the paddy seed. As already shown in Figure 12.3, the
energy content of the edible part of all the seed amounts to about
270 MJ/capita/y. This is still greater than the extra food
intake required to do all the work in agriculture. In other
words, the extra food energy required by the villagers to perform
the work of cultivation, above what they would require were the work
not done, is less than the food energy which is lost in the seed
sown. Indeed, the quantity of seed sown is adequate to account
not only for the extra food required by the villagers, but also the
extra food required by the buffaloes which are used as a source of
draught power. The buffalo energy input to agriculture in the
village has been calculated as approximately 40 MJ/capita/y. As
with the human energy input, this quantity refers to the extra
metabolisable food energy which is required by the buffaloes in
performing the necessary work, above what would be required were

the work not done. The gross energy corresponding to this extra
metabolisable energy will depend on the food consumed. If the
buffalo energy input is EJb), then the corresponding gross energy,

Ej*(b)3 will be given by the relation
EJb)
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where Q is the metabolisabi1ity of the food. Values of Q for
various foods consumed by ruminant animals have already been given
in Chapter 2, Table 2.9. For rice mill feed, which is the waste

produced in paddy milling, Q is 0.4, and for the grains and seeds
of cereals and legumes, Q is 0.7. The part of the seed sown in
the village which has been considered unfit for human consumption
(90 MJ/kg/y) is that portion of the paddy seed which would be lost
in the process of pounding or milling, or in other words the same

as rice mill feed. Allowing 230 MJ/capita/y of the seed energy

for the human energy input to agriculture, there remains, therefore,
about 40 MJ of energy in the form of seed and 90 MJ in the form
of what would become rice mill feed. The metabolisable energy

contained in this remaining food is, assuming the coefficients given
above,

(40 x 0.7) + (90 x 0.4) = 64 MJ.

This is greater than the buffalo energy input to agriculture in
the village, and accordingly the energy in all the seed sown in
the village exceeds the gross food energy required for both the
human and buffalo energy inputs.

In the case of irrigated paddy cultivation in the village, an

interesting comparison may be made between the inputs and outputs,

by converting all of the inputs to an equivalent weight of paddy.
The human energy input is 53 MJ/capita/y (see p.307) and the buffalo
energy input 37 MJ/capita/y (see Table 6.4). The gross food energy

intake, in the form of paddy, which would be required to meet these
inputs, may be calculated according to the method described above
as approximately 123 MJ/capita/y. As the wet basis heat of
combustion of paddy is 15.5 MJ/kg (see p.315), this is equivalent
to about 8 kg/capita/y of paddy grain. The cash inputs to paddy
cultivation for tools and agricultural chemicals total about
Rs 33/capita/y (see Figure 12.1). As the average market price
for paddy in Anderegoda at the time of the present study was about
Rs 38/bu (Rs 1.8/kg), this input is equivalent to a further
18 kg/capita/y of paddy. The seed paddy input was about
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14 kg/capita/y (see Table 6.3), giving a total paddy equivalent
for all inputs of about 40 kg/capita/y. Total production from
the paddy fields was estimated to be about 230 kg/capita/y (see
p.308), so that the grain output exceeded the equivalent grain input
almost six fold.

(i ii) Fuel

Firewood, including a small quantity of coconut shells, is the
only fuel used in the village at present for cooking and other
domestic heating operations. However, it is of interest to
consider the possible use of other fuels in the village, which
might become important if firewood becomes scarce. It is clear
from Figure 12.1 that the straw from the paddy fields would be
inadequate as a replacement for the firewood especially considering
that the yield of straw, as of grain, in 1977/78, was above average.

However, together with the crop residues from chena cultivation,
which are not included in Figure 12.1, but which have been estimated
to have an energy content of about 6 GJ/capita/y, there would be
enough fuel to replace the firewood. A more suitable fuel than
the chena crop residues would be the buffalo dung, which has an

energy content similar to that of the straw from the paddy fields.
Nevertheless, without the additional use of the chena crop residues
there would not be enough energy in these two sources to replace
the firewood.

If, at some time in the future, the villagers in Nikinigama
were forced to give up the practice of chena cultivation, and to

rely only on their paddy land, and an area of settled highland
roughly equal to the present area cultivated in the chenas, then
there would probably be just enough fuel available to meet the
present demand. Assuming the same yields of crops, crop residues,
dung and other wastes as at present, it may be shown that the
buffaloes would need to consume all of the crop residues from the
highland as well as about a third of the straw from the paddy
fields. However, the energy content of their dung and that of the
human population, together with the remaining straw from the paddy
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fields, the building materials which are periodically replaced,
the unused waste coconut matter, and the wastes from pounding
paddy, would be approximately equal to the energy content of the
firewood used at present.

(iv) Other comparisons

A number of other comparisons between different energy flows
may be made from the data given in Figure 12.1. For example,
the energy in the methane produced by the buffaloes in the village
(500 MJ/capita/y) is the same as the energy in the timber required
for building, and in the cadjans required for roofing. It is
also not much less than the energy in the kerosene used for lighting
or in all the coconut matter falling from the palms in the village.
In the same way, it may be seen that the estimated paddy storage
losses (230 MJ/capita/y) are roughly the same as the quantities
required for sowing the paddy fields. It may also be observed
that there is as much energy in the excreta produced by the
70 buffaloes in the village as there is in the food consumed by
the 203 human inhabitants, and, furthermore, that there is about
ten times as much buffalo excreta as there is human excreta.

The purpose of making these comparisons is not to suggest any

alternative uses or sources of energy in the village, but simply
to draw attention to the relative magnitude of the quantities
involved.

Input-output analysis

(i) Cash flow

It was not the purpose of the present study to examine the
flow of money to and from the village, or to make any accurate
estimate of the average money income of the villagers. Nevertheless,
it is possible to draw some conclusions from the data on cash
incomes and expenditures shown in Figure 12.2. The first point of
interest is that the average per capita cash income from the sale
of crops (Rs 880/y) is substantially higher than is suggested by
the calculations laid out in Appendix 6 for a typical household
of six persons. It was estimated that the market value of all the



468

agricultural crops produced by such a household would be about
Rs 5,000/y, which is equivalent to approximately Rs 830/capita/y.
Actual sales would obviously be much less than this figure,
probably only about Rs 600/capita/y. However, these calculations
are based broadly on general observations made by the writer on

a number of families in the village, and are intended to relate
to what was considered to be a typical household rather than an

average household. The distinction is important since the average

money income, or volume of production, may be significantly affected
by a small number of atypical households, which are either much
poorer or much richer than the majority. The present study has
been concerned largely with the overall flow of energy through
the whole village, and differences between individual households
have not been discussed. However, there were considerable
differences in income and wealth between a number of households.

Several of the poorer families had mortgaged their paddy lands
to richer families and many were cultivating paddy fields only as

an ande goviya or tenant farmer. It is because of these
differences that the average per capita income, according to the
data in Figure 12.2, is higher than was estimated for a typical
or "modal" village household.

Another interesting aspect of the flow of money in the village
is the relatively small expenditure on agricultural inputs.
According to Figure 12.2, these accounted for only about Rs 70/capita/y,
on average, or less than 10 per cent of the total cash income from

agriculture. Only a small part of the expenditure on other items
has been accounted for. An estimated Rs 55/capita/y was spent on

coconuts, Rs 16 on cadjans and Rs 17 on kerosene. The major item
of expenditure in the village was undoubtedly food. Although the
energy flow associated with the unaccounted part of the food
expenditure is only 600 MJ/capita/y, the energy content of most
of these imported foods would be low in comparison with their cost.

It is probable that practically all of the cash income from
the sale of crops would be spent in some way, since few of the
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farmers keep much cash or have bank accounts. Surplus cash
would be spent, as explained before, on domestic items. These
would then be sold, as required, at other times during the year

when no cash was available from the sale of crops.

(ii) Energy flow

The gross flows of energy in to and out from the village are

shown in Figure 12.4. Unused crop residues and firewood have been
omitted, so that the diagram refers only to those quantities of
biomass which are directly involved in the economy of the village.
The total input of energy is 26 GJ/capita/y, 23 GJ directly from
the sun and 3 GJ in the form of food, fuel and building material
imports. The outputs of energy are divided into three categories -

energy released directly as heat (15 GJ), energy stored in biomass
decomposed over a long period (6 GJ), and exports of energy from
the village (5 GJ). The second category is composed mainly of
the waste products from the village, whereas the first category
consists of the chemical energy which is released directly as a

result of the activities in the village. Seed is obviously not
a waste product, but at the same time it does not belong to the
first category of energy outputs. Accordingly it has been placed
mid-way between the first two categories of energy outputs.

The exports of biomass energy from the village, in the form
of crops, exceeds the import of energy, in the form of food, fuel
and building materials, by 2 GJ/capita/y. In terms of economic
products, therefore, the village is a net exporter of energy.

The energy flows measured in GJ/y in Figure 12.4 may be
readily converted to watts by observing that 1 kW ~ 30 GJ/y.
The average energy input from the sun to the village is then
approximately 0.75 kW/capita, while the average rate at which heat
is released by the village population is about 100 W/capita. The
release of heat through the burning of wood fires in the village is
equivalent to an average power output of about 0.25 kW/capita.
The release of heat from the kerosene lamps, on the other hand, is
equivalent to an average power of only about 20 W/capita.
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Figure 12.4 Gross energy inputs and outputs in village

Units: GJ/capita/y. Source: Derived from Figure 12.2.
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12.3 Summary and conclusions

As explained in the introduction, the purpose of the present

study was two fold: firstly to examine the current methodology in
energy analysis, and to provide a suitable analytical framework
on which to base the construction of energy flow diagrams for human
communities; and secondly to construct an energy flow diagram for
a village in the Dry Zone of Sri Lanka. The inadequacies of the
current methodology have been discussed in Chapter 1; it has been
pointed out that the measures of energy used by different writers
in the field are often not the same and that in consequence it is
difficult to draw comparisons between the results of different
studies. There is no concensus of opinion on how different forms
of energy should be measured, and the conclusions formed in the
various analyses of energy use which have been carried out are

dependent to a large extent on the measures of energy adopted.
Indeed, it is possible, with a suitable choice of convention for
the measurement of different forms of energy, to show that the
use or the "efficiency" of use of energy in one situation is either
substantially more than or substantially less than in another situation.

Apart from the different conventions used, there is a distinct
lack of understanding evident in much of the literature of the
meaning of the various measures of energy used by scientists,
engineers and human and animal physiologists. The relationship
between these measures has been discussed in Chapter 2. Attention
has been drawn, in particular, to the distinction between the low
heat value and the high heat value of fuels, and between the available
or metabolisable energy and the gross energy of human and animal
foods. It has been suggested that the only measure of the energy

in foods and fuels which is suitable for the construction of energy

flow diagrams is the heat of combustion. The ecological significance
of the heat of combustion has been emphasised by showing that it is
equal to the energy absorbed in the formation of a substance, and
the oxygen required for its complete combustion, from the basic
constituents of all biological matter, that is, primarily liquid
water and gaseous carbon dioxide and nitrogen. It has been pointed
out that the ultimate source of all the energy stored in the foods
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and fuels used by man is the sun, and that it is entirely by the
process of photosynthesis in plants that this chemical energy is
procured; furthermore, that all of the energy in foods and fuels
is ultimately released as heat in the process of combustion,
and the matter of which these foods and fuels are composed is
converted back to water, carbon dioxide and nitrogen. It has
been deduced that an energy flow diagram for a human or animal
community is a map of the flow of chemical energy stored in various
biological substances, from the point when that energy is converted
from radiant energy into chemical energy, to the point when it is
converted from chemical energy into heat. All of the energy from
the sun which is absorbed by the earth is eventually degraded into
heat, that is the random motion of the molecules of which matter

is composed. Life in a human or animal community, indeed life
in all forms on the earth, survives by converting a small fraction
of this radiant energy into chemical energy, and by then using this
stored chemical energy for movement, temperature control and other
vital functions, as and when required. Ultimately, all of the
energy so used is converted into heat.

The flow of chemical energy in a biological community may be
mapped at several different levels - at a physiological level,
within the body of each member of the community; at an ecological
level, between the members of different species or trophic levels;
and for a human community, at an economic level, in the various

processes involved in satisfying the economic needs of the community.
The present study has been concerned mainly with the flow of energy

at the economic level. However, a complete understanding of this
flow is not possible without at least some knowledge of the flows
of energy at the physiological level in the human being and in the
domesticated animals used by man. The methods used in the literature
on energy analysis to quantify the flows of energy associated with the
work done by draught animals, and particularly human workers, in
various economic processes, vary considerably, and often suggest a

poor understanding of the physiological processes involved. The
consumption and expenditure of energy by human beings has been
discussed in detail in Chapter 5, and the various methods used to
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assess the human energy contribution to work have been compared

(see Chapter 5, Section 3). It is suggested that the most
sensible measure of the flow of energy associated with human
work is the extra quantity of chemical energy which is converted
into heat in performing the work, above what would be required
for maintenance, and an average level of alternative recreational
activity, were the work not done. This quantity may be converted
to an equivalent quantity of energy in the form of food by using
Equation 12.1, derived in the previous section. The flow of
energy associated with the work done by draught animals has been
measured here in the same way, as shown in Chapter 6, Sections 4
and 7. It is recognised, however, that in the case of animal
labour, the relevant input of energy in a comparative input-output
energy analysis would be the total energy content of the food
consumed, which is obviously much larger than the animal energy

input defined here.

The construction of a qualitative flow diagram for the village
under study in the present work has been described in Chapter 4.
The magnitudes of the various flows of energy involved have been
estimated in Chapter 5 to 11, in relation to the seven major
sources and uses of energy in the village. The final flow
diagram, obtained by integrating the derived data into the form
of the qualitative flow diagrams described in Chapter 4, has been
presented in the first section of this chapter. The essential
structure of the diagram has been discussed in Section 2 of this
chapter and three methods of analysing the data in the diagram
have been distinguished; these have been described as component

analysis, comparative analysis and input-output analysis. Individually,
it is possible to carry out these types of analysis of the village
economy without constructing an energy flow diagram. However,
the diagram serves to show the fundamental ecological relationship
between the quantities involved in a manner which would not otherwise
be apparent.

A number of important conclusions may be drawn from the results
of this study:
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1) An energy and material flow diagram for a human community
contributes to an understanding of the use of resources by the
community, to satisfy its basic physical needs, which would not
be possible with a conventional economic analysis.

2) In a society with a highly developed economic structure,
the underlying flow of energy and materials is often obscured by
the more socially relevant flow of money; but in the Third World,
and particularly in agricultural communities living at or near

subsistence level, the flow of money is usually inadequate to map

the flow of resources, and an energy and material flow diagram
gives a far more complete description of the economy than a money

flow diagram.

3) The type of energy and material flow diagram constructed
in the present study serves to bring together the ecological and
the economic interpretations of the use of resources in a human
community.

4) The construction of such a diagram involves the collection
and analysis of a large number of data; if the analysis is not
comprehensive then it is liable to be meaningless or misleading.

5) One of the particular advantages of constructing an

energy flow diagram is that it indicates those areas in the economy

where technological innovation could play a part in the process

of economic development.

6) An energy and material flow diagram provides a means of
analysing the potential in a human community for self-sufficiency
in food and fuel. It may also be a useful analytical tool in

predicting the impact on the village economy of various social
and economic changes and may help in identifying those areas where
a critical shortage of food or fuel is likely to develop.

7) From a purely practical point of view, an energy flow
diagram allows the energy analyst to obtain an intuitive appreciation
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of the order of magnitude of the flows of energy in different
parts of the economy.

Apart from these general conclusions, some specific observations
may also be made as a result of applying this type of analysis
to a particular village. Thus the data in Figures 12.1 and 12.2
show clearly the importance, in any form of energy analysis, of
stating precisely how the inputs or outputs to a particular
process have been measured. The total energy output from
agriculture in the village may be taken as any one of four
different quantities. The total energy content of all the crops

and crop residues produced amounts to about 20 GJ/capita/y.
However, the energy content of the crops alone, as they would
be sold, is only about 8 GJ/capita/y, and the energy content of the
edible part of these crops is only 6.5 GJ/capita/y. Finally,
the available energy in these crops, allowing for the faecal
and urinary energy losses which would occur when they were

consumed by human beings, would be only about 6 GJ/capita/y.
The energy inputs to agriculture in the village may also be
measured in various different ways. The human energy input has
been calculated as approximately 210 MJ/capita/y, and the extra
food intake associated with this input as about 230 MJ/capita/y.
On the other hand, the total energy content of all the food
consumed by the villagers amounts to about 3.5 GJ/capita/y.
The ratio of the energy content of all the edible food produced
to the energy conent of the extra food required to perform the
work of cultivation is 6500/230, or about 28. The ratio of the
former quantity to the total energy content of all the food
consumed, however, is only 6500/3500 or less than 2. Clearly
a wide variety of ratios may be produced, depending on the measures

of energy used.

The result of the component analysis presented in Section 2
of this chapter, produces the question of how "subsistence
agriculture" should be defined. The village of Nikinigama appears

outwardly to be living close to a subsistence level, and yet in
1977/78 they exported about 70 per cent of the food they produced.



476

Furthermore, they have an abundant supply of firewood, which many

other supposedly more affluent village communities in the Third
World do not have.

Finally, the energy flow diagram constructed for the village
suggests that there is still a considerable degree of freedom
to adapt to various changes in the availability of land and other
resources, which may occur in the future.

Notes and references

1) Makhijani and Poole, (1975), p.107, Table 4.4.
2) It is generally assumed in Sri Lanka that chillies, when

dried in the sun (to an equilibrium moisture content) will
weigh about a quarter of their original weight. Tests
carried out by the Department of Agriculture indicated a
drying rate of 4.1 : 1 (DCS, (1969b), p.8).

3) DCS, (1977a), p.4.
4) See, for example, Piatt, (1962), p.30.
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APPENDIX 1 MOISTURE CONTENT OF SAMPLES OF FIREWOOD FROM VILLAGE

The moisture content of 38 samples of air-dry firewood from
the village was determined by oven drying for 24 hours at 105°C.
The results are shown in the table below. The first 30 samples
are of bark-free wood belonging to four species of tree commonly
found in the chena lands. Two samples of bark and six samples
of coconut husk, which is occasionally used as a fuel, were also
collected. Each sample was taken from a different piece of wood
except for the first ten samples of katupila (4.1-4.10), which were

taken from different parts of the same piece. The dry-basis
moisture contents of these ten samples varied from 13.0% to 14.6%,
with a coefficient of variation of less than 5%. The moisture

contents of the first 30 samples varied from 11.1% to 17.4%, with
an average of 14.5% (SE = 0.27%), and a coefficient of variation
of 10%. The samples of bark and coconut husk, which take longer
to dry than most wood fuels, had higher moisture contents, ranging
from 15.3 to 18.6%.

All of the samples were collected in February 1978 from piles
of dried firewood in the kitchens of the village households. Each
sample was sealed in a small plastic bag. The moisture content
determinations were carried out by the writer on 24/25 February 1978
at the University of Sri Lanka in Peradeniya.

Sample
number

Wood species
(local name and
botanical name)

Initial
weight

Final
weight

Weight
loss

Moisture
Content

9 g g % (d.b.)

1.1 Mara (Alb-izz-ia
lebbek) 17.70 15.46 2.24 14.5

2 8.93 7.81 1.12 14.3

3 4.33 3.76 0.57 15.2

Average (1.1-1.3) 14. 7
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Sample Wood species
number (local name and

botanical name)

Initial Final Weight
|

Moisture
weight weight loss content

g g g % (d.b.)

47.43 41.37 6.06 14.6

22.70 20.19 2.51 12.4

23.72 21.35 2.37 11.1

26.71 23.43 3.28 14.0

20.33 17.98 2.35 13.1

18.33 16.18 2.15 13.3

13.1

37.20 31.68 5.52 17.4

18.37 15.74 2.63 16.7

11.17 9.52 1.65 17.3

22.89 19.51 3.38 17.3

9.15 7.88 1.27 16.1

6.45 5.55 0.90 16.2

16.8

12.92 11.43 1.49 13.0

28.71 25.05 3.66 14.6

24.59 21.65 2.94 13.6

5.79 5.06 0.73 14.4

10.05 8.77 1.28 14.6

20.34 17.93 2.41 13.4

6.83 5.98 0.85 14.2

3.71 3.28 0.43 13.1

9.52 8.31 1.21 14.6

3.47 3.06 0.41 13.4

13.9

2.1

2

3

4

5

6

3.1

2

3

4

5

6

4.1

2

3

4

5

6

7

8

9

10

Buruta

(Chloroxylon
swietenia)

Average (2.1-2.6)

Kunumela

(Diospyros
ovalifolia)

Average (3.1-3.6)

Katupila (bot¬
anical name not

known); 10
samples from same
piece of fire¬
wood

Average (4.1-4.10)
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Sample
! number
i

Wood species
(local name and
botanical name)

Initial
weight

Final
weight

Weight
loss

Moisture
content

g g g % (d.b.)

4.11 Katupila 33.70 29.32 4.38 14.9

12 13.67 11.91 1.76 14.8

13 13.00 11.35 1.65 14.5

14 10.01 8.83 1.18 13.4

15 17.65 15.47 2.18 14.1

Average (4.11-4.15) 14.3

Average (4.1-4.15 14.0

Average (all
samples above) 14.5

5.1

2

Mara [AVbizzia
lebbek)', samples
of bark only

4.62

3.88

3.95

3.32

0.67

0.56

17.0

16.9

Average (5.1-5.2) 17.0

6.1 Coconut husks 13.43 11.45 1.98 17.3

2 25.06 21.15 3.91 18.5

3

Average (6.1-6.3)

10.31 8.69 1.62 18.6

18.1

7.1 Coconut husks 31.79 27.58 4.21 15.3

2 44.18 37.77 6.41 17.0

3

Average (7.1-7.3)

34.26 29.48 4.78 16.2

16.2

Average
(all samples) 15.0



APPENDIX 2

Table A2.1

ENERGY IN ANIMAL FOODS : REFERENCE DATA

Energy in crops, crop residues and other foods consumed by ruminant animals

No. Food Food
no. in
source

W GE ME DOMD FE

(w.b) dry basis

% MJ/kg % % Of GE

Grains and seeds

1 Maize 1203 14 19.0 14.2 87 9

2 Mil let 1204 14 18.7 11.3 68 29

3 Rice (polished) 1206 14 18.0 15.0 94 1

4 Wheat 1208 14 18.4 14.0 87 9

5 Gram 1212 14 18.4 12.4 78 18

6 LentiIs

Staus and ohaff

1213 14 19.1 13.6 85 11

7 Maize straw 1106 15 18.1 7.3 51 46

8 Rye straw, spring 1111 14 18.4 6.2 42 56

9 Rye straw, winter 1112 14 18.1 6.3 43 55

10 Wheat straw, spring 1115 14 17.6 5.6 39 59

11 Wheat straw, winter 1116 14 17.7 5.7 39 59

12 Mi 1 let chaff and
husks 1119 12 17.0 5.2 35 63

13 Rice husks 1121 14 16.1 2.5 15 84

14 Rye chaff 1122 14 17.4 5.8 41 57

15 Wheat chaff

Grasses

1124 14 16.5 5.9 39 59

lb Pasture grass, close
grazing:
Non-rotational 501 80 18.6 12.1 75 21

17 Rotational with
monthly intervals 503 80 18.5 11.2 72 24

18 Pasture grass,
extensive grazing

(Spring value, run¬
ning off during
summer) 504 80 18.0 10.0 64 33

19 Winter pasturage
(after close
grazing allowing
free growth from
end July to
December) 505 80 18.1 9.7 63 34

20 Rice grass 506 78 17.4 7.0 46 52

21 Ryegrass per¬
ennial post
flowering 507 75 17.5 8.4 55 42

22 Sorghum 509 80 18.1 8.0 53 44

23 Timothy 510 75 18.1 8.5 55 42

Table cont/



Table A2.1 continued

No. Food Food U GE ME DOMD FE
no. in
source (w.b.) dry basis

% MJ/kg % % Of Gz

Hay

24 Grass (very high
digestibility) 907 15 17.7 10.1 67 30

25 Grass (high
digestibility) 908 15 17.6 9.0 61 36

26 Grass (moderate
digestibility) 909 15 17.7 8.4 57 40

27 Grass (low
digestibility) 910 15 17.8 7.5 51 46

28 Grass (very low
digestibi1ity) 911 15 17.6 7.0 47 51

29 Millet hay 915 15 18.2 8.4 56 41

30 Rice grass, poor 918 15 17.2 7.0 47 51

Leaves of root vegetables
31 Carrot leaves 202 82 15.7 7.9 48 50

32 Kohlrabi leaves 203 86 17.5 10.2 65 32

33 Mangel leaves 204 89 16.6 9.0 57 40

34 Potato haulm 205 77 17.3 6.5 42 56

35 Turnip leaves

Miscellaneous

207 88 16.5 9.2 58 39

36 Leaves of trees
in July (dried) 708 16 17.9 9.1 55 42

37 Poplar leaves in
October (dried) 710 16 19.4 9.7 53 44

38 Nettles (dried) 709 11 18.1 10.4 61 36

39 Gorse 703 50 18.5 6.8 45 53

40 Heather 704 50 19.7 6.0 37 61

41 Brushwood 701 25 18.8 6.3 41 57

42 Buckwheat 702 84 18.5 9.1 59 38

Abbreviations: W - Moisture content (wet basis)
GE - Gross energy (heat of combustion)
ME - Metabolisable energy

DOMD - Percentage of digestible organic matter in dry matter
FE - Faecal energy loss (expressed as % of GE)

Source: MAFF (1975), pp.70-75.

Calculations: GE,ME ,DOMD as given in source;

U (% w.b.) = 100 - where DMC is
dry matter content (g/kg) given in source;

FE (% Of GE) = 100 - 1.05 DOMD
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Taple A2.2 Heats of combustion of various parts of rice plant fed to animals

No. Part of Plant Moisture Heat of Ash
content combustion content

(w.b.) (d.b.) (d.b.)

% MJ/kg %

Whole grain (rough rice)
1 Guyana 13.1 17.9 5.2

2 India - 16.9 9.3

3 USA 10.5 17.8 4.5

Husked grain (brown rice)
4 Philippines - 18.2 1.5

5 Vietnam - 18.4 1.0

Milled grain (polished rice)
6 Nigeria 9.9 18.1 0.6

7 Iraq 12.5 18.3 1.4

8 Parboiled, Malaysia 12.6 18.0 0.9

Husks

9 Malaysia 13.0 16.1 14.0

10 Egypt 10.1 15.1 21.6

Bran

11 Iraq 8.9 20.4 12.8

12 Philippines 11.2 18.5 13.8

13 Guyana 11.3 14.7 28.1

Polishings
14 USA - 19.5 5.8

Mill feed*
15 Nigeria 11.0 18.4 11.3

16 Zimbabwe 5.4 16.8 15.0

Germ

17 Spai n - 21.8 9.8

Straw

18 Phi 1ippines 19.2 15.1 21.4

19 India 6.2 15.7 16.5

* Mixture of all waste products obtained in milling of rice; contains approximately 60% husks, 35% bran
and 5% polishings. Waste from one-stage mills similar in composition. As animal feed can replace up
to 75% of hay with good results. (Gohl, (1981), p.335).

Source: derived from Gohl, (1981), pp.78, 336.
Calculations: Ash content as given in source;

Moisture content, W (% w.b.) = 100 - DM where DM is dry matter content (% w.b.) given
in source;

Dry basis heat of combustion, E , calculated from proximate composition given in
source by Equation 2.20.



APPENDIX3CALCULATIONOFAVERAGEENERGYVALUESFORHUMANFOODS
No

Description

Source

Reference
Edible

Proximatecomposition

Heatof

Available
S/EA

tosource
portion aspurch¬

Moisture
Protein
Fat

Carbo¬

Fibre

combustion (calculated)
energy (asgiven)

Page

Item Ho.

hydrate (excl. fibre)Cc)

ased

w

(P)

(P)

CD)

w.b. (P)

d.b.
(V

%

percentedibleportion(w.b.)
MJ/kg

1

Rice(Oryzasativaj
1/1

Raw,undermilledor home-pounded

W

7

40

_

12.4

7.1

0.9

78.5

0.5

15.5

17.7

14.9

1.04

1/2

Raw,milled,polished
w

7

41

-

11.8

6.4

0.8

80.1

0.3

15.5

17.6

15.3

1.01

1/3

Raw,hand-pounded

G

61

16

100

13.3

7.5

1.0

76.7

0.6

15.3

17.7

14.5

1.06

1/4

Raw,milled

G

61

17

100

13.7

6.8

0.5

78.2

0.2

15.4

17.9

14.4

1.07

1/5

Raw,polished

PS

42, 43

19

-

11.7

6.5

1.0

86.8*

2.4

15.8

17.9

15.4

1.03

1/6

Average(5)

100

15.5

17.8

14.9

1.04

1/7

Parooiled

w

7

44

-

12.4

6.7

1.0

78.7

0.6

15.5

17.7

15.2

1.02

l/o

Parboiled,hand-pounded
G

61

14

100

12.6

8.5

0.6

77.4

-

15.4

17.7

14.6

1 .05

1/9

Parboilea,milled

G

61

15

100

13.3

6.4

0.4

79.0

0.2

15.2

17.5

14.5

1 .05

1/lu

Parboilea,lightly milled

P

6-7

21

100

12

8.0

1.5

77

0.5

15.7

17.8

14.8

1.06

1/11

Average(4)

100

15.5

17.7

14,8

1.05

2

Kurakkan(Eleusine coracana)
2/1

wnolegrain

W

6

35

-

11.7

6.2

1.4

77.0

1.2

15.3

17.4

13.9

1.10

2/2

Wholegrain

G

61

13

100

13.1

7.3

1.3

72.0

3.6

15.1

17.4

13.7

1.10

2/3

Wholegrain

P

6-7

14

100

12

6.0

1.5

75

3.0

15.3

17.4

14.1

1.09

2/4

Meal

P

6-7

15

100

12

5.5

0.8

76

2.4

15.0

17.0

13.9

1.08

2/5

Average(4)

100

15.2

17.3

13.9

1.09

Tablecont/

-P* CO CJ



No

Description

Source

Reference
Edible

Proximatecomposition

Heatof

Available
e/ea

tosource
portion aspurch¬

Moisture
Protein
Fat

Carbo¬

Fibre

combustion (calculated)
energy (asgiven)

Page

Item Ho.

hydrate (excl. fibre)(C)

ased

(w)

IP)

(F)

(D)

w.b. Ce)

d.b.

%

percentedibleportion(w.b.)
M0/kg

3

MaizefZeamays)
3/1

Wholekernel,dried, yellow

W

6

16

-

13.6

9.1

4.2

69.4

2.3

16.0

18.5

14.6

1.10

3/2

Dry

G

61

9

100

14.9

11.1

3.6

66.2

2.7

15.8

18.5

14.3

1.10

3/3

whole

P

6-7

8

100

12

10.0

4.5

71

2.0

16.6

18.8

15.2

1 .09

3/4

Meal,wholeground, ye11ow

W

6

18

-

(12.0)
(9.2)

(3.9)

(72.1)

(1.6)

16.3

18.5

(14.9)

1.09

3/5

Meal,about965; extraction

P

6

9

100

12

9.5

4.0

72

1.5

16.3

18.6

15.1

1.08

3/6

Average(5)

100

16.2

18.6

14.8

1.09

4

Wheat(Tritiaumvulgare; T.aestivum)
4/1

Flour,approx.70%extr. softred

W

9

87

-

12.0

9.7

1.0

76.5

0.4

15.8

17.9

15.2

1.04

4/2

Flour,approx.70%extr. white

W

9

88

-

12.0

8.6

1.0

77.8

0.2

15.7

17.9

15.2

1.03

4/3

Flour,importedfromUSA
W

9

8^90

-

12.0

10.5

1.0

75.8

0.3

15.8

18.0

15.2

1 .04

4/4

Flour,refined

G

62

29

100

13.3

11.0

0.9

73.9

0.3

15.6

18.0

14.6

1.07

4/5

Flour,70%extraction
P

6-7

30

100

13

10.0

1.0

75

tr

15.5

17.9

14.6

1.06

4/6

Average

100

15.7

17.9

15.0

1.05

5

Greengram(Phaseolus aureusorVignaradiata)
5/1

Wholeseed,dried

W

18

189

100

10.6

22.9

1.2

57.4

4.4

16.5

18.4

14.3

1.15

5/2

Wholeseed

G

63

37

100

10.4

24.0

1.3

56.7

4.1

16.6

18.5

14.0

1.19



Description

Source

Reference tosource Page

Item Ho.

Edible portion aspurch¬ ased
%

Proximatecomposition
Moisture (if)

Protein (P)

Fat (P)

Carbo¬ hydrate (excl. fibre)(C)

Fibre CD)

percentedibleportion(w.b.)
Heatof combustion (calculated) w.b. (P)

d.b.

Available energy (asgiven)
MJ/kg

Wholeseed Wholeseed Dhal Average(4;excl.5/4) Blackgram(Phaseoulus mungoorVignarmmgo) Wholeseed,dried Wholeseed Dhal Average(3) Cowpea(Vignaspp.) Wholeseed,dried Vignaaatjang,whole seed Wholeseed Average(3)

P PS G

lD- 11 166- 7

63 18 lO- ll 63 17 63 lO- ll

64

570
38

198
63 34

179
35 51

100 100 100 100 100 100 100 100 100
97

100 100

1222.01.0574.7 1222.01.035.6* (22.0) 10.124.51.259.9 10.621.0 11

24.0

1.6 1.0

59.0 56

10.924.01.459.6 11.5 13.4 10

22.7 24.1

1.6 1.0

22.01.5
56.8 54.5 60

0.8 4.4 4.5 0.9 4.2 3.8 4.0

Tablecont/

16.2 15.0 16.7 16.5 16.4 16.4 16.6 16.5 16.4 16.1 16.7 16.4

8.4 7.1 8.5 8.5 8.4 8.5 8.6 8.5 8.6 8.6 8.6 8.6

13.6 9.8 14.6 14.1 14.4 13.8 14.5 14,2 14.2 13.5 14.2 14.0



Description Lentil(Lensesculenta; L.culinaris) Wholeseed,dried Wholeseed Wholeseed Dhal Average(3;excl.8/3) Potato(Solanumtuberosum) Tuber Tuber Tuber Tuber,old Average(4) Sweetpotato(Ipomoea batatas) Tuber,palevariety Tuber,yellowvariety Tuber Tuber

Source W P PS w G P PS

Reference tosource Page

Item Ho.

18 lO- ll 170- 1

63

187
60

603
41

13143a 75185
8-939 178-639 9

14150a 14151a 75191
3-940

Proximatecomposition
Moisture (U)

Protein (P)

Fat (?)

Carbo¬ hydrate (excl. fibre)(C)

Fibre (?)

percentedibleportion(w.b.)
Heatof combustion (calculated) w.b.d.b. (?)

Available energy (asgiven) CA)

MJ/kg

12.020.20.665.0 10 78.3 74.7 80 75.8 72.3 70.7 68.5 70

24.0

12.223.8 12.425.1
2.0 1.6 2.0 2.1 1.0 1.2 1.2 1.5

1.059.0 1.053.2* 0.759.0 0.1 0.1 tr 0.1 0.3 0.3 0.3 0.3

18.3 22.6 17 20.8* 24.8 26.3 28.2 26

4.0 11.7 0.7 0.4 0.4 0.4 2.1 0.8 0.8 0.8 1.0

Tablecont/

16.1 16.9 16.4 16.4 16.5 3.70 4.33 3.44 4.13 3.90 4.71 5.01 5.34 5.07

18.3 18.7 18.7 18.8 18.6 17.0 17.1 17.2 17.1 17.1 17.0 17.1 16.9 16.9

14.2 14.2 12.9 14.4 14.3 3.43 4.06 3.14 3.72 3.59 4.52 4.81 5.02 4.77



Description

Source

Reference
Edible

Proximatecomposition

Heatof

Available
e/ea

tosource
portion aspurch¬

Moisture
Protein
Fat

Carbo¬

Fibre

combustion (calculated)
energy (asgiven)

Page

Item Ho.

hydrate (excl. fibre)(C)

ased

(v)

(?)

(?)

CD)

w.b. (?)

d.b. Ceo)

%

percentedibleportion(w.b.)
MJ/kg

Tuber

PS

186- 7

664

86

70.0

1.2

0.6

*

21.5

(2.5)

4.29

14.3

3.87

1.11

Average(4;excl.10/5)

89

5.03

17.0

4,78

1.05

hanioc(Manihotesculenta; M.utilissina) Root

W

12

127a

73

65.5

1.0

0.2

31.4

1.0

5.83

16.9

5.65

1.03

Root

G

75

192

-

59.4

0.7

0.2

38.1

0.6

6.83

16.8

6.57

1.04

Root,fresh

P

8-9

34

85

60

0.7

0.2

37

1.0

6.71

16.8

6.40

1.05

Average(3)

79

6.46

16.8

6.21

1.04

Brinjal(Solarium melongena)

t

Purpleandwhite varieties

W

44

494a

91

92.0

1.6

0.3

4.6

1.0

1.45

18.2

1.09

1.33

-

G

77

212

91

92.7

1.4

0.3

4.0

1.3

1.35

18.5

1.00

1.35

-

P

14- 15

102

87

93

1.0

tr

4

1.0

1.09

15.6

0.92

1.18

Average(3)

90

1,30

17.4

1,00

1.30

Lady'sfingers Hibiscusesculentus
W

57

636a

90

89.6

1.8

0.1

6.7

0.9

1.76

17.0

1.30

1.35

Abelmoschusesculentus
G

79

239

84

89.6

1.9

0.2

6.4

1.2

1.83

17.6

1.46

1.25

Hibiscusesculentus
P

16- 17

111

88

90

2.0

tr

6

1.0

1.67

16.7

1.38

1.21

Average(4)

87

1.75

17.1

1,38

1.27

Tablecont/



No

14 14/1 14/2 14/3 15 15/1 15/2 15/3 15/4 15/5 16 16/1 16/2 16/3 16/4 17 17/1 17/2

Description Snakegourd Trichosantesauoumerina; T.anguina T. anguina Average(2) Cucumber(Cucumissativus) Average(4) Pumpkin Cucurbitapepo Cucurbitamaxima CucurbitaSpp. Average(3) Cabbage(Brassicaoleracea var.capitata) White

Source W G P PS

Reference tosource Page

Item Ho.

67739a 81264 43 77

483a 221

14101 ,170-597 1 61 80 16- 17 38 65

672a 255 116 433a 61

Edible portion aspurch¬ ased
90 98 94 80 83 70 77 78 83 79 75 79 85 88

Proximatecomposition
Moisture (?)

Protein (?)

Fat (?)

Carbo¬ hydrate (excl. fibre)Cc)

Fibre (?)

percentedibleportion(w.b.)
94.30.9 94.60.5 96.2 96.3 96 96.4 91.9 92.6 90 93.0 91.9

0.6 0.4 0.6 0.6 0.7 1.4 1.0 1.6 1.8

tr4.0 0.33.3 0.1 0.1 tr 0.1 0.2 0.1 tr 0.3 0.1

2.2 2.5 2

★

1.8 5.8 4.6 8 3.6 4.6

0.5 0.8 0.5 0.4 0.5 0.4 0.8 0.7 0.5 0.8 1.0

Tablecont/

Heatof combustion (calculated) w.b.d.b. (?)

Available energy (asgiven)
£•/£'

MJ/kg

0.98 0.93 0,96 0.64 0.63 0.57 0.53 0.59 1.37 1.28 1.69 1.45 1.25 1.42

17.2 17.3 17.3 16.9 17.0 14.2 14.8 15.7 16.9 17.2 16.9 17.0 17.8 17.6

0.75 0.75 0.75 0.50 0.54 0.50 0.43 0,49 1.13 1.05 1.51 1.23 0.92 1.13

1.31 1.24 1,28 1.28 1.17 1 .14 1.23 1.20 1.21 1.22 1.12 1.18 1.36 1.26

Co
00



No 17/3 17/4 17/5 la 18/1 18/2 18/3 18/4 18/5 18/6 19 19/1 19/2 19/3 19/4 20 20/1 20/2

Description White Average Chilliepepper(Capsicum frutescens) Red,raw Green,raw Red,dried Dry Dried Average (3;18/3to18/5) CookingPlantain(Musa paradisiacal Raw,ripe Green Average(4) Plantain(t-fusa sapientum) Banana,ripe Banana,ripe

Source P
PS

Reference tosource Page

Item No.

59
84

59 84 28 13
80 8-9

106

14- 15 166-584 7

653a 298 654 297 229 141a 253
38 823a 325

Edible portion aspurch¬ ased
80

100
87 90

100 100
69 58 67 61 63 71

Proximatecomposition
Moisture ((/)

Protein
Fat

(P)

(?)

Carbo¬ hydrate (excl. fibre)(C)

Fibre CD)

percentedibleportion(w.b.)
93 90.3

1.5

0.2

1.9Tr

4

★

3.8

0.8 2.7

65.4

6.3

1.4

9.8

15

85.7

2.9

0.6

3.0

6.8

15.3

11.7

12.4

30.3

13.4

10.0

15.9

6.2

31.6

30.2

8

15.0

11.0

33

25.0

68.2

0.9

0.2

29.3

0.4

83.2

1.4

0.2

14.0

0.7

67

1.0

0.2

31

0.3

71.6

1.2

0.3

25.5

0.6

70.1

1.2

0.3

27.2

0.4

Tablecont/
Heatof combustion (calculated) w.b.d.b. (£)

Available energy (asgiven)
MJ/kg

1.25

17.9

0.96

1.30

1.52

15.6

0.93

1.63

1,36

17.2

0.99

1.37

6.27

18.1

4.85

1.29

2.60

18.2

1.21

2.15

15.1

17.8

12.0

1.26

16.7

18.6

10.3

1.62

17.8

19.3

12.2

1.46

16.5

18,6

11.5

1.43

5.34

16.8

4.69

1.14

2.91

17.3

2.68

1.09

5.64

17.1

5.36

1.05

4,63

17,1

4.24

1.09

4.84

17.0

4.18

1.16

5.10

17.0

4.85

1.05E/EA

CO



Description

Source

Reference tosource Page

Item No.

Edible portion aspurch¬ ased

Proximatecomposition
Moisture (&)

Protein (P)

Fat (P)

Carbo¬ hydrate (excl. fibre)Cc)

Fibre CD)

percentedibleportion(w.b.)
Heatof combustion (calculated) w.b. Ce)

d.b. C0)

Available energy (asgiven) CA)

MJ/kg

Banana Average(3)
Mango(Mangiferaindica) Ripe Half-ripe Unripe Ripe Average(5)

Guava(Psidiwnguajava) Allexceptstemsand blossomends Country Fleshandseeds Average(3) Coconut-SeeAppendix17
18- 19 88 88 88

90 18- 19 84 18- 19

131 909a 910a 911a 370 151 875a 347 144

67 67 72 69 68 74 66 70 98

100
80

70 82.6 81.1 82.9 81.0 83 80.6 81.7 80

1.00.3 0.6 0.4 0.6 0.6 0.5

0.3 0.6 0.4 0.4 tr

1.00.4 0.90.3 1.00.4

27 15.4 17.3 14.9 16.9 15 11.7

0.3 0.5 0.2 0.4 0.7 0.8 5.6

11.25.2 135.5
5.00 4.98 2.96 3.31 2.90 3.29 2.81 3,05 3.34 3.12 3.54 3.33

16.7 16,9 17.0 17.5 17.0 17.3 16.5 17.1

Tablecont/

17.2 17.1 17.7 17.3

4.85 4.63 2.59 .2.89 2.51 3.10 2.64 2.75 2.89 2.13 2.43 2.48



Description

Source

Reference
Edible

Proximatecomposition

Heatof

Available
e/ea

tosource
portion aspurch¬

Moisture
Protein
Fat

Carbo¬

Fibre

combustion (calculated)
energy (asgiven)

Page

Item Ho.

hydrate (excl. fibre)(c)

ased

(w)

(P)

(?)

Co)

w.b. (£)

d.b. (y

%

percentedibleportion(w.b.)
MJ/kg

Gingelly(Sesanumindicum) Wholeseeds,dried, blackorwhite

W

28

338

100

5.8

17.2

52.8

14.4

5.4

28.1

29.8

24.4

1.15

Seeds

G

83

281

100

5.3

18.3

43.3

25.0

2.9

26.0

27.5

23.6

1.10

Seeds

P

12- 13

87

100

5

20.0

50.0

16

5.0

27.9

29.3

24.8

1.13

Average(3)

100

27,3

28.9

24.3

1.12

Freshfish(unclassified) Small,whole

W

121

1280

100

73.2

20.0

0.8

0

0

5.11

19.1

3.89

1.31

Freshwater,fillet
P

22

179

100

78

18.0

2.5

tr

-

5.30

24.1

3.97

1.33

Average(2)

100

5.20

21.6

3,93

1.32

Driedfish(unclassified) Small,whole

W

121

1281

100

21.1

58.6

9.4

0

0

17.7

22.5

14.0

1.26

-

P

>2- >3

183

100

20

63.0

6.3

tr

-

17.6

22.0

12.9

1.36

Average(2)

100

17,7

22.3

13.5

1.31

Buffalomilk (orcarabaomilk),fluid, whole

w

144

1546

100

81.0

5.2

8.7

4.3

0

5.37

28.3

4.81

1.12

-

G

106

567

100

81.0

4.3

8.8

5.0

0

5.31

28.0

4.90

1.08

Average(3)

P

26- 27

218

100 100

83

3.8

7.5

4.9

4.67 5.12

27.5 27.9

4.27 4,66

1.09 1.10

Tablecont/



No

Description

Source

23 28/1 28/2 28/3

Egg(Hen) Whole,raw
28/4Average(3) 29Coconutoil 29/1-U 29/2Cookingoil(variousG incl.coconut)

29/3Vegetableoils 29/4Average 30Sugar 30/1GranulatedW 30/2Whitep 30/3Average 30/4CrudebrownW 30/5CrudebrownP 30/6Average 31Jaggery 31/1CaneG 31/2CoconutpalmG 31/3Average

Proximatecomposition
Moisture

w

Protein (p)

Fat (F)

Carbo¬ hydrate (excl. fibre)(C)

Fibre (d)

percentedibleportion(w.b.)
73.7 73.7 74 tr 1.7 tr 5.E

1
3.9 10.3

12.9 13.3 13.0 tr 1.1 0.2 0.4 1.0

11.50.8 13.3 11.50.5 99.9 100.0 100.0 0.3 tr 0.1 0.2

98.3
100

90.8 97 95 83.5

Heatof combustion (calculated) w.b. Ce)

d.b. Ce0)

Available energy (asgiven)
e/e,

MJ/kg

7.72 8.38 7.69 7.93 39.0 39.0 39.0 39.0 16.7 17.0 16.9 15.8 16.5 16.2 16.3 14.5 15.4

29.3 31.9 29.6 30.3 39.0 39.0 39.0 39,0 17.0 17.0 17.0 16.8 16.7 16.8 16.9 16.2 16.6

6.82 7.24 6.61 6.89 36.9 37.7 37.7 37.4 15.9+ 16.7 16,3 14.7+ 16.3 15.5 16.0 14.2 15.1

1.13 1.16 1.16 1.15 1 .06 1.03 1.03 1.04 1.05 1.02 1 ,04 1.07 1.01 1,05 1.02 1.02 1.02

r\j



*Carbohydratemeasuredasequivalentweightofmonosaccharides. tValuesofEAgiveninsourceare3.51kcal/g(14.7MJ/kg)forgranulatedsugarand3.89kcal/g(16.3MJ/kg)for crudebrownsugar;butspecificenergyfactorgivenforcarbohydrateinsugars(WuLeungetal,(1972),p.149)is3.87kcal/g(16.2MJ/kg)whichimpliesvaluesof15.9MJ/kgand14.7MJ/kgrespectively.
ftAsobservedbywriter. SourcesofData W-WuLeungetal(1972) G-Gopalanetal(1977) P-Piatt(1962) PS-PaulandSouthgate(1978) Abbreviations

nodatagiveninsource
()figureinparenthesesgiveninsourceasestimatedorimputedvalue trtrace Calculationofheatsofcombustion E(MJ/kg)=0.24p+0.39F+0.17(c+D),

exceptwherecarbohydratecontentmarkedbyasterisk,when
(2.23)

E(MJ/kg)=0.24P+0.39P+0.155C+0.175D
(2.24)

E='"0£ 0(100-W)

(fromEquation2.10)



494

APPENDIX 4 COMPOSITION AND SIZE OF HOUSEHOLDS INTERVIEWED IN NIKINIGAMA

house- Name
nold (householder's
numoer name in italics)

Household members

Relation
to house¬
holder*

Sex Age

Consumption _

coefficients
Notes

1 P. Sina

Total

2 Dingiriya

Total

Silva

Total

Weerapu liya

Total

Kiriya

Premadasa

Chandrasiri

Total

U

S

DiL

D

W

0

Fi L

Hi L

W

s

GD

S

DiL

M

F

M

M

F

M

F

F

M

M

F

F

M

F

M

F

M

F

M

F

M

F

F

M

h

F

M

M

M

26

24

1

bO

47

22

20

17

12

27

22

5

47

40

62

53

10

14

22

20

51

50

29

22

20

16

13

11

7

1

0.8

0.2

2

0.8

0.8

1

0.8

0.8

0.8

5

1

0.8

0.4

1

0.8

4

0.8

0.8

0.7

0.8

1

0.8

4.9

1

0.8

0.8

1

1

0.8

0.8

0.7

0.5

7.4

1

1

0.5

2.5

1

1

1

1

1

0.5

5.5

1

1

0.5

1

1

4.5

1

1

0.5

0.5

1

1

5

1

1

1

1

1

1

0.5

0.5

0.5

7.5

Son of Pulhiriya (HH13)

Brother of Samara (HH16);
owns village shop. During
surveys of firewood and rice
consumption mother (F47)
away, but friend (M60) from
Colombo present, giving same
total household size.

Silva's father, now dead,
was brother of Sira (HH10).
During surveys of firewood
and rice consumption Silva's
brother (M15) was temporary
resident, giving household
size of (6, 5, 5.5).

FiL of S.V. Jamba (HH15).
During surveys of firewood
and rice consumption 4
relatives present from
village 20 km away where
house demolished in build¬
ing of Mahaweli canal;
household size temporarily
inflated to (10, 7.3, 8).

During surveys of firewood
and rice consumption writer
stayed with this family so
household size increased to

(10, 8.4, 8.5). Son (M22)
married daughter (F22) of
Pulhiriya (HH13) April 1978.

Table cont/
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APPENDIX 4 CONTINUED/

house-

nold
nuncer

Name
(householder's
name in italics)

Household members Consumpti on
coefficients

t
Notes

Relation
to house¬
holder*

Sex Age a b Q

6 Vela - M 50 1 1 l

W F 40 1 0.8 l

D F 22 1 0.8 l

D F 20 1 0.8 l

S M 18 1 1 l

D F 16 1 0.8 l

S H 14 1 1 0.5

D F 12 1 0.7 0.5

S M 10 1 0.4 0.5

S M 5 1 0.4 0.5

GS M 6 1 0.5 0.5

Total 11 8.6 8.5

7 Gunauardena - M 26 1 1 1 Fifth of nine children

W F 23 1 0.8 1 of P.H. Kiribaya, now
10 yrs. dead. Navaratne's

s H 1 1 0.2 0.5 wife is elder sister (HH14).
Brother to all in Weera¬
sekera household (HH9).

Total 3 2 2.5

8 Lapaya - M 29 1 1 1 Son of Samara (HH16).
w F 26 1 0.8 1

D F 2 1 0.3 0.5

D F <1 1 0.2 0.5

Total 4 2.3 3

9 Weerasekera - M 30 1 1 1 All children of P.H.

8 M 28 1 1 1 Kiribaya, now 10 yrs.
dead. Gunawardena (HH7)

B M 24 1 1 1 is brother. Navaratne's

Si F 17 1 0.8 1 wife is elder sister (HH14).

Si F 15 1 0.8 1

Total £ 4.6

10 Sira - M 45 1 1 1 Brother of Silva's
w F 40 1 0.8 1 father (HH3). FiL of

Lilaratne (HH21).
s M 22 1 1 1

s H 18 1 1 1

D F 15 1 0.8 1

s M 13 1 0.8 0.5

Total 6' 5.4 5.5

Table cont/
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APPENDIX 4 CONTINUED/

house- Name
hold (householder's
numoer name in italics)

Household members

Relation Sex
to house¬
holder*

Age

Consumption .

coefficients T
Notes

11 S.T. Jamba

Samara

Total

12 P. Samarapuliya

13

Total

PuIhiriya

14

Total

Navara tne

W

S

D

S

s

FiL

40

34

15

10

7

<1

59

48

44

17

15

15

13

11

4

1

53

35

22

20

17

15

12

9

5

<1

41

38

18

15

13

11

9

1

1

0.8

1

0.7

0.5

0.2

1

1

1

1

0.5

0.5

0.5

1

0.5

0.5

0.5

0.5

7

Total

5.2 5.5

1

0.8

0.8

1

0.8

0.8

0.7

0.4

0.2

6.5

1

0.8

0.8

1

0.8

1

0.8

0.6

0.4

0.2

7.4

1

0.8

1

1

0.8

0.7

0.6

5.9

0.5

0.5

0.5

0.5

8

1

1

1

1

0.5

0.5

0.5

5.5

SiL of Samara who lived
with this household and
not in his own at time
of study. This arrange-
appears to be semi-perm¬
anent and may be because
Samara's lands are near
to SiL's house. One of
Jamba's daughters (F12)
living in Samara's house
(HH16) to help with
cooking.

Son of P.H. Sina, rich
landowner living in
Timbirigama. Owns only
tractor in village.

Father of P. Sina (HH1).
D(F22) married Premadasa
(M22), son of Kiriya
(HH5), April 1978. Rice
consumption for this house¬
hold recorded after marr¬

iage took place, when
household size reduced
to (9, 6.6, 7).

BiL of Gunawardena (HH7)
and all in Weerasekera
household, (HH9). Teaches
at school 20 km away.

Table cont/
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House-
nold
numoer

Name
(householder's
name in italics)

Household members Consumption .

coefficients
Notes

Relation
to house¬
holder*

Sex Age a b a

15 S. V. Jamba

W

D

S

S

M

F

F

M

M

40

36

17

13

11

1 1

1 0.8

1 0.8

1 0.8

1 0.7

1

1

1

0.5

0.5

SiL of Weerapuliya (HH4).
President of Village
Cultivation Committee
in 1978. One of daughters
(F14) lives in HH4 to help
with domestic work so not
included here.

D F 9 1 0.6 0.5

D F 7 1 0.5 0.5

S H 5 1 0.4 0.5

? M 6 1 0.5 0.5

Total 9 6.1 6

16 Samara w

s

s

s

s

F

M

M

M

M

45

23

20

17

14

1 0.8

1 1

1 1

1 1

1 1

1

1

1

1

0.5

Samara himself does not
live here but in house
of SiL, S.T. Jamba (HH11).
Father of Lapaya (HH8).
Daughter (F12) of S.T.
Jamba lives here to help
with domestic work.

D F 10 1 0.7 0.5

GD F 12 1 0.8 0.5

Total 7 6.2 6.6

17 ftaiiuainyhe - M 30 1 1 1

W F 26 1 0.8 1

D F 6 1 0.5 0.5

U F 4 1 0.4 0.5

P.H. Pina u M 67 1 0.8 1

Total 5 3.6 4

18 Suddahaluua

w

s

M

F

M

40

35

15

1 1

1 0.8

1 1

1

1

1

Son of Peththi (HH24).
Eldest son (Ml9) lives
with Peththi to help
with domestic work.

D F 13 1 0.8 0.5

S M 11 1 0.7 0.5

S M 9 1 0.6 0.5

S M 7 1 0.5 0.5

s M 5 1 0.4 0.5

Total 8 6.8 6.6

19 Punoha

Total

B

M

M

63

51

1 0.8

1 1

2 1.8

1

1

2

Uncle of Vela (HH6).

I

Table cont/
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House¬
hold
number

Name
(householder's
name in italics)

Household members Consumption
Coefficients'

Notes

Relation
to house¬
holder

Sex Age a b a

20 Sutin - M 25 1 1 1

Dayananda b M 22 1 1 1

Si F 26 1 0.8 1

GM F 70 1 0.8 1

Total 4 3.6 4

21 Lilaratne - M 28 1 1 1 SiL of Sira (HH10)
M F 24 1 0.8 1

D F 5 1 0.4 0.5

Total 3 2.2 2.5

22 K. Samarapuliya
W

M

F

50

31

1 1

1 0.8

1

1

D F 10 1 0.7 0.5

D F 7 1 0.5 0.5

D F 7 1 0.5 0.5

S M 5 1 0.4 0.5

S M 3 1 0.3 0.5

Total 7 4.2 4.S

23 Kiribayya
w

s

s

D

D

M

F

M

H

F

F

57

53

22

19

17

15

1 1

1 0.8

1 1

1 1

1 0.8

1 0.8

1

1

1

1

1

1

S M 11 1 0.7 0.5

S M 11 1 0.7 0.5

Total 8 6.8 7

24 Peththi

Total

GS

F

M

50

19

1 0.8

1 1

2 1.8

1

1

2

Mother of Suddahaluwa
(HH18). GS (Ml9) is son
of Suddahaluwa.

25 Sella - M 35 1 1 1

w F 28 1 0.8 1

D F 6 1 0.5 0.5

D F 6 1 0.5 0.5

M F 65 1 0.8 1

Si i L F 30 1 0.8 1

Total 6 4.4 5

Total over all households 152 117.7 123.5

Table cont/
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* F : father M : mother

S : son D : daughter
8 : brother Si : sister

U : uncle A : aunt

G : grand- (e.g. GS: grandson)
iL : -in-law (e.g. FiL: father-in-law)

+
Consumption coefficients (as defined in Appendix 8)

a - number of persons

b = number of male adult consumption units
a = number of working adult consumption units

Notes: 1) Values of a,b and a given in text for certain households may differ from those
given above due to variations in number of persons living in house.
See notes given for eacn household.

152
2) Average household size: a = -life- = 6.1

117.7

123.5
~Z3

4.7

4.9

Average ratios: = 0,77

to 123.5
TZ * "752"

= 0.81

Average value of b/a assumed in text is 0.75 (see Chapter 5, Section 1).



APPENDIX5DOMESTICLIFEANDPROPERTYINN1KINIGAMA:ASURVEYOF10HOUSEHOLDS(MARCH/APRIL1978) Nameofhouseholder

Silva

Kiriya

Vela

Gunawardena
Lapaya

Weerasekera
Sira

S.T.Jamba
P.Samarapuliya
Pulhiriya

No.ofpersonsinhousehold
5

9

11

3

4

5

6

7

9

10

House Material1

TM

TM

TM

TM

TM

TM

TM

TM

Brickandtile
TM

GrainStore(bissa)?
No

Yes

No

No

No

No

Yes

No

No

Yes

Toilet?

No

Built May1978
No

No

No

No

No

No

No

Yes

Domesticwater Lucationofsupply2

0

C

C

C

P

T

0

P

C

C

Approximatedistance(m)
15

50

30

50

50

200

15

70

50

200

No.ofpitchersperday
-

8

15

12

3

2-3

10-12

5

10

8

Waterusedforbathing?
No

No

Yes

Yes

No

No

Yes

No

Yes

No

Ricemilling Wherepolished? Locationofmill Distancetomil1(km) Modeoftransport No.ofjourneyspermonth Quantityperjourney(bu)
(kg)

Consumerdurables Torch Radio

Mainly mil1 Korapo- tana
2.5 Bicycle

Mainly mil1 Viraku- lama
4.5 Bicycle 3-4 0.5-1.0 10-20

A11at home

Mainly atmill Viraku- lama
4.5 Bicycle 2

1

20

Allat home

Allatmill Korapotana 1.0
Onhead 4

1

20

2
1

Mainly mi11 Virak./ Andere. 3.0/8.5 Bicycle 2 2

40

A11at home

Allatmil1 Palukulama
4.0 Bicycle

4
1

20

Mainly mill Korapotana 1.5
Onhead 8 0.5

10

2
1

Tablecont/



Nameofhouseholder

Silva

Kiriya

Vela

Gunawardena
Lapaya

Weerasekera
Sira

S.T.Jamba
P.Samarapuliya
Pulhiriya

No.ofpersonsinhousehold
5

9

11

3

4

5

6

7

9

10

Bicycle

1

1

0

1

1

0

1

0

1

0

Petroitiaxlantern

0

1

0

0

0

1

1

0

1

1

tart

0

1

0

Share3

0

1

1

0

1tractor trailer

0

Sewingmachine

0

1

0

0

0

0

0

0

0

1

Gun

1

0

0

1old,not working

0

0

0

0

1

0

Wallclock

0

0

0

0

0

0

0

0

0

0

Other

1backpack sprayer,1kerosene poweredwater pump1*

1two-wheel tractor5

Livestock Buffaloes -totalnumber

0

7

0

0

0

0

14

0

0

15

-numberabletoplough
2

3-4

2

-numberofcalves

0

4

1

Oxen
-totalnumber

0

Hadone0 butstolen

0

0

Had1but stolen

0

0

0

5

-numberofcows

0

0

5

-numberofcalves

0

0

0

Fruittreesandherbs6 Mango

1

1

0

4

3

30new

3

0

2new

2

Papaw

5

5

5

7

0

5

3

0

0

2

Tablecont/



Nameofhouseholder

Silva

Kiriya

Vela

Gunawardena
Lapaya

Weerasekera
Sira

S.T.JambaP,
,Samarapuliya

Pulhiriya

No.ofpersonsinhousehold
5

9

11

3

4

5

6

7

9

10

Lime

1

1

1

1new

2

0

11

0

0

1

Coconut6

0

3

5

0

0

0

35

0

1+2new

2

Jak

0

1

0

0

3

10new

1

0

0

0

Orange

0

0

2new

0

0

0

0

0

0

0

Plantain

25

0

0

3

0

15+85new
25

0

0

2

Other

1tama¬ rind

1guava, 1beli

Notes: 1TM-Timberandmud 20-ownwell C-communalwell P-privatewellbelongingtootherhousehold T-tank(TimbirigamaWewa)
3SharescartbelongingtofatherwithbrotherWeerasekera *VilliersMark12/24strokeagro-industrialengine. Manufacturer:TheEnfieldIndiaCompany,Madras. Capacity:120cc Powerrating:1.95B.H.P.at3400r.p.m. Fuel:Kerosene(2.25I),petrolstart. Fuelconsumption:approx.0.61/h. Cost:Rs3250inAnuradhapura,1977.

5Yanmardieseltiller,ModelYC60,6h.p.,madeinJapan;boughtAnuradhapura,Rs9500,1976. 6Excludingcommunaltrees,particularlycoconuts,ongangoda.
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APPENDIX 6 ESTIMATED AGRICULTURAL PRODUCTION FOR A TYPICAL

VILLAGE HOUSEHOLD IN 1978

Crop Area Yield Production Market
Price

Val ue

ha kg/ha kg Rs/kg Rs

Irrigated paddy 0.6 2000 1220 1.8 2160

Chena:

Maha season

Chi 11ies

(1977/78)

0.4 (150 dry
( 50 green

60
20

17)
5)

1120

Kurakkan 0.2 1000 200 0.8 160

Mai ze 0.1 1000 100 1 100

Cowpea 0.1 400 40 3.5 140

Yala season (1978)

Gingelly 0.6 500 300 4 1200

Home garden:

Fruit trees < 0.1 120

TOTAL 5000

Note: The areas given above are estimated to be typical for a
household of six persons in the village and are not
necessarily equal to the average areas cultivated. The
yields are also the estimated average yield obtained by
most farmers, but not all. The market prices for paddy,
dried chillies, kurakkan and cowpea are the average
producer prices obtained in the Anuradhapura district
in 1978, as given in DCS, (1980b), p.14. For other
crops not listed in this source, the prices are the
average prices reported by farmers in the village.
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APPENDIX 7 VOLUMETRIC MEASURES USED FOR GRAINS AND OTHER

SEED CROPS IN SRI LANKA

At the time of the present study, volumetric measures were

still widely used in Sri Lanka for measuring grains and other
seed crops. However, the government co-operatives, which issue
food rations and purchase agricultural produce from the farmers,
had already changed over to the metric system of weights, and
since that time the new measures have been widely adopted for
the purchase and sale of practically all agricultural produce.
Nevertheless, most farmers continue to think in terms of the
old measures, and these are still generally used for domestic
purposes.

Under the old system, the basic unit of measurement is the
bushel (bu), which has a volume of 8 U.K. gallons, or about
36.37 I (1). It is usually measured by means of a specially
made wooden box with a volume of half a bushel; the seed is poured
into the box (without any shaking) and then levelled flat, ideally
with a wooden roller. For the smaller quantities of grain sold
in shops and boutiques for domestic consumption, the bushel was

divided into 32 measures. Specially made metal tins were used
for this purpose; these had a volume of 1 quart or 2 pints (1.137 I)
and were either filled level or heaped. Generally, a measure of
rice obtained on the open market would be a heaped measure, but the
rice ration used to be issued in level measures, and this is also
the unit employed in most government surveys of food consumption.

For measuring still smaller quantities of grain, three other
specially made tins are available; these have volumes of one

half, one quarter and one eighth of a measure tin. For domestic
purposes, most families in Sri Lanka use an old Parakum condensed
milk tin, which has a volume of 0.313 I, or 10 per cent more than
the quarter measure tin. The volume of grain contained in both
of these tins is referred to as a chundu (or hundu, as it is
pronounced in Sinhalese), although most people are aware that the
two tins are not of exactly the same size. Again, a distinction
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is made between a heaped chundu (hundu piruna) and a level chundu
(hundu kepila). It appears that the chundu was used in Sri Lanka
as a rough measure of grain long before the British introduced
the imperial system of weights and measures. According to

Davy (1821), who travelled in the Kandy district at the beginning
of the last century, the hundu, or hundua as it was apparently
called then, was equal to a handful (2). The level chundu is
indeed about the maximum quantity of grain which can be held in
the palms of both hands joined together.

Conversion of volume measures to weights

(i) Paddy

The weight of a bushel of paddy depends to a certain extent
on the variety, smaller-grained varieties generally having larger
bushel weights. The average weight used by the DCS (3) is 46 lb
(20.9 kg). In the village the most widely grown variety is
BG 34-8, which, according to most of the local farmers and shop¬
keepers, has a bushel weight of 48 lb (21.8 kg). The Central
Rice Breeding Station at Batalagoda, where BG 34-8 was developed,
gives a bushel weight of 46 lb (20.9 kg) for this and several other
similar varieties (4); but in tests carried out at the Rice
Processing Development Centre in Anuradhapura (5), Jayaratne and
Vellanki measured a bushel weight for BG 34-8 of only 43.5 lb (19.7 kg).
Part of the reason for the difference between the last two weights
is the fact that Jayaratne and Vellanki have mistakenly assumed a

3
bushel volume of 1.25 ft (35.4 I), which is 2.7 per cent less than
the correct volume (6).

The farmers in the village measured the volume of their grain
crops by means of one of the half-bushel boxes described above.
The weight of BG 34-8 paddy contained in one of these boxes was

found by the writer to vary between 10.4 and 11.1 kg, equivalent
to a bushel weight of 20.8 to 22.2 kg. Various quantities of
paddy which had been previously measured by the village farmers,
and stored in sacks, were also weighed, and it was found that the
weight per reported bushel varied from 20.8 to 22.6 kg. However,
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the paddy in the village usually contains a considerable quantity
of foreign matter - mainly dust from the threshing floor and

empty husks. One sample of paddy in the village was found to
contain 0.6 kg of foreign matter per bushel. Accordingly, it
was decided to assume an average bushel weight in the present
work of 21 kg (46.2 lb), which agrees closely with the officially
adopted figure.

(ii) Rice

Rice is usually sold by the measure. It is generally
accepted that 1 level measure weighs 2 lb (0.91 kg) and that there
are 32 level measures and 28 heaped measures of rice per bushel.
The weight of a heaped measure is, therefore, about 1.04 kg,
or one seventh more than that of a level measure. Measurements

carried out by the writer with a standard one measure tin showed
that the weight of a heaped measure of BG 34-8 rice from the village
varied between 1.025 and 1.06 kg, with an average of 1.04 kg.
There was no apparent difference in weight between raw and parboiled
rice but it was found that freshly milled rice, on account of the
higher proportion of broken grains, had a heaped measure weight of
1.10 to 1.15 kg. However, such rice would never be cooked until
the smaller fragments had been separated out.

With the standard half measure, quarter measure and one eighth
measure tins, it was again found that the heaped weight of grain
was about one seventh more than the level weight. This property
is related to the fact that the diameter of these tins is equal
to their height. The Parakum tin, on the other hand, has the
same diameter as the quarter measure tin (71 mm), but is about
10 per cent greater in height. A level Parakum tin of BG 34-8
rice was found to weigh 250 + 10 g, which is indeed about 10 per

cent more than the \ lb (227 g) weight of a level quarter measure.

A heaped Parakum tin of BG 34-8 rice weighed 285 + 10 g.

These weights and the approximate dimensions of the tins
used are summarised in Table A7.1.



TableA7.1VolumesanddimensionsofmeasuringtinsusedinSriLankaandaverage equivalentweightsofrice
Sizeoftin

Volume engraved ontin

Equivalent volume

Approximate dimensions*

Calculated volume

Averageweight ofricemeasuredf

Height

Diameter

Heaped

Level

fl .01

1

mm

mm

I

9

g

Measure

1quart

40

1.137

113

113

1.133

1040

905

Halfmeasure

1pint

20

0.568

90

90

0.572

520

455

Quartermeasure(chundu)
\pint

10

0.284

71

71

0.281

260

225

Eighthmeasure

lgill

5

0.142

56

57

0.143

130

115

Parakumtin(chundu)
-

-

-

79

71

0.313

285

250

*Tonearestmm tTonearest5g
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(iii) Other crops

No measurements were made in the village on the densities
of other crops. The average bushel weights used by MOAL and
DCS are given in Table A7.2. The corresponding level measure

weights are also given (7).

Notes and references

1) Dresner, (1971), p.17.
2) Davy, (1821), p.181.
3) Nanayakkara, (1978), Personal communication, Agriculture

Division, Department of Census and Statistics, Kubra Building,
Bambalapitiya, Colombo.

4) Central Rice Breeding Station, (1978), unpublished data,
Batalagoda, Ibbagamuwa, Sri Lanka.

5) Jayaratne and Vellanki, (1977), Table 1, p.12.
6) Ibid., p.6.
7) For the level measure weights of other grains and seeds the

reader is referred to the data compiled by Nicholls, (1945),
p.357, Appendix 17.
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Table A7.2 Bushel weights for various crops:

average figures used by MOAL and DCS

Crop Weight Equivalent weight
lb/bu kg/bu kg/m3 kg per

level measure

Rice (milled) 64 29 800 0.91

Paddy (unhulled) 46 21 570 0.65

Maize 58 26 720 0.82

Kurakkan (seed) 56 25 700 0.79

Sorghum 56 25 700 0.79

Mi 1 let 56 25 700 0.79

Mysore dhal 59 27 740 0.84

Green gram (Mung) 61 28 760 0.86

Cowpea 65 29 810 0.92

Gingelly (seed) 57 26 710 0.81

Ground nut (hulled) 65 29 810 0.92

Source: Nanayakkara, (1978), Personal communication, Agriculture
Division, Department of Census and Statistics, Kubra Bldg.,
Bambalapitiya, Colombo.

Note: 1 bushel (bu) = 8 U.K. gallons (~ 36.37 I)
= 32 level measures.
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APPENDIX 8 CONSUMPTION COEFFICIENTS AND MEASURES OF HOUSEHOLD SIZE

In comparing the consumption of food or the energy intake of
different groups of people, it is clearly important to take account of
the different levels of consumption of men, women and children. This
is particularly so for smaller groups, such as families, where there
may be considerable variations in per capita consumption because of,
for example, the presence of differing numbers of children. The eas¬

iest way of taking these different levels of consumption into account
is to express them as fractions of some reference level, say that of an

adult male. The total consumption of some group may then be obtained
by summing all the appropriate fractions (or coefficients) and multi¬
plying the result by the reference level of consumption expressed in
the desired units.

The simplest set of coefficients is that obtained by assigning
the value unity to working adults and the value one half to children
and elderly non-working adults, irrespective of sex. It is not critical
where exactly the divisions into age groups are made, but according to
the Department of Census and Statistics of Sri Lanka (1):

"Since about 75 per cent of those aged 10-14 years are full-
time students (as reported at the 1963 and 1971 censuses)
and since for many years the age of compulsory retirement
in the public sector as well as most private sector establish¬
ments has been 60 years the age group 15-59 years, which
accounts for over 90 per cent of the labour force in 1971, may
well be considered the working age group."

Thus all those in the age group 15-59 (inclusive) may be counted
as unity and all others, children up to 14, and adults over 59, as one

half. According to the results of the 1971 Census (2), 53.7 per cent
of the rural population of Sri Lanka are in the age group 15-59, and
hence on average, over the whole rural population, one caput can be
considered equivalent to 0.77 working adult consumption units.

The scales of coefficients compiled for use in dietary surveys

are based on relative levels of energy consumption. The set of co¬

efficients shown in Table A8.1 was produced by the League of Nations in
1932 (3); it was intended for international use and was based on the



Table A8.1 League of Nations family coefficients

Age Coefficient

Male Both sexes Female

0 to 2* 0.2

2 and 3 0.3

4 and 5 0.4

6 and 7 0.5

8 and 9 0.6

10 and 11 0.7

12 and 13 0.8

14 to 59 1.0 0.8

Over 59+ 0.8

* Age group 0 to 2: from birth up to and including the
twenty-fourth month of age.

t Source gives 'over 60' but this corrected to preserve
continuity of age groups.

Source: League of Nations, (1932), p.480.
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equivalence,

1 unit = 3000 kcal (12.6 MJ).

The conference of experts which put forward this table made the
following comments regarding its construction (4):

"The Conference was of the opinion that no scale can be
formulated which will correspond accurately to the relative
food consumption of family members in all countries and in
all circumstances of life. The variation from country to
country and from class to class, of such factors as height,
weight, age of maturity, amount of work performed by women
and children, etc.- factors which influence the relative
food-intake of different family members - make it impossible
that one particular scale should everywhere correspond with
real values.

It was therefore agreed that in putting forward an 'inter¬
national 1 scale, no pretence of absolute accuracy could be
made.

The meeting considered that the international scale should
be of a comparatively 'uncomplicated' nature (i.e. the co¬
efficients chosen should be simple fractions, and differen¬
tiation according to age and sex comparatively limited.)"

According to Passmore (4), this table has not been bettered, but
the results of family dietary surveys and statements of available food
supplies are now often expressed in terms of per capita consumption,
and family coefficients are not used.

The FA0/WH0 report on energy and protein requirements produced
in 1973, puts forward a procedure for estimating energy requirements
at a national or population level, and although family coefficients
are not used, the effect of body size, age and sex on estimations of

per capita energy requirements is considered (5). The breakdown of
energy requirements by age and sex is compared for two different
populations, one having a weight and age structure typical of a

developing country, and the other typical of a developed country (6).
It is significant that although the adult weights, and consequently
the adult energy requirements, given for the former are substantially
lower than those for the latter, the energy requirements for children
in the different age groups up to 12 years, are identical for the two
populations. The following explanation is given in the report (7):
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"When the weight of the children in a given national
population is below that of the reference children
(i.e. those of the developed country), it is recommended
that the requirements of the reference children should
be maintained in order to allow for catch-up growth, and
that the adjustments for weight should not be made
On the other hand, it is recommended that the requirements
of adolescents (age groups 13-15 and 16-19 years) be ad¬
justed according to the weight of the adults in the pop¬
ulation group being considered, because these adolescents
would probably not increase in height with additional die¬
tary energy."

The set of family coefficients which would be obtained from the
table of energy requirements given for the developing country (adult
male weight 53 kg, adult female weight 46 kg) is shown in Table A8.2.

The coefficients obtained for children are clearly much higher
than those given in the League of Nations table; the main reason for
the differences is that the FAO/WHO figures are based on the assum¬

ption that all children could and should attain the weights observed
amongst children in the developed nations.

However, what is recommended as a requirement according to some

concept of adequate nutrition, may be quite different from what is
actually observed. The table of coefficients desired here is one

that relates to actual rather than recommended levels of food cons¬

umption for children. Accordingly, it was decided that the League of
Nations table was the more suitable.

Although the unit of consumption given for the League of Nations
scale is the 'historic' 3000 kcal (12.6 MJ), the actual energy con¬

sumption of a male adult in the village is rather less than this. How¬
ever the use of a different unit of consumption does not invalidate the
scale as it is the relative levels of consumption which are important.

In the present work, three consumption coefficients, or measures

of household size, are referred to. These are:

a = number of persons

b = number of male adult consumption units
(according to League of Nations coefficients)



a = number of working adult consumption units
(15-59 years: 1 unit; other ages : 0.5 units)

In the text, the term unit refers to the measure b above, that is
the male adult consumption unit. As shown in Chapter 5, Section 1,
it may be assumed, on average, that

1 caput = 0.75 units.

Notes and References

1) DCS, (1974), p.64.
2) Calculated from data given in DCS, (1975c), pp.10-12, 15.
3) League of Nations, (1932), p.480.
4) Passmore, R., (1978), Department of Physiology, University

of Edinburgh, personal communication.

5) FA0/WH0, (1973), pp.78-84.
6) Ibid., p.82.
7) Ibid., p.79, Section 7.2.3.
8) Ibid., p.82; see also p.80, Table 26.



Table A8.2 FAO/WHO family coefficients

Age Coefficient

Male Both sexes Female

1 + 0.45

1-3 0.56

4-6 0.75

7-9 0.90

10-12 1.07 0.98

13-15 0.97 0.85

16-19 1 .02 0.79

20-39 1.00++ 0.75

40-49 0.95 0.72

50-59 0.90 0.68

60-69 0.80 0.60

70 and over 0.70 0.53

t Includes an allowance for pregnancy and lactation
ft Male adult in the age group 20-39 taken as one unit,

equivalent to 2440 kcal (10.2 MJ). All coefficients
calculated to two decimal places.

Source: Calculated from table of energy requirements
produced by FAO/WHO for a developing country
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APPENDIX 9 WEIGHTS AND HEIGHTS OF VILLAGERS

The weights and heights of a small sample of men, women and
children from the village were measured in February 1978. The weights
were determined by means of a 200 lb (90 kg) Salter spring balance
graduated in divisions of 1 lb (0.45 kg). The balance was hung from
a tree and a wooden plank was suspended horizontally below it on ropes.

Several young children were afraid to be weighed but most of the
villagers who were asked, including the women, were quite willing, and
found the operation a source of great amusement. An allowance for
clothing of 1 kg for adults and 0.5 kg for children was deducted from
the weights recorded on the balance.

Heights were determined by means of a 2 m long pole which had
been graduated by the writer in intervals of 0.01 m. Most of the
villagers were barefoot and those who were not,were asked to remove
their footwear before their height was measured.

The results of these measurements are shown in Tables A9.1 to

A9.3. The ages given, particularly for the older people, are only
approximate. Birthdays are not celebrated or even remembered in the
village and no one appeared to have any interest in recording their age.

However, it was not uncommon for a villager to give an immediate answer

when asked about his age or the age of a member of his family. Further

questioning about the order of events in his life or in the family
history, and their relationship to other outside events, often evinced
a number of inconsistencies which were difficult to explain. It should
be pointed out, however, that it was not a perverse desire to confuse,
but rather a genuine desire to please, which caused this misleading
directness of reply.

The results of the 1971 population census in Sri Lanka show
clearly that ages over 30 which are an exact multiple of five are

reported abnormally often (1). This is almost certainly due to the
fact that as people in Sri Lanka grow older they become less and less
certain of their exact age and are only able to estimate it to the
nearest five years. Fortunately, the ages of all the villagers are

given in the household lists compiled under the food rationing scheme.
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Table A9.1 Weights ana heights of male adults in village

Age (1978) Weight Height
(y) (kg) (m)

20 49 1.62

22 44 1.63

22 43 1.68

26 57 1.74

27 52 1.69

50 51 1.69

51 44 1.59

62 48 1.58

65 44 n.m.

Mean 38.3 48.6 1.65

SD(n-l) 18.4 4.36 0.0560
n 9 9 8

n.m. - not measured.



Table A9.2 Weights and heights of female adults in village

Age (1978) Weight Hei ght

(y) (kg) (m)

20 44 1.52

22 47 1.64

23 n.m. 1 .64

26 46 1.53

30 46 1.57

50 51 1 .58

53 36 1.48

Mean 32.0 45.0 1.56

SD(n - 1) 13.7 4.98 0.0605

n 7 6 7

n.m. - not measured

Table A9.3 Weights and heights of children in village

Sex Age (1978) Wei ght Height
(y) (kg) (m)

F 4 11 0.90

M 7 18 1.16

M 9 20 1.25

M 11 21 1 .27

M 13 33 1.52

F 14 35 1 .46
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These lists were available for consultation at the District

Revenue Office in Anderegoda. However, there were often considerable

discrepancies between the information recorded in these lists and the
information supplied directly by the villagers; these discrepancies
occurred not only over ages but also over family size and even over

the name of the householder. The villagers generally decried the
officially recorded information as inaccurate even though ages were

supposedly checked by reference to birth certificates when possible.
Accordingly, the ages given in the tables are only estimates, based
on the reported ages and the writer's own observations.

References

1) DCS, (1975c), Table 6, pp.10-12.
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APPENDIX 10 THE RELATIONSHIP BETWEEN HUMAN ENERGY

EXPENDITURE AND DOPY WEIGHT

It is commonly assumed that total daily energy requirements, and
rates of energy expenditure in particular activities, are roughly
proportional to body weights. Yet a review of the evidence on which
this assumption is based, and of other relevant data, shows that
although there is, in some instances, a high linear correlation be¬
tween energy expenditure and body weight, it is rarely reasonable to
assume direct proportionality.

The 1973 FA0/WH0 report on energy requirements gives tables showing
the effect of body weight and occupation on the total daily require¬
ments of men and women (1). Four occupational levels of activity are

considered - light activity, moderately active, very active and excep¬

tionally active; body weights are tabulated at 5 kg intervals,
ranging from 50 kg to 80 kg for men and 40 kg to 70 kg for women. For
both sexes, and for each level of activity, it is clear that the energy

requirements are directly proportional to the body weights given (2).
The constants of proportionality for moderately active men and women,

0.19 MJ/kg and 0.17 MJ/kg respectively, are in fact recommended for
use in estimating energy requirements at a national or population
level (3). Differing levels of activity within a population are
accounted for separately by the use of correction factors (4).

Although it is not explicitly stated in the text of the report,
it is obvious that daily energy requirements are assumed to be directly
proportional to body weight. The relationship between energy expend¬
iture and body weight is, in fact, discussed only briefly (5):

"Many laboratory studies show that the energy expended in moving
the whole body, as in walking, or in moving large muscle masses,
such as in cycling, has a high correlation with body weight.
The correlation exists because those parts of the body concerned
in such movements - the legs and the arms - are related to the
body mass. There is a less marked, but still significant,
relationship with gross body weight when the movements involve
smaller muscle masses, e.g.,the limited arm movements with only
a minor degree of physical effort characteristic of many forms
of housework and light industry."
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The only reference cited is the work of Durnin and Passmore, (1967),
where it is explicitly assumed that energy expenditure is directly
proportional to body weight (6). Measurements of energy expenditure
made on individuals of varying body weight are thereby converted to
standard measurements which refer to a 65 kg man or a 55 kg woman.

Durnin and Passmore (7) refer to the results of only one study,
reported by Mahadeva, Passmore and Woolf (1953), which appear to

support the assumption of direct proportionality. In this study,
which was carried out by Mahadeva as part of his doctoral thesis at

Edinburgh University, measurements of energy expenditure in two stand¬
ardised operations were made on a group of 50 male and female subjects
of different races and of varying weight and age. The two operations
were walking, which was carried out for 10 minutes on an indoor track
at a uniform speed of 3 mi/hr (4.8 km/h), and stepping onto a 10 in
(25.4 cm) stool at a rate of 15 steps per minute, again for a period
of 10 min (8). According to Durnin and Passmore (7), a statistical
analysis showed that the energy expenditure in the first operation
was directly related to body weight, the regression line being,

E = 0.047 W + 0.02
w

where Ew is the energy expenditure in kcal/min
and w is the body weight in kg.

This regression equation may be rewritten as,

Ew = 0.047(W + 0.43),
which shows thatE can reasonably be taken as directly proportional to
W over an average range of body weights of, say, 40 to 80 kg. Reference
to the original paper (9), and to Mahadeva's thesis (10), shows, unfort¬
unately, that Durnin and Passmore have misquoted the constant term in
the regression line, which should be 1.02 and not 0.02. The regression
line can then be written as,

E = 0.047(^+22), (A10.1)w

which makes the assumption of direct proportionality less reasonable.
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Nevertheless, in his thesis, Mahadeva (11) summarises his results as

follows:

"The metabolic cost of standardised stepping and walking
•has been determined in 50 subjects and shown to be prop¬
ortional to body weight."

A more careful description of the results is given in the paper by
Mahadeva, Passmore and Woolf:

"In the case of stepping, energy expenditure may be taken
as directly proportional to body weight. In walking,
the regression line is also linear but does not pass
through the origin."

Durnin and Passmore (1967) do not, however, make any reference to
the results of the stepping test. The regression equation given
for stepping (9, 10) may be expressed as,

E = 0.066 W (A'10.2)
s

where £g, like E , is measured in kcal/min. An analysis of the
original data on the energy expenditure measured for each of the 50
subjects (12) shows that the correct regression equation is,

E = 0.063 W + 0.25
s

or, E = 0.063(f/ + 4.0). (A10.3)s

However, over the range of body weights 40 to 80 kg, the difference
between the values of ^predicted according to Equations A10.2 and A10.3
is not more than five per cent. Equation A10.2 is, in fact, that of
the least-squares line constrained to pass through the origin.

In addition to the error described above, it transpires that what
is referred to as "body weight" in Mahadeva's thesis (13), and in the
paper by Mahadeva, Passmore and Woolf (14), is the total weight of the
subject plus the weight of his clothes and of the Kofranyi-Michaelis
instrument used to measure his oxygen consumption. The extra weight
of the clothing and apparatus was 7 - 8 kg. If w' is now taken to
refer to the naked body weight, so that,
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W +7.5,
n

the regression equation for walking, Equation A10.1, becomes,

E
w 0.047(W + 29) (A10.4)

and similarly the regression line for stepping, Equation 10.3 oecomes,

Neither of the above lines can reasonably be taken to show that energy

expenditure is directly proportional to body weight. In both of the
above cases, however, the linear correlation coefficient (r) is relat¬
ively high, 0.86 for walking and 0.94 for stepping. On the basis of
this evidence it is, therefore, reasonable to assume a linear relat¬

ionship between energy expenditure and body weight but not direct prop¬

ortional ity.

Other measurements support this conclusion. Furthermore, it appears

that the ^-intercept of the regression line, which relates energy expend¬
iture in a particular activity to body weight, is always negative, although
its magnitude shows considerable variation between different activities.
Measurements of energy expenditure made by Mahadeva on a variety of
activities carried out at work, and during recreation, by 20 coal miners
and 10 clerks, are summarised in Table A10.1. The ^-intercepts of the
regression lines are all negative and vary in magnitude between 8 and 291
kg. The latter figure refers to the operation of loading, where one would
not expect energy expenditure to be proportional to body weight. Never¬
theless, considering that the loads carried are unlikely to have exceeded
70 kg, it is surprising to find the energy expenditure proportional to
the body weight plus 291 kg, although the correlation coefficient is very

low. Of the remaining six activities, only three, walking, girdering

(or timbering) and hewing, involve any movement of the body. The average

magnitude of the ^-intercept for these three activities is 18 kg. The
body weights used in calculating these regression equations appear to be
the naked body weights; they are recorded in "net lbs" (15) and the
average weight of the 30 subjects, all male adults, is 65 kg (16).

E
s 0.063{Wn + 11). (A10.5)
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Table AT0.1 Correlation between energy expenditure and body weight
of miners and clerks in various activities.

Occupation Activity Number of
(C = clerks; observations

M = miners)

Linear corre- Regression line
lation co- in form£= p(w + q)
efficient

P <7

c & M Lying 28 0.62 0.014 32

c & M Sitting 59 0.31 0.010 97

c & M Standing 35 0.59 0.023 12

c & M Walking 29 0.46 0.057 27

M Gi rdering 18 0.56 0.077 8

M Hewing 18 0.51 0.083 19

M Loading 20 0.20 0.020 291

Units: E = Energy expenditure in kcal/min.
W = Net body weight in kg.

Source: Derived from Mahadeva, (1953), Tables 35, 36, between pp. 43,44.
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Durnin and Passmore (17) have used the results of a number of
independent studies to construct a table showing the energy expenditure
involved in walking at various speeds for persons of different body
weights. A statistical analysis of the data in this table showing the
relationship between energy expenditure and gross body weight for differ¬
ent speeds, is presented in Table A10.2. The x-intercepts of the
regression lines are all negative and vary in magnitude between 18.4 and
23.2 kg. with an average of 20.5 kg. According to Passmore (18), the
gross body weight includes the weight of a normal amount of clothing,
say 3 kg, but no measuring apparatus. It would appear, therefore, that
in the table produced by Durnin and Passmore, the energy expenditure in
walking is proportional, on average, to the naked body weight plus about
24 kg.

Comparing the various sources of data above, it is reasonable to

suggest that the energy expenditure in activities requiring movement
of the whole body is proportional to the naked body weight plus about
20 kg. For other activities, such as lying, sitting and standing,
Mahadeva's results (Table A10.1) show that the ^-intercept varies
considerably in magnitude, from 12 kg for standing to 97 kg for
sitting. However, energy expenditure is only weakly correlated to body
weight for the latter activity (r = 0.31). It would be more acceptable
to assume that the energy expenditure in these activities is proportional
to the body weight plus 20 kg than to the body weight alone.

Measurements of energy expenditure in various activities are usually
corrected according to the body weight of the subject involved so that
the measurements may be expressed in kcal/min/65 kg man or kcal/min/
/55 kg woman. Other reference weights are sometimes used but in all
cases the corrections to the measured data are made on the assumption
that energy expenditure is directly proportional to body weight. On
this basis, the energy expenditure in some activity of a village man

weighing 50 kg will be a fraction 50/65, or 0.77, of the energy expend¬
iture given for the same activity for the reference 65 kg man. On the
other hand, if energy expenditure is assumed to be proportional to
body weight plus 20 kg, the appropriate fraction will be 70/85, or

0.82, which would give an energy expenditure seven per cent higher than
in the former case. This difference is small, however, when compared



Table A10.2: Correlation between energy expenditure and body weight
for walking at different speeds.

Speed of
walking

(mi/h)

Li near

correlation
coefficient

Regression line in
form E = p(w + q)

y

p q

2 0.999 0.035 18.4

2.5 0.999 0.041 21.4

3 0.999 0.047 20.9

3.5 0.997 0.053 23.2

4 ooo 0.064 18.7

Units: E = Energy expenditure in kcal/min.
W = Gross body weight (incl. clothing) in kg.

P

Source: Calculated from Durnin and Passmore, (1967), p.42, Table 3.7.
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to the accuracy of +15 per cent which Durnin and Passmore (17) esti¬
mate for their table of energy expenditures in walking in relation to

body weight and speed. Besides, if the original measurements of

energy expenditure were made on subjects with an average weight of
50 kg, the former method would clearly give a more accurate estimate
of the energy expenditure by a 50 kg man than the latter method.
Accordingly, it was decided that in the present work, for the purpose

of estimating the energy expenditure of the villagers in various
activities, it would be assumed that energy expenditure is directly
proportional to body weight. Nevertheless, the validity of the latter
assumption remains suspect. It is only because it has already been
used in compiling most of the data available on energy expenditure
and because, in the present work, it does not significantly reduce
the accuracy of estimations of energy expenditure that its use is
justifiable.

The relation between total daily energy expenditure and body
weight is more difficult to quantify than the above relation because
of the problems involved in standardising all the activities carried
out during a day. As pointed out earlier, the FA0/WH0 report on

energy requirements assumes that the relationships are exactly the
same. In other words, all other factors, sex, age and level of

activity, being constant, total daily energy expenditure will be
directly proportional to body weight. However, in a study of the
energy intake and expenditure of 204 adults in New Guinea, Norgan et
al (1974) found that the correlation between daily energy intake
and body weight was very low (19). The study was carried out in two
different villages, one near the coast and one in the highlands.
The correlation coefficients for the men in these villages were 0.43
and 0.16 respectively, and for the women 0.04 and 0.16 respectively.
Norgan et al comment on these results as follows (20):

"These low correlation coefficients are remarkable. Many
of the calculations of energy requirements, and much of
the basic assumption in relation to factors of importance
in energy balance, rely upon the probability that body
mass plays a significant role in energy expenditure. All
things being equal, a 100 kg man will expend twice as much
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energy in a day as a 50 kg man. Assuming that they will each
have an energy intake approximately equal to their energy
expenditure, the general conclusion should be that there
ought to be a high correlation between body mass and energy
intake. However, in almost all populations which have been
investigated this correlation has been low, seldom showing
a coefficient above +0.4. The reason has often been supposed
to reflect differing amounts of body fat between individuals
and different levels of physical activity, so that a heavy
person might also be a fat person and perhaps less active. In
these New Guinea populations the circumstances would appear
to have been almost ideal for demonstrating the dependence
of energy intake on body mass. There were no complicating
social factors - everyone lived in the same type of dwelling,
ate the same foods, and led the same sort of life. Everyone
was moderately active physically and everyone was lean. Yet,
even in this homogeneous group the correlations between energy
intake and body mass are low. This is an unexpected and
upsetting finding and must cast some doubt on the validity
of using body mass as a highly important factor in calculating
energy requirements."

Somewhat higher correlations, from 0.34 to 0.79, were found between
total daily energy expenditure and body weight (21). It was observed
(22), however, that the constant terms in the regression lines relating
these two quantities are so variable that 'again the usefulness of
body mass as a parameter of general applicability appears doubtful.'

Despite this, Norgan et al (22) consider that it is reasonable
to relate the energy expenditure in a specific activity to body
weight. Two reasons are given. Firstly, the correlation is usually
high and secondly, there is no other simple way of comparing measure¬

ments made on individuals with different body weights. Although it
is not explicitly stated, it is obvious that direct proportionality
is assumed. Individual measurements are adjusted according to a

standard body weight of 65 kg for men and 55 kg for women.

In conclusion, it must be said that the data available on the

relationship between energy expenditure and body weight are confusing.
The correlation is always positive but is sometimes very low, part¬

icularly for total daily energy expenditure. The ^-intercept of the

regression line (that is, the body weight corresponding to zero energy

expenditure) is often significantly different from zero and nearly
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always negative. The accuracy of the data available is not sufficiently
high to justify the use of any complicated formulae. It is also un¬

reasonable to suggest a different type of relationship for different
types of activity, or for total daily energy expenditure as opposed
to energy expenditure in a specific activity. For some time now energy

expenditure, whether in a single activity or over a whole day, has
been taken as directly proportional to body weight. Until more acc¬

urate data are available and until the subject has been more thoroughly
investigated it seems best to continue using this simple assumption.
Accordingly it is used throughout the present work.

Notes and References

1) FAO/WHO, (1973), p.31, Tables 3,4.
2) In all cases the linear correlation coefficient is greater than

0.999 and the ^-intercept of the regression line is less than
0.4 kg in magnitude. These deviations from perfect proportion¬
ality are due to rounding errors in the table.

3) FAO/W'HO, (1973), p.79, section 7.2.4.
4) iDid., p.83.
5) Ibid., p.26.
6) Durnin and Passmore, (1967), p.30.
7) Ibid., pp.40-41.
8) Mahadeva, Passmore and Woolf, (1953), p.226.
9) Ibid., p.229.

10) Mahadeva, (1953), Table 6, between p.22 and p.23.
11) Ibid., p.25.
12) Ibid., Table 5, between p.22 and p.23, or Mahadeva, Passmore

and Woolf, (1953), p.228.
13) Mahadeva (1953), p.22.
14) Mahadeva, Passmore and Woolf, (1953), p.227.
15) Mahadeva, (1953), Table 9, between pp.28, 29.
16) Ibid., Table 37, between pp.44, 45.
17) Durnin and Passmore, (1967), pp.41, 42.
18) Passmore, R., (1981), Department of Physiology, University of

Edinburgh, personal communication.
19) Morgan et al (1974), p.321.
20) Ibid., pp.321-322.
21) Ibid., p.331.
22) Ibid., p.332.
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APPENDIX 11 AGRICULTURAL CALENDAR FOR VILLAGE

Jun - Aug : Clearing chena lands for Maha season cultivation.

Aug - Sep : Burning chenas.

Sep - Oct : Sowing and transplanting Maha season chena crops -

kurakkan, rice, chillies, maize, green gram, black
gram, cowpea, vegetables.

Oct - Dec : Weeding (and applying fertilizer to) chena crops;

ploughing and sowing paddy fields.

Dec - Mar : Guarding and harvesting Maha season chena crops.

Jan - Mar : Clearing and planting chena lands with gingelly
(sesame) for Yala season.

Feb - Apr : Reaping Maha paddy crop.

Feb - Jun : Threshing and winnowing Maha paddy crop.

Mar - Apr : Ploughing and sowing small extent of paddy fields
for Yala season cultivation (if enough water in
tank).

Jun - Jul : Harvesting Yala season gingelly crop.

Jul - Aug : Harvesting Yala season paddy crop.



APPENDIX 12 FOOD CONSUMPTION DATA FOR SRI LANKA

Table A12.1 Estimated consumption of selected foods - 1973 Consumer Finance Survey

No Food Unit of
measurement

Rural sector

(excluding estates)
All
island

Income for 2
months,
Rs201-400 per
spending unit1,2

Overal1
average3

Overal1
average"

All figures per capita per year

1 Rice5 kg 82 88 87

2 Kurakkan5 kg 8.6 4.9 3.6

3 Other grains5 kg 3.8 3.0 3.3

4 Wheat flour kg 14 13 17

5 Bread kg 16 16 17

6 Ohal kg 2.7 2.9 3.0

7 Other pulses kg 0.24 0.34 0.43

8 Hanioc kg 5.4 4.8 4.0

9 Sweet potatoes kg 0.70 0.89 0.78

10 Potatoes kg 0.60 1.1 1 .3

11 Other yams kg 0.66 0.82 0.78

12 Onions kg 1.5 1.8 2.0

13 Green chillies kg 2.9 2.9 2.8

14 Dried chillies kg 0.47 0.63 0.65

15 Other vegetables kg 21 23 22

lb Lime fruit number 39 41 41

17 Plantains
j number 1 .8 5.8 7.4

18 Other fruits

19 Coconuts number 81 85 82

20 Meat kg 0.56 1.2 1.7

21 Fresh fish kg 3.3 4.9 5.6

22 Dried fish kg 2.4 2.9 2.6

23 Fresh milk5 I 2.7 5.7 8.0

24 Tinned milk kg 0.35 0.58 0.70

25 Eggs number 4.0 11 14

26 Coconut oil6 I 2.5 3.2 3.9

27 Sugar kg 9.4 11 11

28 Jagyery kg 0.25 0.14 0.31

29 Salt kg 3.5 3.3 3.3

30 Coriander kg 1 .0 1.0 1 .0

31 Tea kg 1.4 1.4 1.5

32 Coffee kg 0.058 0.11 0.15

33 Toddy5 I 2.2 3.3 3.1

Source: Rural sector (1)
A11 island (2).

Notes: 1 Data in source given for nine two-monthly income groups, ranging from Rs 0 - 50 to over
Rs 3000 per spending unit. Income group Rs 201-400 considered to be most probable for
villagers in present study at time of survey, January - iiarcri 1373 (see Chapter 4, Section 5).

2 Sample size (3): 1,114 spending units (29% of total for rural sector)
4,874 persons (24% of total for rural sector)
(4.4 persons/spending unit)

3 Sample size (3): 3,803 spending units
20,432 persons
(5.4 persons/spending unit)

Table cont/
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

lb

17

18

19

20

21

22

23

24

25

26

27

28

29
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* Sample size (4): 5,363 spending units
28,587 persons
(5.3 persons/spending unit)

5 Data on grains given in measures, assumed to be level measures (as for ration rice).
Conversion to weights carried out using average figures given in Appendix 7, Table A7.2:
for rice 0.91 kg/level measure, for kurakkan 0.79 kg/level measure, for other grains
0.8 kg/level measure.

6 Data on fresh milk, coconut oil and toddy given in bottles. In Sri Lanka, 1 gallon (UK)
= 6 bottles; hence 1 bottle = 0.758 I.

A12.2 Estimated consumption of selected foods - 1969-70 Socio-economic Survey

Food Unit of
Measurement

Rural sector

(excluding estates)

Income under
Rs200 per
household per
month1 ,2

Overal1
average2

All
island

Overal1
average2

All figures per capita per year

}

Rice

Kurakkan

Other grains
Wheat flour

Bread

Dhal

Other pulses
Manioc

Sweet potatoes
Potatoes

Other yams

Onions

Green chillies

Dried chillies

Other vegetables3
Lime fruit

Plantains

Other fruits

Coconuts

i-iea t

Fresh fish

Dried fish

Fresh milk''

Tinned milk

Eggs
Coconut oil''

Sugar

Jaggery
Salt

kg

kg

kg
kg

kg
kg

kg
kg
kg

kg
kg

kg
kg
kg
number

number

number

number

kg

kg

kg
I

kg
number

I

kg
kg
kg

89

4.5

14

16

3.5

1.1

9.5

1.6

0.87

0.93

6.5

2.0

2.0

32

28

5.2

88

1.1

4.9

3.6

2.6

0.11

4.2

3.5

15

0.16

5.0

99

3.0

13

19

3.8

1.4

6.7

1.3

1.5

0.87

7.5

2.0

2.0

36

54

10

94

2.4

8.1

3.8

7.1

0.11

14

4.0

18

0.22

4.8

95

2.4

15

20

4.0

1 .5

5.3

1 .0

1 .7

0.71

7.8

2.0

2.1

35

60

9.7

91

2.9

8.2

3.5

8.8

0.22

17

4.4

18

0.16

4.8

Table cont/



No Food Unit of
Measurement

Rural sector

(excluding estates)
All
island

Income per Overall
Rs 200 per average2
household per
month1'2

Overal1
average2

All figures per capita per year

30 Coriander kg 1.3 1.4 1.4

31 Tea kg 1.3 1.4 1.4

32 Coffee kg 0.065 0.14 0.15

33 Toddy- I 4.6 4.9 4.8

Source: Rural sector (5).
All island (6).

Notes: 1 Data in source given for six monthly income groups ranging from under Rs 200 to over
Rs 1,000 per household. Income group< Rs 200 considered to be most probable
for villagers in present study at time of survey, November 1969 - October 1970
(see Chapter 4, Section 5).

2 Sample size (7):
Rural sector: Income <Rs 200 : 1,615 households

All income groups : 3,657 households
All island: All income groups : 9,694 "

All island and rural sector : average of 5.9 persons per household (8).
3 Data on leafy vegetables given in "bundles" rather than pounds. Equivalent

weights of bundles given elsewhere (9).
* Data on fresh milk, coconut oil and toddy given in bottles. In Sri Lanka,

1 gallon (UK) = 6 bottles; hence 1 bottle = 0.758 I.

Notes and References (Appendix 12)

1) CBC, (1974b), TaDle S 591, pp.498-499.
2) Ibid., Table S 589, pp.494-495.
3) iDid., Table S 582, p.487.
4) Ibid., Table S 580, p.485.
5) DCS, (1973b), Table no. 24.2, pp.177-180.
6) Ibid., Table no. 24.0, pp.169-172.
7) DCS, (1977a), Table 1, p.iii.
8) DCS, (1973b), Table no. 1.0, p.l.
9) DCS, (1977a), Table no. 16, p.29.



APPENDIX 13 PADDY CULTIVATION IN NIKINIGAMA: A SURVEY OF 10 FARMERS

(MAHA 1977/78)

Table A13.1 Areas cultivated

Name of Reported areas cultivated (acres) Estimated actual+
farmer — area cultivated

(householder) Pahala Wewa Timbirigama Total (total)
Wewa

PW * AW * PW * AW *

acres acres acres acres acres ha ha

Si lva 2.375 0 0 1.5 3.875 1.57 1.15

Kiriya 0.5 0 0 0 0.5 0.20 0.12

Vela 1.0 0 0 1.0 2.0 0.81 0.64

Gunawardena 0.5 0.5 0 0 1.0 0.40 0.32

Lapaya 0 0 0 1.0 1.0 0.40 0.40

Weerasekera 0 0 0 2.0 2.0 0.81 0.81

Sira 1.0 0 2.0 2.0 5.0 2.02 1.85

S.T. Jamba 0.5 0 0 0 0.5 0.20 0.12

P. Samarapuliya 0 0 0 2.0 2.0 0.81 0.81

Pulhiriya 1.25 0 0 0.5 1.75 0.71 0.49

Total 7.125 0.5 2.0 10.0 19.625 7.94 6.71

* PW - Purana Wela

AW - Akkara Wela

+ Total reported area of fields in Purana Wela below Pahala Wewa found to be
75 per cent greater than actual area (see Chapter 6, Section 2). Average
correction factor of 0.57 (1/1.175) applied to reported areas in this tract.
Other areas assumed correct.
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Table A13.2 Seed sown

Name of
farmer

(householder)

Variety Total
quantity
sown

Quantity
bought
outside
village

Total
cost

Source of
remainder

Distance
to collect

Reported
sowing
rate

Home Other
farmer

Bicycle Foot

bu bu Rs bu bu bu- km * bu/acre

Si lva BG34-8 7.75 5 210 2.75 0 26 0 2

Kiriya BG34-8 1 0 0 1 0 0 0 2

Vela (BG34-8
(BG11-11

2

1

0

1

0

50

2

0

0

0

0

0

0

2

2

1

Gunawardena jBGll-11
(BG34-8

1

1

0

1

0

45

0

0

1

0

6.5

2

0

0

2

2

lapaya BG34-8 2 2 100 0 0 4 0 2

Weerasekera BG34-8 4 0 0 4 C 0 0 2

Sira BG34-8 10 0 0 10 0 0 0 2

S.T. Jamba BG34-8 1 0 0 0 1 0 2 2

P. Samarapuliya BG34-8 4 0 0 4 0 0 0 2

Pulhiriya BG34-8 3 3 120 0 0 0 12 1.7

Total - 37.75 12 525 23.75 2 38.5 16 -

* Distance from farmer's house to source of paddy (km) multiplied by volume of paddy carried (bu)
and summed over all sources.

Note: 1 bu = 1 bushel = 8 UK gallons (36.37 I).
For BG34-8: 1 bu = 21 kg (see Appendix 7).
For BGU-11: 1 bu = 22 kg (small-grained variety; reported weight at CRBS 48 lb/bu).



Table A13.3 Fertilizer applied *

Name of
farmer
(householder)

Quantity Cost Distance to collect .

and type of transport
Rate of
application

++

kg P.s km kg/ha

Si lva 100 116 7 (tractor) 87

Kiriya 50 56.2 7 (bullock cart) 417

Vela 50 52 2 (foot) + 7 (bus) 78

Gunawardena 44 57.4 7 (bicycle) 138

Lapaya 0 0 0 0

Weerasekera 50 52 2 (foot) + 7 (bus) 62

Si ra 200 208 7 (bullock cart) 108

S.T. Jamba 0 0 0 0

P. Samarapuliya 0 0 0 0

Pulhiriya 75 78 2 (foot) + 7 (bus) 153

Total 569 619.6 _

* All urea.

T
All fertilizer bought in Anderegoda, 375 kg of total at government co-operative.

Quantity applied divided by estimated actual area cultivated (see Table A13.1).



Table A13.4 Herbicide applied

Name of
farmer
(householder)

Type Quantity *
(total)

Cost Number of
applications

Time to
spray

oz kg Rs man-days

Silva M50 f 32 0.91 40 1 2

Kiriya - 0 0 0 0 0

Vela
( M50 +
| Hedanol +

8

3

0.23

0.09

20

22.5

2

2

n.r.

n.r.

Gunawardena M50 + 12 0.34 15 1 n.r.

lapaya Surcopur 16 0.45 36 1 1

Weerasekera
( M50 +
[ 3-4-DPA

16

16

0.45

0.45

21.5

n.r.

1

1

n.r.

n.r.

Sira M50 f 48 1.36 60 1 3

S.T. Jamba - 0 0 0 0 0

P. Samarapuliya - 0 0 0 0 0

Pulhiriya M50 ' 16 0.45 20 n.r. n.r.

Total - 167 4.73 235 + - 6 +

n.r. - not reported.

* 60 oz (1.7 kg) of total bought at government co-operative in Anderegoda.

Active ingredient MCPA.

Active ingredient 3-4-DPA.
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Table A13.5 Pesticide applied

Name of
farmer
(householder)

Type Quantity * Cost Number of
applications

Time to

spray

oz kg Rs man-days

Si lva Lebaycid 32 0.91 92 2 4

Kiriya Folithion + 8 0.23 36.5 2 1

Vela Lebaycid 6 0.17 37.1 1.5 ++ n.r.

Gunawardena Supersumithion + 8 0.23 32.5 1 n.r.

Lapaya Lebaycid 8 0.23 18 1 1

Weerasekera Lebaycid 12 0.34 27 2 n.r.

Sira Lebaycid 48 1.36 108 2 6

S.T. Jamba Lebaycid 6 0.17 13.5 1 n.r.

P. Samarapuliya - 0 0 0 0 0

Pulhiriya Endrex 16 0.45 n.r. n.r. n.r.

Total - 144 4.08 364.6 + - 12 +

n.r. - not reported.

* 82 oz (2.32 kg) of total bought at government co-operative in Anderegoda.

+
Active ingredient Fenitrothion.

++ 1 application on half of land (1 acre), 2 applications on other half.
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APPENDIX 14 CHENA CULTIVATION IN NIKINIGAMA

Table A14.1 Areas sown under chena crops, 1977/78 Maha season

Name of
farmer
(householder)

Number in
household

Chena
number

Chi1 lie Highland
paddy

Kurakkan Maize Cowpea Other Total

All areas in hectares

Silva 5 1 0.54 0.20 0 0.17 O.Ol 0.02 1.04

Kiriya 9 1 0.29 0 0 0.04 O.Ol 0 0.44

2 0.81 0 0 0.18 0.02 O.Ol 1.02

3 0.03 1.2 0.4 0.1 0.1 0 1.83

1-3 (1.23) (1.2) (0.4) (0.32) (0.13) (0.01) (3.29)
Vela 11 1 0.2 0 1.0 0 0 0 1.2

Gunawardena 3 1 0.4 0 0 0 0 0 0.4

Lapaya 4 1 0.2 0 0 0.4 0 0 0.6

2 0 0 0.6 0 0 0 0.6

1-2 (0.2) 0 (0.6) (0.4) 0 0 (1.2)
Werrasekera 5 1 0.4 0 0 0 0.4 0 0.8

2 0.4 0 0 0 0 0 0.4

3 0.4 0 0 0 0 0 0.4

4 0.15 0 0 0 0.05 0.4 0.6

1-4 (1.35) 0 0 0 (0.45) (0.4) (2.2)
Sira 6 1 0.4 0 0.4 0 0 0 0.8

S.T. Jamba 7 1 0.1 0 0.2 0.4 0.1 0 0.8

P. Samarapuliya 9 0 0 0 0 0 0 0 0

Pulhiriya 10 1 0.4 0.2 0.2 0.2 0 0 1 .0

Dingiriya 6 1 0.8 1.6 0.2 0.4 0.2 0 3.2

Weerapuliya 6 1 0.40 0.44 0.40 0.46 0.08 0.07 1.8S

Navaratne 7 1 0.3 0 0 0 0 0 0.3

2 0.4 0.4 0.4 0.2 0 0 1.4

3 0 0 0 0 0 0.2 0.2

1-3 (0.7) (0.4) (0.4) (0.2) 0 (0.2) (1-9)
Samara 7 1 0.2 0 0.2 0 0.04 0 0.44

Sutin 4 1 0 1.2 0 0 0 0 1.2

TOTAL 99 22 6.92 5.34 4.0 2.55 1.01 0.7 20.52

Notes: 1) Areas measured by writer (with tripod and alidade) given in italics (to nearest 0.01 ha).
Other areas reported by farmers in acres and converted to hectares (1 acre = 0.4 ha).

2) Areas given in parentheses are sub-totals for farmers cultivating more than one chena.
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Table A14.2 Reported total production of chena crops, 1977/78 Maha season

Name of
fa rme r

(householder)

Chena
number

Chillie * Highland
paddy

Kurakkan Maize ^ Cowpea

All weights in kilogrammes

Si lva 1 103 + 56 530 - 350 n.r.

Kiriya 1 125 + 0 - - n.r. 27

2 164 + 57 - - 200 68

3 3 + 0 1490 340 n.r. n.r.

1-3 (292 + 57) (1490) (340) (200 +) (95 +)
Vela 1 34 + 34 - 1000 - -

Gunawardena 1 68 + 45 - - - -

Lapaya 1

2

18 + 0

; 560

300

;
1-2 (18 + 0) - (560) (300) -

Weerasekera 1

C

3

4

109

113

72

n.

+

+

+

. r.

27

91

45 -

- -

86

n.r.

1-4 (295 + 163 +) - - - (86 +)
Si ra 1 23 + 0 - 360 - -

S.T. Jamba 1 7 + 0 - n.r. 400 35

P. Samarapuliya 1 - - - - -

Pulhiriya 1 32 + 53 250 200 200 -

Total production (kg) 871 + 408 2270 2460 1450 216

Total area cultivated (ha) 4.,67 1.7 2.6 1.35 0.53

Average yield (kg/ha) 187 + 87 1340 950 1070 410

n.r. - not reported.

* Weight of dried chillies plus weight of greeen chillies.

x
1

Weight of dried maize produced plus half estimated loss of production due to harvesting
of immature cobs.

1 Areas given in Table A14.1.

Notes: 1) Chillie and cowpea production reported in pounds and converted to kilogrammes.
Production of other crops reported in bushels and converted to kilogrammes using
weights given in Appendix 7, Table A7.2.

2) Weights given in parentheses are sub-totals for farmers cultivating more than
one chena.



Table A14.3 Reported areas sown under gingelly (sesame), 1978 Yala season

Name of Number Chena Replanted New Total
fa rme r in number area * area area

(householder) household (ha) (ha) (ha)

Si lva 5 1 1.0 0.8 1.8

Kiriya 9 1 0.4 0.1 0.5

2 0.8 0.3 1.1

3 0 0 0

1-3 (1.2) (0.4) (1.6)
Vela 11 1 0.2 0.4 0.6

Gunawardena 3 1 0 0.6 0.6

Lapaya 4 1 0.6 0 0.6

2 0.6 0 0.6

1-2 (1.2) 0 (1.2)
Weerasekera 5 1 0.8 0 0.8

2 0.4 0.3 0.7

3 0.4 0.4 0.8

4 0 0 0

1-4 (1.6) (0.7) (2.3)
Sira 6 1 0.8 0.8 1.6

P. Samarapuliya 9 1 0 0 0

Total 52 6.0 3.7 9.7

* Area cleared and replanted after cultivation during Maha season with other
chena crops.

Notes: 1) Areas reported by farmers in acres and converted to hectares (1 acre = 0.4 ha).

2) Areas given in parentheses are sub-totals for farmers cultivating more than
one chena.
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APPENDIX 15 MAPS OF CHENAS SURVEYED IN VILLAGE

(Data summarised in Table 7.1)

i 1 1 1 i

Chena operator: Si 1 va

Total area of chena = 10860 m2
Total area under crops = 10375 m2
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Map 2

Chena operator: Kiriya household/Chena 1
(operated by son Chandrasiri with assistance from
younger brothers)

Total area under crops = 4360 m2
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Map 3

Chena operator: Kiriya household/Chena 2
(operated by Kiriya and son Premadasa)

Total area under crops = 10170 m2
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Map 4

Chena operators: Weerapuliya and S.V. Jamba
(most of chena operated by Weerapuliya and son, except for portion
of chillies operated by S.V. Jamba, as shown)

Maize and
cowpea
1250 m2

Cowpea
140 m2

Chi 11ies
(S.V. Jamba)
2000 m2 /

Kurakkan
and maize

3670 m2
Hut and
clearing
45 m2

""Kurakkan and maize
(partially destroyed by

wild boar)
4350 m2 X

Pahala
Wewa

Hut and
clearing

30 m2

Parti al ly _

destroyed by disease Green
170

gram
m2

Green gram
360 m2

Note: Where two crops
pi anted together division
of areas assumed to be
equal.

Total area under crops = 20340 m2
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APPENDIX 16 WEIGHTS OF FRONDS AND OTHER DEBRIS FROM THE

COCONUT PALM

In addition to fruit, the coconut palm also sheds a number
of fronds, spathes and bunch stalks which can all be used for
firewood. In order to estimate the quantities of matter available
for this purpose it is necessary to know both the average weights
of these parts of the palm (at a given moisture content) and also
the number falling per year.

The leaves, unfortunately, take a long time to dry and until
they are completely dry the moisture content varies considerably
along the length of the leaf, being low at the tip and high at
the bottom end of the petiole. Measurements were made on ten
fronds which had fallen from coconut palms in the garden of a

house about 6 km from the village. The palms were of the typica
variety and all were relatively young (< 30 years). The fronds
were all between 3.5 and 4.5 m long and were of varying decrees of
dryness. The weights measured were as follows:

Weight (kg) Comments

1) 1.1
2) 1.15
3) 1.2
4) 1.35
5) 1.65
6) 2.0
7) 2.7

Very dry, some leaflets missing
" "

, many
" "

, some
"

, few

Dry, no leaflets missing.
Slightly damp, no leaflets missing.
Leaflets and midrib dry, petiole wet;

leaf complete.

8) 2.8 Leaflets and midrib dry, petiole wet;
leaf complete.

9) 2.9 Leaflets and midrib dry, petiole wet;
leaf complete.

10) 3.4 Recently fallen, whole leaft still damp,
petiole very damp; leaf complete.



Further measurements were made on the ninth leaf to determine

the distribution of weight:

Section Weight (kg) Length (m) Dryness

Leaflets

Midrib

Petiole

0.72

0.58

1.60

3.0

1.2

Very dry
Dry

Very damp

Complete frond 2.90 4.2

It is clear from these measurements that whilst the leaflets and

midrib may be dry, the petiole is often still damp, and by the time
it does dry some of the leaflets have often disintegrated or started
to decompose. From this limited number of observations it is
reasonable to suggest that the average air-dry weight of a complete
frond will be about 1.5 kg.

Measurements on dried leaves and cadjans were also made on a

coconut smallholding a few kilometres from Point Pedro on the
north coast of Sri Lanka. Most of the fronds were used to make

cadjans. Three fronds which had not been used were found to

weight 1.0, 1.4, and 1.5 kg respectively; all of them were dry
and complete. Cadjans (comprising the two halves made from one

leaf), which had been made sometime previously and stacked to dry,
were found to weigh between 1.2 and 2.0 kg, with an average of
about 1.4 kg. However, they were all roughly the same length, that
is about 2.6 m, so it is likely that some were drier than others.
Similarly, 15 petioles which had been cut from fronds when the
cadjans were made and which appeared to be completely dry, varied
in weight, according to their size, between 0.5 and 1.0 kg, with
an average of about 0.7 kg. If it is assumed that the tail-ends
of the fronds, which are also cut off when cadjans are made, have
an air-dry weight of about 0.1 or 0.2 kg, then the total weight of
the fronds from which the cadjans were made would be between 1.8
and 3.2 kg. There are two possible reasons for the observed weights
being lower: the cadjans which were weighed may not have been



548

completely dried; alternatively, the 3 fronds which were weighed

may not have been used to make cadjans because they were smaller
than average.

According to Fr£mond et al (1) the leaves of the coconut palm
weigh between 10 and 15 kg and measure 5 to 6 metres in length.
This description presumably refers to optimum growing conditions
and in any case the moisture content of these leaves is not known.
Memon and Pandalai (2) estimate that the leaves on aging palms
may be only about 3.5 m long. Mature fronds taken from 36 healthy
palms of the India Tall variety were found by Pillai and Davis (3)
to have an average oven-dry weight of 1.90 kg, of which the leaflets
accounted for just under 50 per cent. The equivalent air-dry
weight, at a moisture content of 15% d.b., is 2.18 kg. For mature
fronds from coconut palms in Malaya, Georgi and Gunn Lay Teik (4)
quote an average weight, based on estate records of 17 lb (7.7 kg).
The average moisture content of 6 fronds was measured to be 61.6%
(w.b.) which implies that the air-dry weight per frond is about
3.4 kg (m.c. 15% d.b.). In both cases the palms would appear to
be healthier than those in the village with annual yields of 40
and 60 nuts per palm respectively.

In the absence of any further data the average air-dry weight
per frond for the village palms is assumed to be 1.5 kg, divided
as follows:

With regard to the number of fronds shed each year, Pillai and
Davis assume an average of 13 per palm and Georgi and Gunn Lay
Teik an average of 14 per palm. Fr£mond et al (5) point out that:

Leaflets

Mid-rib

Petiole

0.7 kg
0.3 kg
0.5 kg

Complete frond 1.5 kg.

"In unfavourable circumstances the number of leaves in the
crown dec! ines (to 20 perhaps, or even to 10) through
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lengthening of the interval between production of
successive leaves, not by a shortening of the lifespan
of the leaf."

Consequently, in the village the number of fronds produced each
year will be lower than average, probably about 10 per palm.
That the fronds of the village palms are smaller than average,

and the palms in general less productive, is a result both of
their high average age and their poor condition. Cultivated
palms in the same area, with an annual yield of, say, 30 nuts
per palm, should be capable of producing 12 leaves a year, each
with an air-dry weight of about 1.8 kg.

Each leaf on a coconut palm is normally accompanied by an

inflorescence although this may abort before the flowering and
fruiting stages particularly in periods of moisture stress. For
the palms in the village an average of eight spadices per palm
per year may be assumed, although only some of these will actually
bear fruit. Ten dried spadices, each consisting of a sheath
and bunch stalk, were collected at the smallholding near Point Pedro
and found to vary in weight between 0.3 and 0.6 kg with an average

of 0.45 kg. The data given by Pillai and Davis and Georgi and
Gunn Lay Teik, both referred to above, imply air-dry weights per

spadix (m.c. 15% d.b.) of 0.58 kg and 0.40 kg respectively, although
in the latter case only the moisture content was actually measured,
the average weight being derived from estate records. For the
palms in the village it was decided to assume an average air-dry
weight per spadix of 0.35 kg, although for cultivated palms in the
same area the average would probably be about 0.45 kg.

A summary of the above data and an estimation of the total air-dry
weight of the fronds and spadices shed per palm per year is given
in Table A16.1.

References

1) Fr£mond et al, (1966), p.25.
2) Menon and Pandalai, (1958), p.34.
3) Pillai and Davis, (1963), p.83.
4) Georgi and Gunn Lay Teik (1932), pp.360, 362.
5) Frdmond et al, (1966), p.28.



TableA16.1Productionoffrondsandspadices Datafrom Pi11ai and Davis (3)

Datafrom Georgi and GunnLay Teik
(4)

Averagevalues estimatedbywriter
Palmsin vi1lage

Cultivated palmsin samearea

No.palmsperha.

173

124

150

150

Annualproductionperpalm: nuts

40

60

20

30

fronds

13

14

10

12

spadices

13

14

8

12

Averageair-dryweight*(kg); frond

2.2

3.4

1.5

1.8

leaflets

1.1

1.8

0.7

0.8

spadix

0.58

0.40

0.35

0.45

Totalair-dryweightperpalm peryear(kg):fronds

29

48

15

22

spadices

7.5

5.6

2.8

5.4

frondsandspadices
36

53

18

27

*Atamoisturecontentof15%(d.b.).

c_n c_n

o
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APPENDIX 17 HEATS OF COMBUSTION AND PROXIMATE COMPOSITION

OF COCONUT PRODUCTS

Mature coconut kernel

Data on the composition of mature coconut kernel, as given
in various sources of reference, are shown in Table A!7.1. The

figures given by Piatt and Wu Leung et al are average values
derived from the literature, whereas the other data are the results
of actual measurement. Variations in the heats of combustion

calculated for these compositions are due mainly to variations in
the moisture content; the dry basis heats of combustion vary only
between 30 and 32 MJ/kg. There is some doubt regarding the data
given by Jaffa (1903) since he records a heat of combustion of
11.3 MJ/kg (2.712 kcal/g), which is substantially lower than that
calculated here (25.1 MJ/kg). Heats of combustion are not given
by any of the other sources but there is little doubt that the
calculated values are correct to a good approximation. Atwater (10)
actually measured a heat of combustion for coconut oil of 37.9 MJ/kg
(9.07 kcal/g) although Child (11) gives a slightly higher figure
of 38.8 MJ/kg (9.285 kcal/g), which is closer to the average heat
of combustion used for fat in the table. On the basis of this

figure alone, the heat of combustion of coconut kernel for the
composition given by Jaffa should be at least 19 MJ/kg.

The kernel of Nathanael's "standard" nut has an oven-dry

weight of 182 g (see Table 8.1), and assuming that the dry basis
heat of combustion is 31 MJ/kg, the energy content of the kernel
per "standard" nut will be 5.6 MJ. Since the wet weight of the
kernel is 339 g, giving a moisture content of 46% (w.b.), the heat
of combustion of the wet kernel is 17 MJ/kg.

Immature coconut water and kernel

The quantity of kernel or coconut endosperm in an immature
coconut depends on the stage of maturity of the nut at the time it
is picked. However the data available from the literature are

conflicting with regard to the relationship between the age of a
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Table A17.1 Heats of combustion of fresh coconut foods:

comparison of data given in literature

Source of data Proximate composition 1 Calculated heat
of combustion 2

Moisture
(U)

Protein
(P)

Fat
(F)

Total
Carbohydrate

(£+77)
w.b.
(E)

d.b.

<v

per cent (wet basis) MJ/kg

Mature kernel

Gopalan et al (1) 36.3 4.5 41.6 16.6 20.1 31.6

Paul and Southgate (2) 42.0 3.2 36.0 17.3 3 17.8 30.6

Piatt (3) 45.0 4.0 35.0 15 17.2 31.2

Wu Leung et al (4) 51.7 3.2 28.2 16 14.5 30.0

Average (of above) 43.8 3.7 35.2 - 17.4 30.9

Jaffa (5) 19.17 5.25 51.00 23.44 25.1 31.1

Immature kernel

Adriano (6) 75.92 9.41 6.43 7.26 6.0 24.9

Piatt (3) 80 1.5 10.0 7.7 5.6 27.8

Wu Leung et al (4) 84 1.4 3.6 10.3 3.5 21.8

Average 80.0 4.1 6.7 8.4 5.0 24.9

Immature water

Wealth of India (7) 95.5 0.1 0.1 4.0 " 0.70 15.6

Wu Leung et al (8) 94.4 0.2 0.4 4.5 " 0.92 16.5

Average 95.0 0.15 0.25 4.25 0.81 16.1

1 This includes the ash content (A), which may be calculated by difference from the equation

P + F + C + D + A+ V= 100,

given in Chapter 2, p.99.

2 Heats of combustion calculated according to following equations derived in Chapter 2,
except where indicated otherwise (see notes 3 and 4 below):

£(MJ/kg) = 0.24 P + 0.39 F + 0.17 (C+D) (2.23)

and
_ TOO E (from Equation 2.10).'

(100-1/)

3 Carbohydrate fraction comprises 3.7 g_available carbohydrate (C), expressed as monosaccharides,
and 13.6 g unavailable carbohydrate (D), as measured. Wet basis heat of combustion calculated
as follows:

E(MJ/kg) = 0.24 P + 0.39 F + 0.155 C + 0.175 D (2.24).

" According to Child (9), the water of the immature coconut appears to contain a mixture of
monosaccharides (as invert sugar) and disaccharides (sucrose). An intermediate heat of
combustion_o£ 16 MJ/kg (see Chapter 2, Table 2.7) is used therefore for the carbohydrate
fraction (C+D) in Equation 2.23.



coconut (from the time the spathe opens), the quantity of kernel
in it (dry matter content) and its general description (tender/
mature kurumba or kalati). It is estimated from data collected
by Nathanael on two separate occasions (12, 13) that the gelatinous
kernel from a kurumba in the village will weigh, very approximately
about 100 g and contain 15 g dry matter. Assuming the average dry
basis heat of combustion derived in Table A17.1, that is, 25 MJ/kg,
the energy content of the immature kernel per kurumba will be about
0.4 MJ.

The average volume of immature water from a kurumba in the
village has already been estimated in the text (see Chapter 8,
Section 2) to be about 0.4 litres. Assuming the average wet
basis heat of combustion from Table A17.1 implies an energy content
for this water of about 0.3 MJ. Hence the total energy content
of the edible matter from a village kurumba is about 0.7 MJ
although a range of 0.5 to 1.0 MJ is quite likely.

Woody material - shells, husks, leaves, cadjans, spadices

In the absence of any detailed information on these coconut

materials, it is assumed that they have approximately the same

heat of combustion as wood, that is, about 20 MJ/kg in the oven-dry
condition. The moisture contents of air-dry samples of these
materials were found to be little different from those of firewood

and so an average moisture content of 15% (d.b.) has been assumed.
This implies a heat of combustion for the air-dry coconut material
of about 17 MJ/kg.

Summary

The above results are summarised in Table A17.2 ; the energy

contents of the individual woody components of the palm have also
been calculated. It is interesting to note that the energy

content of the edible part of a mature coconut (excluding the water
which is never drunk in Sri Lanka) is about 8 times that of an

immature nut or kurumba. It is clear that in terms of food energy

the opportunity cost of picking an immature nut for drinking is
substantial.
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Table A17.2 Energy content of coconut products in village

Product Wet basis
moisture
content

(U)

Dry matter
weight

Heat of combustion Energy content '

Dry basis Wet basis 1
(E)

MJ/kg MJ/kg

Mature coconut:

kernel 46% 182 g/nut 2 31 17 5.6 MJ/nut 2

Kurumba:

kernel 85% 15 g/nut 25 4 0.4 MJ/nut

wa ter 95% 20 g/nut 16 1 0.3 MJ/nut

Woody material:

husk 13% 3 330 g/nut 2 20 17 6.6 MJ/nut 2
shel 1 II 155 g/nut 2 ll " 3.1 MJ/nut 2
leaf " 1.3 kg/leaf * II " 26 MJ/leaf

cadjan II 780 g/cadjan " II " 16 MJ/cadjan

spadix " 300 g/spadix " II II 6.1 MJ/spadix

,) Calculated from dry basis heats of combustion.

2) "Standard nut" (see Table 8.1).

3) Equal to 15% d.b.

,.) Calculated from air-dry weights used in text (m.c. 15% d.b.): leaf 1.5 kg, cadjan 0.9 kg,
spadix 0.35 kg. (See Appendix 16, Table A16.1.)
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The energy contents of the various parts of the "standard"
coconut are given in Table A17.3. The edible kernel accounts
for 36 per cent of the total energy content, whilst the husk
and shell, which both make good firewood, account for 63 per cent.

Bought nuts are nearly always dehusked, in which case the kernel
accounts for 64 per cent of the total energy. The energy content
of an unhusked "standard" nut is 75 per cent greater than that of
the husked nut and the former yields over three times as much
fuelwood energy (in the form of the husk and shell) as the latter.
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Table A17.3 Energy content of "standard" coconut

Percentage of
total

Husk 6.6 43%

Shell 3.1 20%

Kernel 5.6 36%

Water 0.1 + 1%

Total 15.4 100%

* From Table A17.2.

t Dry matter weight of water from "standard" nut is 6 g, most of
which is carbohydrate. Assuming approximately the same dry
basis heat of combustion as for immature water (16 MJ/kg) gives
an energy content of about 0.1 MJ.
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APPENDIX 18 MAKING CADJANS

The most important use of the leaves from the coconut palm
is in making cadjans. This is done mainly on the coconut

plantations although a few are also made in the villages.
Partially dried leaves which have fallen from the palms are

collected and the petioles and narrowing leaf ends cut off.
The remaining section of each leaf is then split longitudinally
along the rachis, and the two halves are soaked in water for a

day or two until they are supple. They are then taken out and
the leaflets are tightly and neatly interwoven in a criss-cross
pattern. The cadjans so made must be left to dry in the shade;
apparently if they are dried in direct sunlight they become brittle
and start to disintegrate, although once they are properly dried
they can be left in the sun without harm.

Tests carried out by Varma (1) indicated that cadjans made
from dried leaves lasted longer than those made from green leaves
and similarly that soaking the leaves before plaiting considerably
improved their durability. Soaking in saline water was found to
be better than soaking in fresh water. The cadjans made in the
village are from dried leaves soaked in fresh water (at the edge
of the irrigation tank) and presumably this is also true of those
brought from Kurunegala, which is inland. On the other hand,
cadjans brought from Puttalam, which is on the coast, may have
been soaked in seawater. However, Varma's results do not indicate

any great difference in durability between salt water and fresh water

soaking for dried leaves; the main difference is between green

and dried leaves and between soaking and not soaking.

According to the owner of a coconut smallholding on the
north coast of Sri Lanka where a few cadjans were made for sale,
a trained man could make about 10 cadjans an hour. However, a

schoolteacher living near the village, who very occasionally made
cadjans for domestic use, estimated that he could only make three
in an hour. Other sources confirm that this is a reasonable

average for an untrained man. As very few cadjans are made in



the village, it is reasonable to assume that this figure applies
there also. Allowing for the time taken to collect the leaves,

chop the ends off and soak them, it would therefore take a total
of about 30 minutes to make one cadjan in the village.

It is assumed in the present work, as it is in the village,
that one cadjan consists of the two plaited halves of one coconut
leaf. In some Tamil areas a different convention is adopted and
the reasons for this are discussed in Chapter 10, Section 6.

References

1) Varma, (1957), p.31
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APPENDIX 19 PRODUCTION AND CONSUMPTION OF FT RFWOOO TN THE

MAHAWELI DEVELOPMENT AREA: ANALYSIS OF DATA

GIVEN BY WEATHERLEY AND ARNOLD

On the matter of silviculture yields, Weatherley and Arnold
write in their appendix on firewood (1):

"Forest production figures were derived from three sources:
a report on the use of firewood plantations to produce timber
for use in processing tea prepared by the Conservator of
Forests, an FAO report on forest development in Sri Lanka,
and a report to the Energy Policy Project of the Ford
Foundation by Arjun Makhijani. The first two reports
estimate a sustained firewood yield under careful management
from 43 to 100 cu ft per acre per year, while the last
report estimates 15 tons per hectare per year with a 10
year cutting cycle.

A survey by the consultants indicates that an average
cubic yard of cut chopped and split firewood is equal to
between 6 to 9 cwt. For uncut wood an average value of
15 cwt per cu yd is assumed. Using this data the range
of yield is 2 to 6 tons per acre."

The upper limit of 6 tons/acre is clearly derived from Makhijani's
estimate, but the figure of 43 ft3/acre gives a lower limit, assuming
the density of 15 cwt/yd3 estimated for uncut wood, of 1.2 tons/acre,
and not 2 tons/acre. In fact, the density of 15 cwt/yd3, which
is equivalent to 1 t/m3 and is therefore equal to the density of
water, is rather high for air-dry wood. There are only a few
hardwoods which will sink in water when air-dry. Openshaw (2),
for example, assumes that on average 1.4 m3 of wood weighs one tonne
when air-dry, which is equivalent to a density of 0.7 t/m3 (10.5 cwt/yd3).

The possibility that Weatherley and Arnold's figure refers to

green wood can be discounted since they make no distinction between

green and air-dry wood in any of their calculations and since the
heat values which they give are toe high for green wood. If it
is assumed that the average density of wood at an air-dry moisture
content of 15% d.b. is 0.7 t/m3, and that the volume shrinkage in
air-drying green wood is about 5%, then the moisture content of green

wood at a density of 1 t/m3 will be 73% d.b. Taking the heat of
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combustion of oven-dry wood as 20 MJ/kg, the heat of combustion of

green wood at this moisture content will be 11.5 MJ/kg, whereas
the range of "energy equivalents" given by Weatherley and Arnold
for firewood is 3 - 4.25 million kcal/ton or 12.4 to 17.5 MJ/kg
(3).

If, on average, 1 m3 of wood weighs 0.7 t when air-dry, the
figure of 43 ft3/acre quoted by Weatherley and Arnold is equivalent
to 0.84 tons/acre (2.1 t/ha). In fact, although they have derived
a range of yields of 2 to. 6 tons/acre/y in their appendix on firewood,
Weatherley and Arnold assume a range of 3 to 6 tons/acre/y in the
text of their report (4) wihtout any explanation of the difference.
Thus, even if Weatherley and Arnold's density of 15 cwt/yd3 is
taken as correct for air-dry wood, the estimated maximum plantation
areas required to produce a given quantity of firewood each year

will be two and a half times smaller than they should be. The area

of plantation required to produce 250 tons of firewood per year is
not 40 to 80 acres (16 to 32 ha) as stated (5), but 40 to 200 acres

(16 to 81 ha).

With regard to the consumption of firewood in the MDA 2 project
area, Weatherley and Arnold write (6):

"Average consumption figures were obtained both from the
Makhijani report and personal interviews. The former
source indicates cooking requirements of approximately
1/3 ton per capita per year or 2 tons per family of six.
Interview data indicates a demand of about 1 cwt per six
person family per week or 2.5 tons per family per year.
The average of 2\ tons or 6 cu yds per family per year
will be used for further analysis."

It is not clear whether this final figure refers to the total
consumption of wood or only to the consumption of wood for cooking.
Measurements made in the present study suggest that the total
consumption of firewood in Nikinigama, in 1977/78, was equivalent
to about 2.7 t/y for an average household of six persons. Of this,
about 2.4 t/y was for cooking, and the remainder for parboiling
paddy and for minor domestic heating operations (see Chapter 9,
Section 6). The consumption of firewood in the Mahaweli
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Development Area will probably be similar. The colonists will

very likely be able to afford more meals with rice than the

villagers, and rice requires more firewood to cook it than its
substitute, kurakkan. On the other hand, they will probably be
more frugal in their use of firewood because of its being more

scarce than in the village. In addition, bread and other already
cooked foods may be more readily available, and this will reduce
the need for cooking at home. Drinking water is not boiled in
Nikinigama and apparently this is also largely true at present of
the project area considered by Weatherley and Arnold (7). The
possibility that the boiling of drinking water may become common

in the project area is taken into account, but it is predicted that
kerosene rather than firewood will be used for this purpose (8).

Although the consumption of firewood is estimated to be
2.25 tons/family/y in the appendix, different values are used by
Weatherley and Arnold in the text. Thus it is estimated that
250 tons of firewood will supply the needs of a hamlet of about
100 families for a year (5). Again, in considering the current
and future energy demands of the project area, it is estimated that
the quantity of firewood needed in 1975 to meet all the cooking
requirements of 780 families was 1,700 to 2,300 tons, equivalent
to 2.2 to 2.9 tons/family/y (9); the requirement given for
1990 is equivalent to 2.4 to 3.5 tons/family/y.
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APPENDIX 20 RELATIONSHIP BETWEEN INNER AREA AND ROOF-COVERED

AREA OF VILLAGE HUTS

Most of the huts in the village are roughly rectangular in

shape, and for a given wall thickness and roof overhang, the area

within the outer walls, J, is very simply related to the total
area covered by the roof, R, and to the perimeter of that area,

P . Figure A20.1 shows the relationship between these entities
for a simple rectangular hut with a roof-covered area of width
a and length b (metres). The average wall thickness is assumed
to be 20 cm, and the average roof overhang 70 cm (see Chapter 10,
Section 3), so that the dimensions x and y of the area within the
outer walls are 1.8 m less than a and b respectively.

The relationship between the inner and outer perimeters may

be derived simply as follows:

Pi = 2 (* + y)

= 2 (a + b - 3.6)

or P. = P - 7.2.
^ o

(A20.1)

Similarly, I may be expressed in terms of R and P^:

I = x y

= {a - 1.8){b - 1.8)

- ab - 1.8(a + b) + 3.24

or I = R - 0.9 P + 3.24
o

(A20.2)

Alternatively, R may be expressed in terms of J and
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Figure A20.1 Diagrammatic respresentation of village hut

b

a

0.9 m

x

0.9 m

0.9 m y 0.9 m

Key: Extent of roof overhang

Inner boundary of other walls

Definition of variables:

a = width of area covered by roof
b = length of area covered by roof (b > a)
x = width of area within outer walls - a - 1.8

y = length of area within outer walls = b - 1.8

R = area covered by roof (area within dotted line) = a b
I - area within outer walls (area within full line)

= floor and inner wall area = x y

Pq = outer perimeter (length of dotted line) = 2 (a + b)
P. = inner perimeter (length of full line) = 2 {x + y)
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R - a b

= (or + 1.8)(j/ + 1.8)

= x y + 1.8 (x + y) + 3.24

or R = I + 0.9 P. + 3.24 (A20.3)

In general, the relationship between R and I will depend on

the shape of the hut. For a given value of I, R will depend on

the ratio of the sides of I, or the inner side ratio3 a. For
convenience, it is assumed henceforth that a is the ratio of
the longer to the shorter side, that is,

so that a> 1. If the hut is square, then

x = y = Jl

and P. = 4/f .

Hence by Equation A20.3,

R n = I + 3.6 /f + 3.24.a=l

In general, where a is not necessarily equal to 1,

y = ax

and J = ax
2

so that x = /— .

a

The inner perimeter may then be written as
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?i = 2 {x + y)

= 2 x (1 + a)

p. = 2 /i
i* nr.

(A20.4)

Substituting the expression in Equation A20.3 gives

R = I + 1.8 ^ + /T + 3.24 .

/a
(A20.5)

This is an increasing function of I and a, and may be written as

R (I,a). The more rectangular a hut is, as measured by the
inner side ratio a, the greater R (I,a) will be for a given inner
area J.

Values of a are given in Table 10.1 (see Chapter 10) for
each of the 21 rectangular huts measured; they vary from 1.1
to 4.1, with an average of 1.9. Substituting a = 1.9 in
Equation A20.5 gives

A graph of this function is shown in Figure A20.2, and it is clear
that it fits the values of I and R for the 21 rectangular huts
to a good approximation. It is also clear that over the range

of interest, from I = 10 m2 to I = 80 m2, the function R (I, 1.9)
is almost linear, although the gradient gradually decreases with
increasing I. The points which deviate most from the curve correspond
to those huts with values of a which differ most from the average

value. The smaller huts tend to have lower values of a than the

larger huts: although the correlation between a and I is weak
(r = 0.39), the average value of a for the 13 huts with inner
areas less than 30 m2 is 1.7. compared to an average value of 2.3
for the seven huts with I > 40 m2.

R (I, 1.9) = I + 3.8 /f+ 3.24 . (A20.6)

For huts which are not rectangular, but which can be divided
into rectangular sections, it is not difficult to show that
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Figure A20.2 Relationship between R and I for village huts
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Equations A20.1, A20.2, and A20.3 still hold, although I\ is
no longer expressible as a simple function of I, as in the case

of a rectangular hut. It is clear, however, that the more the

shape of such a hut differs from the simple rectangular form, the
greater the perimeter will be for a given inner floor area I.
Two non-rectangular huts were measured on the aerial photograph
(nos. la and 14 in Table 10.1), and plans of these are shown in
Figure A20.3. By substituting the calculated values of I and P^
for these huts in EquationA20.4, it can be shown that the values
of a for the simple rectangular huts with the same inner areas and

perimeters are 6.2 and 5.7 respectively. These values are

considerably higher than the average value of a for the rectangular
huts. As shown in Figure A20.2, the roof-covered areas of these
non-rectangular huts are higher than those predicted by Equation
A20.6 for the average value of a. As non-rectangular huts will
tend to have larger inner areas than average, this will reinforce
the tendency for the larger rectangular huts to have higher values
of a and correspondingly higher values of R. Consequently, the
decrease in the gradient of the average curve R (l,a ), as I

increases, will be offset by the increase in a, and the relationship
between R and I will be practically linear.
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Figure A20.3 Plans of non-rectangular huts measured on

aerial photograph

10 m 6 m

i

Hut la

P = 64 m and by
o

Equation A20.1 ,

P. = 56.8 m2

R = 150 m2 and by

Equation A20.2,

J = 96 m2

Hence P. = 4.8 /?

4 m 4 m 4 m 4 m
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5 m

4 m
Hut 14

5 m

P = 46 m and by
o

Equation A20.1,

P. - = 38.8 m

R - 86 m2 and by

Equation A20.2,

J = 48 m2

Hence P. = 5.6 /T
%
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APPENDIX 21 THE RELATIONSHIP BETWEEN CADJAN REQUIREMENTS AND

THE ROOF-COVERED AREA OF VILLAGE HUTS

It has already been shown in the text that for a gabled
roof of length b (measured along the ridge) and sloping side wt

the number of cadjans in each row parallel to the ridge is,

„ . - t»•«>
a 1.6

and the number of rows on each side of the ridge is,

Y - (w " 0.25)Nr 07R '

both numbers being rounded to the nearest integer. For convenience,
the numbers may be left unrounded, so that the total number of
cadjans required is approximately,

„ = „ x2„ i*- °-">(" - °-25>
° r

0.12

If the horizontal width of the roof is a, and the angle of the
inclination of the roof is 0, then w = 2Cqsq and N can be written,

B7 _ (b - 0.4)(a - 0.5 cos0)
" ~

0.24 cos0

Choosing the average value 0 = 32° gives,

N - 4.9 (b - 0.4)(a - 0.42)

= 4.9 (a b - 0.4 a - 0.42 b + 0.17).

Since a b = R, the roof-covered area, and — = 3, the outer side
ratio (as in Table 10.1), this can be rewritten as,

N = 4.9 [7? - /R (— + 0.42 /6) + 0.17] ,

S

or N = 4.9 [i? - / (3) JR + 0.17],

where f (3) = + 0.42 /j3
/6
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The outer side ratio 3 is unlikely to exceed 4 for any rectangular
hut and f (3) varies little over the range 3=1 to 4; f (1) = 0.82
and f (4) = 1.04. Choosing an average value, f (2.3) = 0.90,
gives,

This is of a form similar to that for R (J, 1.9), in Appendix 20
(Equation A20.6). A graph of this function is shown in
Figure A21.1 whence it is clear that, as with Equation A20.6,
the relationship is almost linear over the range R = 10 to 100 m2.
A line which fits the curve to a good approximation over this range

is,

Estimates of the actual cadjan requirements for roofing were

obtained only for 4 huts. The roof-covered areas were also
measured in each case and the results are shown in Table A21.1,

together with the cadjan requirements estimated by Equations A21.1
and A21.2 for the given areas. The data are also plotted in
Figure A21.1, the number of cadjans corresponding to the reported
values in the case of huts 1 and 4 and the number counted by the
writer in the case of huts 2 and 3. The cadjans in a roof are

generally not all replaced at the same time and consequently most
villagers are able only to give a very rough estimate of the
total number of cadjans needed to thatch their houses. In
addition cadjans are generally bought in units of 50 or 100 and
so it is likely that the reported number of cadjans given for
huts 1 and 2 were rounded estimates. In the case of hut 3, the

cadjans were observed to be slightly smaller than average, which
probably explains the difference between the counted number and
the numbers predicted by the equations above. The slope of the roof
of hut 2 was greater than average, the angle of inclination being
about 37°. At an angle of 32°, the roof would have covered an

area on the ground of 49 m2, for which Equation A21.1 gives N = 210.
Finally, in the case of hut 4, the reported number of cadjans used

N = 4.9 (R -0.9 /R + 0.17). (A21.1)

N = 4.5 R - 10. (A21.2)
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Figure A21.1 Relationship between cadjan requirements and
roof-covered area for village huts

• Observed requirements (see Table A21.1)

N (number of cadjans



572

Table A21.1 Cadjan requirements for four village huts

Hut
number

Roof-
covered
area, R
(m2)

Number of cadjans in roof, N

Reported

Estimated by
quations Comments

A21.1 A21.2

1 15 50 - 57 58 Reported
number
rounded

2 46 "" 216 196 197 Roof angle
greater than
average

3 60 300 285 261 260 Reported
number
rounded;
cadjans
smaller
than average

4 65 260 284 283 Reported
number of
cadjans
insufficient
to cover roof
properly.



was considered by the owner to be insufficient. A total of
250 cadjans had been bought from outside the village and these
had been supplemented by a few made in the village, but the
owner estimated that about 275 cadjans would have been needed
to thatch the roof properly.



APPENDIX 22 MEASUREMENTS OF BURNING RATE IN KEROSENE LAMPS

Test Lamp type Wick Lamp Weight of Duration Rate of Average rate
no. dimensions no. fuel burnt of test burning of burning

- - mm - 9 min g/h g/h

(i) Norma' flame levels

1 Open wick 4 mm diam. W1 30 250 7.2 )
2 (circular) 35 250 8.4 )

)
3 30 220 8.2

/

)
4 40 170 14.1 )

)
5 50 265 11.3

/

j 505 g in
6 W2 20 190 6.3

) 3400 min,
7 W3 30 185 9.7 J or 8.9 g/h8 W4 45 245 11.0 )
9 W5 85 630 8.1

/

)
10 W6 40 245 9.8 )

)
11 W7 35 250 8.4

/

)
12 65 500 7.8 1
13 Hurricane 11 x 2 HI 30 200 9.0 ) 105 g in
14 35 250 8.4 I 705 min,

15 40 255 9.4 ) or 8.9 g/h

16 13 x 2 H2 40 255 9.4 )
17 70 310 13.5 )

)
18 35 255 8.2 ) 330 g in
19 35 220 9.5 1970 min,

20 35 200 10.5 ) or 10.1 g/h
21 45 220 12.3 )

)
22 70 510 8.2 )

23 Table 22 x 2 T1 135 345 23.5 )
24 130 320 24.4 )

)
25 160 375 25.6 )
26 95 245 23.3 )

) 1080 g in
27 105 275 22.9 I 2800 min,
28 135 300 27.0 ) or 23.1 g/h
29 90 220 24.5 )
30 T2 85 265 19.2 )

)
31 75 240 18.8 )
32 T3 70 215 19.5 I

Table continued
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Test
no.

Lamp type Wick
dimensions

Lamp
no.

Weight of
fuel burnt

Duration
of test

Rate of
burning

Average rate
of burning

- - mn - 9 min g/h g/h

33 Table 24 x 2 T4 80 270 17.8 )
34 85 275 18.5 )

)

| 705 g in
) 2320 min,

| or 18.2 g/h
)
)

35

36

37

38

60

100

155

65

205

330

495

205

17.6

18.2

18.8

19.0

39 75 260 17.3

40 85 280 18.2 1
41 Petroraax - PI 260 145 108 ) 1055 g in
42 350 245 86 | 680 min,
43 445 290 92 ) or 93 g/h

(ii) Low flame levels

44 Open wick 4 mm diam. W1 10 160 3.8 ) 80 g in
45 (circular) W8 15 245 3.7 j 1170 min,

) or 4.1 g/h46 55 765 4.3

47 Hurricane 11 x 2 HI 15 220 4.1 4.1 g/h

48 Table 22 x 2 T2 20 475 2.5 ) 55 g in
49 T3 35 510 4.1 | 985 min,

or 3.4 g/h
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Figure 12.1 Integrated flow diagram for village
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