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ABSTRACT 

 
 

The Passivhaus standard is a building methodology that was established in Germany in 

the 1990s. It uses a passive design strategy to achieve built environment comfort with 

minimum energy consumption. However, research shows that not every Passivhaus project 

has been successful in terms of its comfort and energy performance. Passivhaus is a 

representation of a high-performance, low-energy prototype of sustainable buildings, which, 

as a new building typology, embraces new ideas of comfort and accommodates a range of 

occupants who have different attitudes and expectations. Thus, the social grounding of such 

a new typology needs to be reconsidered. Understanding the phenomenon of Passivhaus 

living in the UK context forms the starting point of my research. In reflection of existing 

Passivhaus post-occupancy evaluation (POE) research in the UK, the majority of this 

research is focused on performance and frequently adopts an approach using prediction and 

computer simulation. Only a few studies have examined the Passivhaus system from an 

architectural design point of view. Research into its energy performance lacks a deeper 

connection with the occupants’ perception of comfort and the architectural design of the 

Passivhaus. This research focuses on the coherence of Passivhaus living and builds up a 

theoretical framework to understand the Passivhaus system in relation to occupants’ daily 

lives. It argues that by providing more possibilities and opportunities within the design of the 

built environment for adaptive behaviours and norms of sustainable1 living, as opposed to 

stressing energy efficiency and technological advances, the sustainability embodied in the 

Passivhaus standard can be further actualised.  

Previous research into the POE field of Passivhaus has employed a predominantly 

quantitative method. However, the small amount of research conducted using a qualitative 

approach demonstrates the potential benefits of gaining a better understanding of 

sustainability in people’s perceptions of comfort, their everyday practices and the nature of 

                                                        
1 ‘Sustainable’ or ‘sustainability’ in this thesis refers to the Brundtland Report (1998) where 
it means ‘the organizing principle for meeting human development goals while at the same 
time sustaining the ability of natural systems to provide the natural resources and ecosystem 
services upon which the economy and society depend’. Specifically, it refers to buildings or 
activities with low carbon emission and low energy use 



 

their energy use. The methodological approach for the proposed research will be qualitative 

in nature due to the need to understand highly context-bound experiential data. A mixed 

approach of quantitative and qualitative methods will be explored to collect and analyse data 

from various aspects related to the subject matter in order to draw valid conclusions. The 

research uses a combined framework of grounded theory methodology and a multiple case 

study approach as a way of taking a step back from empirical research and building up an 

inductive theory-building process. The combination of these two frameworks is tailored for 

this research, which enables them to complement each other. The research provides an 

exploration of Passivhaus living and an insight into the delicate relationship between the 

occupants and their domestic space.  

The study explores the shifting perception of comfort, the delicate relationship between 

habitat and inhabitant and the process of adaptation in the Passivhaus to understand the 

shaping of household behaviour in relation to different contexts and scenarios unique to the 

Passivhaus industry. The substantive theory that describes this relationship is summarised at 

the end of the thesis, with the aim of informing potential Passivhaus clients of the system’s 

holistic sustainable design features and to make recommendations for better Passivhaus 

design to building professionals. 
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CHAPTER 1   INTRODUCTION 

The quest for comfort in human dwellings has evolved throughout its long history. This 

history is written in part by physicists, engineers, architects, chemists, anthropologists, 

psychologists and other scholars. But above all, it is written by the inhabitants of the 

dwellings themselves, through their daily lives. At the same time, the concept of comfort 

itself has also been defined and represented both through and using different texts, meanings, 

standards and images, derived from both physical and social perspectives. Rybczynski 

(1987) stated that ‘[comfort has] evolved with the changing history of ideas about privacy, 

austerity, efficiency, domesticity and modernity’ (Rybczynski, 1987 p.217). The concept of 

home comfort, as argued by Rybczynski, encompasses the social, cultural and historical 

making of a particular domestic setting, and is as much a product of collective social norms 

as it is an individualised physical perception. The concept of indoor comfort is an ever-

changing image that fits into a particular sociocultural and socio-historical context, and is 

closely linked to the development of technology.  

The first chapter of this research will start by exploring this complex, yet delicate 

relationship between people, comfort and home, in the global context of climate change and 

the issue of sustainability. This exploration will set the basis for the research carried out in 

this thesis. The rationale, objective, and method of this research will be identified and 

summarized in the second part of this chapter. 

1.1 Sustainabilising comfort 

The beginning of the 20th century saw major developments in standards of comfort. With 

the increasing advance of technology in mechanical services, people were able to regulate 

and control indoor temperature, humidity, lighting and sound to an increasingly specific 

level. Ever since the 1970s, climate change and energy consumption have drawn more and 

more public attention, and the built environment has increasingly become the central focus 

of issues that contribute to global warming. In the same period of time, studies on comfort 

and the built environment have examined standards of indoor comfort and their 

corresponding impact on rates of energy consumption. The results from those studies 

suggested that the shift to increased comfort levels was essentially un-sustainable (Shove, 

2003). It has been revealed that buildings and their users are responsible for over 40 per cent 

of global energy use and 30 per cent of greenhouse gas (GHG) emissions worldwide (UNEP, 

2009). In the UK alone, estimates of energy use reveal that carbon emissions from buildings 
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amount to around 300 million tonnes of CO2 annually, with the residential sector remaining a 

large contributor of these GHG emissions. It has been reported that the energy efficiency of 

the UK residential sector is currently rated as poor. In 2013, over 10 per cent of English 

households were registered as being in fuel poverty (DECC, 2015), with only 14 per cent of 

homes in England and Wales achieving an energy efficiency rating of A or B, with the 

majority being rated C or D and a further quarter in the E, F or G categories (DECC, 2015). 

The energy efficiency ratings tend to be even lower in Scotland (with 63% being rated D in 

2013), due to poorer insulated building envelopes, while energy consumption in Scottish 

homes is higher compared with  that of England and Wales (Government, 2015). 

Stakeholders in the building industry are being urged to respond to escalating environmental 

issues by increasing sustainability measures and improving building standards. 

The adaptive comfort standard was pioneered as an alternative to the standard of 

comfort established by the American Society of Heating, Refrigerating and Air-Conditioning 

Engineers (ASHARE). It has shed new light on the un-sustainable pattern of energy 

consumption in pertaining an increased comfort level. Adaptive comfort research has 

focused on real-life experience as opposed to experiments conducted in a climate chamber, 

arguing that people in real-life environments have a larger comfort range given they have 

sufficient adaptive opportunities. This result has led to built environment research focusing 

more on occupants and their behaviours in relation to energy consumption. Endeavours in 

pursuing indoor comfort made by the inhabitants themselves are examined under the 

spotlight of sustainability. In other words, the studies of built environment have started to 

shift in focus from the idea of ‘designing comfort’ to the idea of ‘sustainabilising comfort’, 

according to which sustainable measures are taken to ensure that comfort is delivered by 

energy efficient and low carbon means.  

1.2 Energy efficiency measures and the Passivhaus standard 

In response to climate change, the UK government has committed to reducing GHG 

emissions by 80 per cent by 2050 (DECC, 2015). It has been estimated that there are 

approximately 28 million dwellings in the UK, with a steady growth of 140,000 dwellings 

built per year over the past ten years. Based on this, the total number of dwellings in the UK 

is projected to reach 32 million by 2050. In order for the government to meets its promise on 

GHG emissions, it has become increasingly important that new housing is built with the aim 

of both minimising its carbon footprint and maximising energy efficiency (Schoenefeldt, 

2014). 
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With ever-greater emphasis being placed on energy efficiency, advanced environmental 

technology has started to play an increasingly important role in the built environment. 

During the last two decades, the Construction sector has increasingly incorporated onsite 

renewable energy-generating technology (e.g. photovoltaic panels, wind turbines, etc.) to 

improve the efficiency of mechanical systems. There has also been growing interest in low-

impact materials (e.g. sheep wool, straw, hemp, etc.) for use as insulation in buildings. At the 

same time, building regulations have also been further developed to set energy performance 

standards for new-build homes. In 1995, the Building Research Establishment (BRE) 

launched its Standard Assessment Procedure (SAP) as a tool for helping in the delivery of 

energy efficiency policies and to calculate the energy consumption of dwellings. The SAP 

method was outlined in Building Regulation Part L1 (England) and has been widely adopted 

by the building industry. It measures energy costs and CO2 emissions and considers fuel 

types for lighting, space heating and domestic hot water (DHW) heating to determine energy 

efficiency. However, the standard has been criticised for its poor predictive power 

(Moutzouri, 2011). Meanwhile, the zero carbon homes policy was announced in 2006, 

proposes to make all new homes carbon neutral by 2016, thereby pushing building 

regulations even further.  

Following the development of energy efficiency criteria, another option available to the 

UK housing industry is the Passivhaus standard. The term Passivhaus was first coined in 

Germany in the 1990s. It is a type of ultra-low-energy housing and is regarded as a very 

well-formed combination of building fabric (highly insulated) and an advanced mechanical 

ventilation and heat recovery (MVHR) system. The first Passivhaus prototype was built in 

Germany in 1991, and has since been widely adopted in a number of Northern European 

countries including Sweden, Denmark and Norway. Eighteen years later, the first Passivhaus 

building was built and certified in the UK. The past six years have seen a steady growth in 

the number of certified Passivhaus projects in both the domestic and commercial sectors 

throughout the UK. It has recently been made mandatory by Dún Laoghaire-Rathdown 

County Council, which may lead to the construction of 20,000 Passivhaus in Ireland by 2022 

(Colley, 2016). 

The Passivhaus standard is distinguished from other sustainable building standards 

through its emphasis on energy efficiency. In Dequaire’s (2012) comparison of a variety of 

European low-energy building standards (including the German, Swedish and Norwegian 

Passivhaus standard, Swiss, Danish, French and UK sustainable homes code 6), it was 

suggested that because the Passivhaus standard focused on the building itself and the 
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accompanying efficiency of its technical system in terms of reducing energy demand, rather 

than on offsetting CO2 emissions by employing renewables, the Passivhaus standard had a 

clear advantage over the others. More specifically, the Passivhaus standard requires a new 

building to adhere to the following four criteria: 

• Primary energy demand ≤ 120 kWh/m2a1 

• Space heating/cooling demand ≤ 15 kWh/m2a or specific 

cooling load ≤ 10 W/m2 

• Airtightness ≤ 0.6 air changes/hr @ n50 

• Temperatures exceeding 25°C cannot occur in a building 

for more than 10% of the occupied year 

To fulfil these requirements, designers ensure that the building has very high levels of 

insulation, extremely high performance windows with insulated frames, airtight building 

fabric, 'thermal bridge free' construction, and a mechanical ventilation system with highly 

efficient heat recovery. The Passivhaus planning package (PHPP2) is a design tool to help in 

calculation of predicted energy performance, with the aim of optimising the building design. 

It is worth noting that the term ‘Passivhaus’ or ‘Passive house’ has been extensively used by 

many designers and building professionals, with similar terminology including ‘Passive 

design’, or ‘designed to Passivhaus principle’, further blurring the definition. In order to 

avoid misleading claims, the Passivhaus institute issued a document in 2015 to clarify the 

certification process of a Passivhaus building (Trust, 2015). The process involves a 

registered Passivhaus certifier evaluating the building in order to issue a certificate. 

However, it has been noted that ‘it is reasonable to claim that a building is a non-certified 

Passivhaus provided that it still meets the requirements of the standard’ (Trust, 2015, p1). 

For the nature of this research, the term ‘Passivhaus’ here specifically refers to buildings that 

are modelled in PHPP software, designed to and meeting the Passivhaus standard, both 

certified, and non-certified. 

PHPP is a calculation and prediction tool developed by Passivhaus Institute for 

Passivhaus design. It is based on an MS Excel workbook that contains a series of tools for 

calculating: a) energy balances; b) heating and cooling loads; c) summertime comfort and d) 

ventilation and air change rate. The interface of the software is relatively intuitive, the input 

data includes: climate region (with built-in climate database), U-values of external envelope, 

building configurations (area, volume, number of windows, etc.), number of occupants, 

                                                        
1 kWh/m2a: kilowatt hour per square metre per year. 
2 An example of a PHPP workbook can be found on the Passivhaus Institut website. 
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electrical appliances, among others. The software can be used throughout the design stage to 

test if the chosen design strategies fulfil the Passivhaus standard. The PHPP methodology 

offers a high level of flexibility in terms of design strategies, construction methods materials 

and technical systems while ensuring the energy performance standard of Passivhaus is met. 

Figure 1.1 shows the result of a building designed using PHPP to Passivhaus standard. 

 

Figure	1.1:	A	section	of	the	PHPP	“Verification”-sheet	with	the	results	for	a	sample	detached	house	
built	to	the	Passive	House	Standard	(Passipedia,	2016)	

 PHPP is regarded as an accurate design tool for its systematic approach and 

transparency in calculation. It takes into account electricity consumptions by household 

appliances, and intentionally avoids the energy generated by Photovoltaic panels in its 

calculation in order to prevent lowering the energy standard. However, PHPP adopts a 

steady-state energy balance method, which does not sufficiently calculate buildings with 

fluctuating heating loads, or assess transient situations (when both heating and cooling loads 

occur on the same day). It also relies heavily on the external climate file in calculating 

heating demand, which brings uncertainty when assessing a project in a highly localised 

microclimate (Hopfe and Mcleod, 2015).  

Passivhaus is a quality standard that leads to improvements in airtight construction and 

levels of insulation to ensure indoor comfort, with an upper limit to energy consumption. As 

a rigorous building quality standard, it provides scope for achieving the government’s target 

of an 80 per cent reduction in GHG. However, several issues concerning the actual 

performance of completed Passivhaus projects have slowed the adoption of it as a building 

methodology. The first issue, which has already been highlighted by numerous researchers, 

is its so-called ‘performance gap’. This relates to deviations between the predicted energy 

use and actual operational energy consumption. A detailed review of efforts made in 

response to this issue will be presented later in this chapter. However, more importantly, it is 

the concept of comfort itself that is preventing the Passivhaus methodology from being 
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adopted on a larger scale. Due to its characteristic airtightness and high level of insulation, it 

has been argued that the Passivhaus typology is more vulnerable to overheating than a 

traditional house (McLeod et al, 2013; NHBC, 2012). The challenge thus lies in the 

adaptability of the Passivhaus methodology to both existing climatic changes and also to a 

future climate likely to be characterised by warmer summers and mild, wetter winters.  

1.3  Future climate challenge 

A considerable amount of research has been conducted to review the impacts of climate 

change on the built environment. The following table contains a summary of this research 

(Pedersen Zari, 2008). Even though the impacts of climate change vary depending on the 

location and local quality and density of the existing built environment, the majority of the 

issues listed below apply to a huge range of the world’s climatic zones. 

Potential direct climate change impacts Consequences for the built environment 
Changes in temperatures (likely to increase 
in most areas) 

Increased overheating and air-conditioning load 
Decreased heating of spaces in winter  
Decreased energy for water heating  

Increase in intense weather events Damage to buildings and infrastructure 
Changes in precipitation patterns Damage to foundations 

Increased inland flooding 
Damage to façades and internal structures due 
to rain penetration 
Increased subsidence 
Increased erosion, landslips, rock falls 
Changes in aquifers and urban water supply and 
quality 
Increased pressure on storm drainage 
Increased storm water run-off and leaching of 
pollutants into waterways or aquifers 

Thermal expansion of oceans and changes in 
the cryosphere (ice systems) such as 
retreating snow lines, ice packs and melting 
glaciers 

Increased coastal flooding 
Increased erosion 
Changes in sedimentation patterns 
Changes in water tables and possible infiltration 
of aquifers 
Relocation from coastal areas 
Loss of intertidal areas acting as buffer zones 

Changes in wind patterns and intensities Changes in wind loading on buildings 
Increased air pollution Increased ventilation needed and provisions for 

clean air 

Table	1.1:	Direct	change	impact	on	the	built	environment	(adapted	from	(Pedersen	Zari,	2008))	

The emergent issues brought by climate change for human beings show a huge potential 

impact on health and well-being. As suggested by the research, the indoor environment is 

associated with a range of health hazards, which are likely to escalate in line with ongoing 

climate change. Issues such as indoor air quality, overheating, airborne infection, water or 
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mould contamination and impacts on mental health are but a few examples (Haines et al, 

2007; WHO, 2011).  

For the UK especially, among the potential climate change impacts and their 

consequences for the built environment, two main challenges of high relevance and urgency 

have repeatedly been addressed by different researchers (Nicol & Stevenson, 2013; Roaf et 

al, 2013; Roberts, 2008; Vardoulakis et al, 2015). They are: a) overheating and increased 

cooling demand; and b) indoor allergens and infections and an increased need for ventilation. 

Buildings that are designed to a high thermal efficiency standard are more vulnerable to 

overheating. This is particularly true for highly-insulated and extremely airtight Passivhaus 

buildings.   

• Overheating and increased cooling demand 

As a direct result of global warming, annual average temperatures in the majority of the 

areas of the world are predicted to gradually increase. According to a report by Vardoulakis 

et al. (2012), it is evident that temperatures on the Earth’s surface have already increased 

since pre-industrial times. A growth rate of around 0.25 °C per decade has been recorded 

since the 1960s. Prediction of the UK’s future climate show that by 2080, the summertime 

mean daily maximum temperature will have risen by 5.4 °C in southern England and by 

2.8 °C in northern Britain (UKCP09, 2009). Such rises in temperature are also likely to lead 

to more frequent heatwaves and extreme weather events in the future, something which has 

already been repeatedly connected with increased mortality in vulnerable citizens (Haines et 

al, 2007).  

In response, a considerable amount of research has been carried out focusing on the 

issue of overheating in the past decade in the UK. This issue becomes more severe in newly 

built, well-insulated, low-energy housing. Recent research focusing on in-use data of flats 

built to the Passivhaus standard in the UK highlights a considerable risk of overheating, 

where, based on the Passivhaus benchmark, 72 per cent of all monitored flats failed the 

overheating control (Tabatabaei Sameni et al, 2015). A consideration for summertime 

comfort is at the centre of the research, as is concern about increased electricity usage for air 

conditioning (Li et al, 2012).  

• Indoor allergens, infections and increased need for ventilation  
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As a less discussed area in built environment research, alarming findings from a 

number of researchers on indoor air quality in relation to allergens and infections have 

recently started to draw attention to health issues, notably in relation to low-energy housing. 

Vardoulakis (2015) claimed that policies focusing on energy efficiency in the built 

environment could potentially be counterproductive when the health factor is taken into 

account. Firstly, as a response to energy efficiency, a growing number of new homes have 

been built with high levels of insulation and a low infiltration rate. As suggested by Roberts 

(2008), wetter winter days are expected to increase by up to 15 per cent by the 2020s and by 

up to 25 per cent by the 2050s. Meanwhile, reducing building surface areas and ventilation 

rates can also increase humidity levels indoors. Thus, warm and potentially more humid 

indoor environments will provide optimal conditions in which dust mites can grow, 

threatening residents with a greater risk of exposure to allergens (IOM, 2011).  

Secondly, a growing number of new-build dwellings have started to incorporate 

airtightness construction methods in order to reduce the amount of energy used for space 

heating. Airtight dwellings and the improper use of mechanical ventilation also reduces the 

rate of infiltration and removal of allergens. Thirdly, the moisture produced by household 

activities such as showering, cooking and drying laundry indoors will further increase the 

likelihood of allergens and infections. The removal of such allergens from extremely airtight 

dwellings will depend on the design and efficiency of the mechanical ventilation unit. 

Furthermore, due to drier weather conditions, dust levels in the summer are also likely to 

increase, with different kinds of pathogens being brought indoors (Morey, 2010). Increased 

infiltration and cleaning will be needed to tackle this problem. 

Hence, the challenge is especially high for ultra-low-energy buildings which, whilst 

ensuring energy efficiency in terms of heating demand, must be built to ensure summertime 

comfort at the same time as being prone to overheating and insufficient ventilation. 

1.4 Research rationale  

The increasing use of energy continues to be a factor cited in discussions on climate 

change. At the same time, the effects of global warming are leading to increases in energy-

intensive practices such as artificial cooling, notably in ultra-low-energy houses and 

Passivhaus. Faced with the dual challenges of high demand for energy and impacts on 

health, it is essential that researchers and practitioners play their part in enabling the industry 

to take a step back and examine such issues in a holistic manner. 
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As mentioned in the previous section, with steady progress being made in improving 

buildings’ performance through the use of various energy efficiency measures, especially the 

Passivhaus standard, energy consumption is expected to fall. However, in recent research, 

the first and foremost issue related to low-energy buildings, one that is attracting researchers 

from both academia and practice, is inaccurate predictions of energy use, otherwise known 

as the ‘performance gap’. In other words, the actual level of energy use in buildings 

constructed to ultra-low-energy standards has exceeded predicted levels of use. The 

application of Passivhaus is an effective option for increasing energy efficiency in new 

buildings, yet many post-occupancy evaluations (POEs) suggest unsatisfying responses from 

occupant comfort surveys and energy consumption data (Brunsgaard et al., 2012; Mlecnik, 

2013; Molin et al., 2011; Rohdin et al., 2014). Thus, a deviation exists amongst certified 

Passivhaus buildings in terms of their energy performance and thermal comfort embedded in 

Passivhaus standard.  

In attempting to understand the reasons for this performance gap, previous research has 

agreed that occupants play a significant, albeit frequently underestimated, role in residential 

energy use. It has been established that the post-occupancy stage of a building accounts for 

80 to 90 per cent of energy use (de Meester et al, 2013), and energy consumption could vary 

by up to three times between two similar households (Gram-Hanssen, 2010). A good amount 

of effort has since been made trying to determine the role of occupancy factors in energy 

consumption (Cohen et al, 2001; Leaman & Bordass, 2000; Leaman et al; Stevenson & 

Leaman, 2010); (Janda, 2011; Peffer et al, 2011; Shipworth & Ucci, 2015; Stevenson et al, 

2013). Criticism has been raised by Chiu et al. (2014), however, that POE research focusing 

mainly on quantitative data and energy efficiency lacks a ‘theoretical underpinning’, which 

‘makes meaningful analysis and interpretation of POE data difficult and coherent integration 

of physical and social data almost impossible’ (Chiu et al, 2014 p.576).  

In response to the challenges faced by ultra-low-energy housing and Passivhaus as well 

as a lack of exploration in understanding the lived experience3 of Passivhaus residents, this 

research took its shape as an attempt to address such issues by focusing on both quantitative 

and qualitative data in order to gain a more in-depth understanding of Passivhaus living. 

More specifically, this research has a threefold rationale, as follows.  

                                                        
3 The term ‘lived experience’ is used here to describe the first-hand accounts and impressions of living 
in a Passivhaus building. It does not reflect a certain epistemology or methodology. 
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Firstly, Passivhaus is a new typology of ultra-low-energy building, evidence shows that 

Passivhaus is a reliable methodology for achieving energy efficiency in the residential 

building sector. It differs from other ultra-low-energy building systems in respect of it 

comprising a holistic architectural frame and mechanical control system. Passivhaus are also 

built upon a certain expectation that their occupants can and will operate them according to 

the design intention. It is important to gain a deep understanding of Passivhaus occupants’ 

experience in relation to their energy behaviours in order to address and prevent the 

‘performance gap’. 

Moreover, evidence of global warming has urged architects and researchers to examine 

the fundamental concept of comfort in the built environment. The predicted risk of 

overheating, insufficient ventilation and potential cooling demand have all put ultra-low-

energy housing under the spotlight. The Passivhaus is an extreme example of ultra-effective 

insulation and airtightness construction. It is unknown whether the ideas of comfort, 

expectations, feedback and occupants’ attitudes will change in relation to such a new 

building typology and whether such change will be able to adapt to the climate of the future. 

It is important to understand comfort in the Passivhaus built environment from the 

occupants’ own experience, to inform design and practice for both the Passivhaus and other 

ultra-low-energy buildings in the future.  

Lastly, the concept of sustainability in the Passivhaus system is taken for granted to 

represent energy efficiency. The design and delivery of the Passivhaus is thus concentrated 

in its technical performance. What is perhaps not as explicitly explored is how best to design 

Passivhaus as a coherent architectural system that accommodates and even promotes 

sustainable living.  

1.5 Research objectives 

The beginning of the year 2003 saw a rapid growth in the number of Passivhaus 

projects around the world. It has been estimated that 30,000 Passivhaus buildings have been 

realised, with the majority being residential projects (Figure 1.1). The total number of 

Passivhaus projects in the UK is estimated to be around 400 units (94 projects), 380 of 

which were residential at the time of this thesis being written (March 2016). The 

construction of more and more Passivhaus is planned over the next few decades and, facing 

such growth in the Passivhaus sector, this research hopes to provide a holistic view of 

Passivhaus living for both building professionals and the general public in the UK.  
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Figure	1.2:	Passivhaus	projects	worldwide	by	project	type	(adapted	from	Passive	House	(Database))	

The objectives of this research are as follows:  

a) to examine occupants’ experience of living in a Passivhaus from a holistic 

perspective, in order to formulate a theoretical framework to describe and understand the 

nature of Passivhaus living.  

b) experiential data from Passivhaus occupants will be cross-referenced with the 

architectural and technical properties of each project in order to explore the potential of 

Passivhaus methodology, the barriers and potential embedded in the Passivhaus concept, as 

well as to make design recommendations for building professionals to make further 

advancements in the design and delivery of the Passivhaus system for the creation of a more 

sustainable home – an environment that not only decreases energy use, but encourages 

behaviour change to be more environmentally conscious.  

c) to propose an alternative methodology in studying Passivhaus POE from a socio-

technical perspective, where the occupants and their interactions with their house form the 

centre of concern. 

1.6 Research question 

The objectives of this research informed the research question to be as open-ended as 

possible, to facilitate an inductive research process. Bearing the research aims in mind, the 

following research question emerged:  

How can Passivhaus lived experience inform Passivhaus design and delivery to 

create a more sustainable lifestyle? 

86%
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Passivhaus	Projects	Worldwide	by	Project	type
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Specialty	residence

Public	and	mixed	use	
projects
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This question firstly focuses on occupants and their behaviours, opinions, evaluations 

and ideologies under the overarching structure of the Passivhaus standard. By posing an all-

inclusive question on the ‘lived experience of Passivhaus occupants’, this research aims to 

uncover issues that were overlooked in previous studies adopting a deductive method. To 

further connect the occupants’ experience with Passivhaus design, this question reflects on 

the design stage, exploring the architectural features that can be informed and improved by 

the experience of the occupants.  

The variety that exists in the design of Passivhaus projects and the people living in 

them is built into the research, without presuming the existence of a universal framework 

that fits all Passivhaus projects. 

1.7 Research methodology  

Previous research into the post-occupancy field adopted a predominantly quantitative 

methodology in which it was appropriate to make sense of monitored energy usage and draw 

statistical conclusions. However, the small amount of research conducted using a qualitative 

approach shows the potential benefits of gaining a better understanding of sustainability in 

people’s everyday practice and the nature of their energy use. In order to uncover the lived 

experience of Passivhaus occupants, the explorative and narrative quality of this research 

serves to indicate the use of a research method that is both inductive and qualitative in 

nature. Such an approach enables the understanding of highly context-bound energy 

behaviour and experiential data. It also allows for the establishment of an open-ended 

conceptual framework to act as a starting point, and for this to evolve in the process of data 

collection. The research uses a combined framework of grounded theory methodology and a 

multiple case study approach in order to approach the subject matter from a fresh perspective 

and build up an inductive theory-building process.  

Grounded theory methodology has been widely adopted in social and behavioural 

research. It provides an inductive research procedure and a robust method for analysing 

qualitative interview data. The analysis aims to crystallise one or several ‘core categories’ 

from the interview that can be connected as a comprehensive narrative to understand the 

studied topic. Complementary to grounded theory methodology, the case study framework is 

used to emphasise deviations in the architectural and technical characteristics that exist 

between the studied projects.  
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A mixed approach of quantitative and qualitative data collection has been used to 

collect data from various perspectives on Passivhaus in order to establish a grounded 

understanding of topic. Over the last 50 years, the research methodologies employed in 

social and behavioural sciences have gone through three major paradigm shifts, namely: a) a 

quantitative movement, dominant during the first half of the 20th century; b) a qualitative 

movement that became popular in the 1970s; and c) a mixed methods movement established 

at the beginning of the 21st century that has become popular in social and behavioural 

research (Tashakkori & Teddlie, 2003). Both Stevenson (2010) and Rajat (2010) advocated a 

mixed approach in developing an occupant feedback and evaluation system, including 

performance factors such as U-value and energy use, but also quality of life and comfort that 

can be documented through diaries, videos and conversations, etc. The data collection 

procedure has been divided into two stages: the first stage includes data from a quantitative 

questionnaire survey, and documentation of relevant architectural properties; the second 

stage includes a qualitative, semi-structured interview with each household of studied 

projects. A detailed research methodology will be presented in chapter 3. 

1.8 The structure of the thesis  

Chapter 1 of this thesis starts with background information related to this research. It 

then presents the issues facing sustainable development on a global scale and introduces the 

complex relationship between comfort, human habitat and sustainability. This discussion 

leads to the focus of this research: gaining a deeper insight into occupants’ experience in 

ultra-low-energy housing, in order to inform design, and respond to climate change and 

health issues in relation to it. It further explains the rationale of the study by introducing the 

Passivhaus standard and the challenges to fully achieving its potential. There is then a 

summary of the research in terms of its objectives, question and methodology.  

Chapter 2 places the research into the context of previous research in the fields of both 

architecture and social studies of comfort, home and sustainability, arguing that single-

handed, performance-driven, high-tech-aimed research is far from sufficient to understand 

the everyday lives of people living in low-energy housing. An interdisciplinary approach 

from both an architectural and socio-technical perspective is therefore needed.  

Chapter 3 explains the research methodology in detail and sets out the research 

framework. From the previous two chapters, the objective of the research has determined the 

inquiry to adopt a mixed quantitative and qualitative research method. The methodology 
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using a grounded theory-guided multiple case study framework is explained and 

demonstrated with a pilot study, which helps with the gaining of an initial understanding of 

the subject matter and in refining the data collection procedure and research design 

employed in the study. The theoretical framework is formed by the nature of such research. 

The complexity, individuality and contingency of each built project makes it appropriate to 

study independent case studies, though the shared experience of living in a new typology of 

housing has made a case for examining each household within one overarching grounded 

theory framework.  

Chapter 4 begins the process of data collection by setting out the big picture of 

Passivhaus development both globally and in the UK. It gives an overview of the ten studied 

cases and explains the logic of the sampling process. The strengths and weaknesses of the 

sampling method are also made clear. The twofold data collection procedure is introduced. 

The first stage is to gather relevant documented evidence at the same time as sending out a 

questionnaire survey for preliminary analysis and preparation for the second stage. The 

summary of this chapter presents preliminary result of quantitative correlation.  

In Chapter 5, the interview and architectural drawing data are presented and analysed 

using open coding – the first step of grounded theory methodology. The chapter begins by 

introducing grounded theory methodology and its terminology in detail and gives an 

overview of open coding procedure. The analysis process is presented in three groups of case 

studies in chronological order of interview date. Each group of case studies present a stage of 

development of the core categories. Drawings and photos are also cross-referenced wherever 

appropriate. A table relating the interview data to the built environment is presented at the 

end of each case study. This chapter ends with a summary of the seven core categories 

identified in the open coding analysis, and a demonstration of their applicability on the last 

case study. The seven categories together form a holistic narrative of Passivhaus living. 

The second and third stage of grounded theory coding, axial coding and selective 

coding, are presented in Chapter 6. Axial coding is a process of analysing the categories in 

terms of their relationships in order to build up a substantive theory to effectively describe 

Passivhaus living. Through axial coding, causal links can be established among the seven 

categories. The final stage of grounded theory coding, selective coding summarises the 

substantive theory that emerged from the data analysis. This chapter reveals that the 

Passivhaus as an ideology provides an overall context and possibilities for comfort, energy 

efficiency and sustainable living, though this is somewhat dependent on individuals’ comfort 
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regime, the actual delivery of Passivhaus buildings and the information and support that 

each household receives. Under these conditions, the delivery of a Passivhaus is 

determinative and of special interest to this study. 

Chapter 7 focuses on the design and delivery of Passivhaus, correlates the architectural 

design of the ten projects to interview data, focuses on the adaptability that can be provided 

by the design and discusses changes that have been made to architectural elements as a result 

of a new comfort regime in the form of Passivhaus.  

Chapter 8 presents the findings and contributions of this thesis. It also examines the 

research process and the development of research methodology and discusses the validity 

and limitations of this research. The last part summarises the thesis alongside 

recommendations for future research.  
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CHAPTER 2   EVOLUTION OF THE STUDY  

In contextualising the topic of this research, an extensive range of literature has been 

studied. To capture the qualitative context of comfort in the home environment, the literature 

research starts by examining the historical context of comfort in relation to domestic 

architectural and interior design, with a special focus on the development of the mechanical 

service system and its control interface. The historical context review portrays a complex 

relationship between comfort and environmental technology. It highlights the subtlety of the 

socially constructed notion of comfort and its long-lasting effects in domestic settings, as 

well as the complex relationship between technology, the built environment and users. The 

historical context plays a special role in understanding the human–Passivhaus interaction 

where new technology and control interface are major factors in determining levels of 

comfort and energy performance. This part of the literature review explores the issue of 

comfort in the domestic space from a collection of interdisciplinary writings to understand 

the multifaceted notion of home comfort. Studies on the physical and psychological 

connections between humans and their domestic spaces have embraced the idea that home 

comfort is much more than the physical indoor environment; rather, it is a collective 

outcome of social, historical and cultural construction.  

Following the historical context on home comfort, the second part of the literature 

review examines previous studies on post occupancy evaluation (POE), focusing on 

contemporary research that targets low-energy housing in general. Previous research has 

provided valuable information on building characteristics and behaviour in relation to energy 

use. With the rise of high energy use in residential buildings, more recent studies carried out 

from a socio-technical perspective have emphasised the abundance, adaptability and 

individuality of the expectations of comfort among users. These studies aim to engage the 

building industry and the occupants of buildings together in a more sustainable approach to 

attaining comfort.  

The last part focuses on research conducted on Passivhaus both internationally and in 

the UK context, to gain a better understanding of up-to-date research activities on the 

subject. Research into Passivhaus dwellings since the late 1990s has contributed to the 

development of a less rigid and more user-focused Passivhaus standard and design. The 

review of Passivhaus literature in conjunction with the historical context and POE studies in 

low-energy housing have allowed the author to identify gaps in the current research and to 
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build upon a solid foundation to carry out further exploration of the lived experience of 

Passivhaus occupants. The unneglectable significance of socio-historical and sociocultural 

aspects in the development of environmental technology also confirms the need to include 

social elements in comfort research rather than basing research findings on quantitative data 

alone.  

2.1 The study of comfort and home 

The image and spatial features of the domestic space have been shaped and reshaped by 

cultural, social and technical means, and the search for ‘home comfort’ has played a major 

role in this process. The shape of vernacular architecture and primitive spaces of home have 

commonly believed to be determined by environmental factors such as regional climate and 

local resources. Such schools of thought emphasised the significance of environmental 

comfort in shaping architectural forms and have influenced the research direction of 

sustainable architecture over the past few decades. Less explored, however, has been the role 

of socially accredited comfort in the transformation of the space of home and domestic lives. 

Rybczynski (1987) stated that ‘cultural ideas like comfort, […] have a life that is measured 

in centuries’ (Rybczynski, 1987 p.217). The concept of home comfort, as argued by 

Rybczynski, encompassed the social, cultural and historical making of a particular domestic 

setting and was as much a product of collective social norms as an individualised physical 

perception. Rybczynski further connected the built environment with ‘the way people 

thought about comfort’ (Rybczynski, 1987 p.219), suggesting a strong link between ideas of 

comfort and human behaviour. Similarly, Rapoport (1969) presented a strong argument for 

the sociocultural aspect of vernacular architectural traditions to be given more emphasis in 

comfort and built environment research, especially where residential buildings are 

concerned. As stated by Rapoport (1976), humans exhibit a predominant tendency to express 

the individual’s internal resources, rather than to control the external environment. This 

statement can be seen as arguing against the role of environmental determinism in the 

shaping of domestic buildings, instead putting greater emphasis on the social construction 

and individualisation of the home. Based on his study of vernacular architecture in a variety 

of regions across the world, Rapoport suggested that the form of houses was primarily the 

consequence of a whole range of sociocultural factors which had then been complimented 

and modified by other forces such as climate, technology and economics. These arguments 

bring a more balanced view to the otherwise underemphasised relevance of comfort study to 

built environment research from a social perspective. 
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The subject of indoor comfort has attracted researchers from various fields over the last 

40 years. Contributors to the literature include researchers from a variety of disciplines. As 

suggested by Ong (Ong, 2013), the scientific-based criteria of measuring thermal comfort 

did not necessarily acknowledge the interconnectedness of the human senses or capture their 

holistic experience of spaces. The concept of comfort has thus expanded way beyond 

physical pleasure. Thermal comfort as a feature of Passivhaus has come to overly dominate 

the perception of the Passivhaus concept. Taking a step back and examining the other 

aspects of comfort has become a highly relevant issue in this area of research. Meanwhile, 

the review of environmental comfort research in relation to domestic spaces has also 

confirmed its relevancy in designing energy efficient built environments with desirable 

comfort.  

2.1.1 Social construction of comfort 

It has also been recognised from a socio-technical perspective that in addition to 

comfort derived from environmental factors and an individual’s physiological condition, 

thermal comfort is also shaped by social factors. Examples can be found in all periods 

throughout human history. The social significance of comfort that became attached to 

environmental technology can be illustrated by the overwhelming popularity of the Rumford 

fireplace in the 17th century. US-born Benjamin Thompson, Count Rumford, replaced the 

previous deep fireplace, also used for cooking, with a shallower and more efficient type. The 

Rumford fireplace had a streamlined chimney that carried smoke away more efficiently with 

relatively little loss of heat.  

 

Figure	2.1.	The	Comforts	of	a	Rumford	Stove,	1800	(The	comforts	of	a	Rumford	stove)	
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In the drawing entitled ‘The comforts of a Rumford Stove’ (Fig. 2.1), Count Rumford is 

portrayed standing in front of a Rumford fireplace. The fireplace itself has a flat-finish 

mantelpiece, clean and smoke-free interior and enables the creation of a much sociable space 

in front of it for people to gather around. The shadow of Count Rumford falls on the wall 

above the fire, humorously providing a contrast to an old-fashioned medieval fireplace above 

which smoke stains would inevitably been seen. A coffee pot and cooking pot sit atop the 

chimney piece, similarly representing a difference and transition from the old fireplace 

which would typically have featured a large amount of cookware.  

The comforts represented in the image of the fireplace extend beyond thermal 

warmness. Its relative cleanliness and low maintenance held special appeal for people 

seeking a modern lifestyle. More importantly, the Rumford design created a very presentable 

focal point in the living room, greatly influencing the Victorian design of domestic space. 

Thoreau (1854) noted that a Rumford fireplace, together with back plastering, Venetian 

blinds and clean paint and paper, were features that indicated a civilised life.  

The Rumford fireplace as a representation of a ‘civilised life’ was dominant during the 

ensuing centuries until such time as machinery rendered a different picture of what denoted a 

‘modern society’. From the early 19th century in Europe, ongoing trials of central heating 

using warm air, hot water and steam were performed with the aim of finding the safest and 

most efficient way of providing thermal comfort. Old-fashioned fireplaces gradually came to 

be replaced by gas-powered central heating systems. Gas, hot water on tap and a steaming 

bath, as opposed to coal and a roaring fire, became the symbol of a ‘middle-class life’. It was 

believed that the nation’s dependence on hot water represented the contribution made by the 

gas industry to modern society. Moreover, in promoting the use of gas, the convenience 

benefit of a gas-powered boiler was also amplified to represent a social norm. Portrayed as 

the ‘working woman’s friend’, it brought convenience and economy to housewives for the 

purposes of cooking and cleaning, at the same time allowing her to prepare a hot bath for her 

husband coming home from work (Jeremiah, 2000 p.19) 

In a more modern context, the social impact of environmental technology cannot be 

illustrated better than with the development of air conditioning throughout the 20th century. 

Studies into the early development of air conditioning have shed light on the complex social 

construction of thermal comfort technology. Prins (1992) made an insightful enquiry into 

Americans’ fondness for air conditioning, drawing upon cultural and social values that 

started to become associated with the mechanically produced ‘coolth’:  
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Cool/dry/civilized/scented/barren/asexual/black/clean/good/death 

Hot/wet/wild/sweaty/fertile/sexual/red/dirty/evil/life (Prins, 1992 p.258) 

Cooper (1998) believed that air conditioning transformed the idea of ‘comfort’ into a 

form of commodity that could be advertised. The values of social comfort that air 

conditioning introduced to users’ ideology altered their perceptions and expectations of what 

constituted comfort, along with a sense of control of the external environment (Ackermann, 

2002). In marketing air conditioners, the very core of their comfort lay within a social regime 

established by a variety of factors in society, similar to that seen in the cases of the Rumford 

fireplace and gas boiler. 

 

Figure	2.2.	Air	conditioner	advertisement	(model	IT	&	T	Coolerator,	1953)	

Ironically, as a consequence of the power of air conditioning, various features of 

passive design were compromised. It has been suggested that air conditioning facilitated the 

removal of eaves or window recesses, traditionally used for shading, partly in order to 

balance the cost of the air conditioning system itself (Shove, 2003). 

2.1.2 Comfort, technology and space of home 

With the development of technology and the socially constructed comfort regime, the 

layout and arrangements of domestic space have also been in a constant state of change. The 

earliest examples can be traced back to 2500 BC with the use of an open fire as the main 

source of heat in the primitive dwellings of early humans. Fixed hearths in the centre of a 

dwelling have been found in houses at Corinth dated as early as 2500 BC. The concept of a 

central indoor open fire endured and is believed to have lasted until the 15th century in 

Britain prior to a more convenient type of heating system taking over (Billington, 1959). The 
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outlets designed for such open fires featured a centralised turret-roof form, with the aperture 

appearing in the middle of the roof space. The interior was also more centralised, with 

human activities concentrated around the centre of the dwelling. Facing an increasing 

demanding for multistorey buildings, the inconvenience of a central fireplace limited the 

long-held tradition of a centralised arrangement of living space in dwellings. The focal point 

moved, with the location of the fireplace, to the sidewalls during the late 15th century. The 

‘fireplace’ as we know it today has since been continuously revised and improved, not only 

for fuel efficiency, but also for reasons of defence, convenience and cleanness among other 

socially bound norms prior to the 20th century (Billington, 1959). 

 

Figure	2.3.	Turreted	roof,	Glastonbury	

On the other hand, it can be argued that the progression of technology was also affected 

by the size, shape and layout of buildings. It was noted by Walbert (1971) that the invention 

of central heating was due in large part to the increasing size of public buildings and the 

demand for tolerable working conditions in textile mills, city chambers and prisons (Walbert, 

1971), while fireplaces and stoves tended to be useful only for providing heating in small 

domestic houses, where central heating was rarely used before 1845. In another sense, the 

split between the use of a central heating system and individually placed fireplaces or stoves 

came to represent the separate images of work and home, public and private. It was 

suggested by Wright (1964) that heating devices, including fireplaces, stoves and chimneys, 

have influenced social activities and space arrangement in domestic spaces. Despite changes 

in the position and fuel type of the fireplace, the nostalgic image of Victorian homes means 

the open fire and hearth have remained a focal point in British domestic spaces (Canter, 

1977), with other furniture and activities typically arranged around it.  
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However, with the growing popularity of central heating in domestic buildings during 

the 19th century, the occupants of these buildings began ceding their control of individual 

room temperature and ventilation, even in their own homes. Instead, more and more 

centrally located, automatic systems were set up to regulate the environment of domestic 

units, so much so that ‘the autonomy of the building itself was drastically reduced’ 

(Jeremiah, 2000 p.7). Bruegmann also discussed the impact of the development of 

environmental technology in the 19th century on the transformation of architectural form. 

Besides the obvious addition of towers to every major public building in Victorian London, 

notably for ventilation purposes, subtler changes in the practices architects were accustomed 

to can be seen in almost all details of design. Architects began making efforts to firstly 

conceal the growing size of technical equipment in recessed ceilings, stairwells and 

basements, then to detail cornices and inlets to assist with a mechanical service. In a house 

designed in 1839 in Edinburgh, flues were built into gable walls, openings were hidden 

behind cornices and empty spaces were left between the ceilings of the attic space so that 

fresh, warm air could continuously circulate throughout the six-storey house (J.C.Loudon, 

1842).  

Meanwhile, the improved technology and increased demand for a higher-standard 

environment also led architects to seek building materials better able to conserve heat. In 

addition, architects recommended eliminating curtains and drapes to achieve better 

ventilation and specified rounded corners for easy cleaning. A sudden realisation of the 

importance of health in a heavily polluted industrial city changed the appearance of 

architecture, where light-coloured, plain and clean interiors represented a promise of health. 

Similarly, with emphasis being given to sanitation and health, it became a legal requirement 

for plumbing to appear on the façades of buildings as early as the 1890s (Steiner, 2005). 

Since that time, the service system has grown and become an increasingly obvious presence 

of the cityscape.  

Furthermore, Putnam (1993) observed the occurrence of two transformations in the 20th 

century that served to alter the image of the Victorian home. The first began in the 1920s, 

when the domestic space started to be arranged around a technical core of mechanical 

services. The second was in the 1960s, a time when the ‘material life supports of modernity 

are taken for granted’ and the home became an individualised and highly personalised 

enclosure. In the early 20th century, the service system gained even more attention in 

architecture with the escalating role played by technology in the philosophy of design and 

the process of architectural form-making. Architects such as Buckminster Fuller, through 
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their works, critically examined the relationship between the modern service system and the 

design of a dwelling itself. Buckminster Fuller’s Dymaxion houses exhibited in 1930 and 

1945 demonstrated a united central core containing the service system and structural 

elements. The core contained hot water storage, heating devices and ventilation ducts as well 

as stairs, and there was the option for an elevator. To an extent, the form of the building 

interestingly resembled a pre-16th-century turreted-roof house featuring a centrally located 

fire. Instead of having the central core as a focal point, however, the Dymaxion house was 

designed to intentionally avoid the concept of an any room having a single focal point. The 

concentration of the service system formed a radial type of layout.  

 

Figure	2.4.	Plan	of	a	Dymaxion	house	

Aside from the futuristic aesthetics contained within the design of this house, the 

concept of comfort also began expanding into the realm of environmental measures. Inspired 

by Fuller’s Dymaxion house, Reyner Banham saw the potential of technology in 

architectural design. He stated that the creation of structure and space could be no more than 

a by-product of the creation of an artificial environment. Following the same line of 

thinking, Banham proposed the possibility of an ‘un-house’ (Banham, 1965), illustrated as a 

stack of service ducts and plugs in the form of a house but with none of the traditional 

structural elements. His arguments reflected the boom in domestic electrical appliances 

(especially air conditioning) in the period he termed ‘the second machine age’ (Langevin, 

2011). Banham’s influence can also be observed in the works of the Archigram group. The 

movement initiated by Archigram highlighted the necessity of concentrating service into a 

centrally located core to economically and conveniently serve the ‘off-the-shelf housing’ and 

industrialised process (Steiner, 2005). In their Instant City project in 1969, the idea of the 
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‘un-house’ was pushed even further. The group proposed the possibility of a user-controlled 

built environment, where advances made in environmental technology, such as in air 

conditioning systems, enabled the environment to be changed instantly, with no need for an 

architect to pre-design the enclosed environment.  

The determination of your environment need no longer be 
left in the hands of the designer . . . it can be turned over to you 
yourself. You turn the switches and choose the conditions to 
sustain you at that point in time. The building is reduced to the 
role of carcass—or less. (Langevin, 2011) 

Besides thermal comfort, various other aspects of comfort related to privacy and safety 

also influenced the appearance of architectural elements. For example, as observed by 

Cieraad (1999), exterior shutters on windows, which once played an important role in adding 

privacy to residential buildings, began to fall out of fashion. Other research into the shift 

towards open-plan in British families has illustrated the active role played by occupants in 

adjusting their homes to a changing lifestyle (Attfield, 1999).  

These examples highlight the interaction between residents and the transformation of 

the home, with the interaction proving to be an important medium in terms of achieving 

home comfort. On the other hand, the mechanical service system has also been developed in 

line with advances in technology and the socially constructed idea of comfort. The result of 

this development suggests that a particular lifestyle is shaped by a combination of factors 

concerning technology, comfort and architecture. A study focusing on the occupants of a 

house and their daily interactions with it may thus reveal a deeper connection between these 

factors.  

However, the historical study of comfort and occupants does not provide comparable 

information on the occupants’ influence on energy use. In order to gain a better 

understanding of the occupants in a particular type of energy-efficient building, the next 

section examines contemporary research on the particular role of occupants and their energy 

use in low-energy housing in the post-occupancy stage. 

2.2 The role of occupants in low-energy housing  

Since 1981, research into energy use and the role of occupants (Verhaller & Van Raaij, 

1981) has established by far the most comprehensive, albeit conceptual, occupant energy 

behavioural model available. Research has been aimed at the identification of factors 

affecting the energy performance of buildings during the occupancy period. In the model, as 
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many as 12 variables were identified as contributing to the discrepancy of energy 

performance, with ‘home characteristics’ and ‘household behaviour’ identified as having the 

greatest influence on variations in energy use. The findings of this research have been 

echoed by many other researchers. 

2.2.1 Home characteristics 

An international body of research has been conducted in relation to home 

characteristics and energy use, including various apparent factors such as the size of the 

dwelling, insulation level, exposed surface area (Haas et al, 1998; Sonderegger, 1978), 

urbanity (Lenzen et al, 2006), housing type (Pachauri, 2004), age of the dwelling, heating 

system and energy type (Leth-Petersen & Togeby, 2001). According to Santin et al. (2009), 

home characteristics are the most influential factor in domestic energy use, contributing to 

42% of energy deviation for heating. Specifically, more insulation in dwellings and newer, 

smaller buildings with fewer rooms, as well as non-detached dwellings, tend to decrease the 

amount of energy required for heating. Also, an open-plan kitchen-dining area seems to 

decrease energy use as a result of the extra heat generated from cooking. Meanwhile, having 

a thermostat or a bathtub, a garage, a basement or a shed tends to increase energy use, 

resulting from the additional heating required for the extra spaces/appliances (Guerra Santin 

et al, 2009).  

Furthermore, not only do home characteristics have a direct impact on energy 

requirement, they also indirectly affect household energy behaviour. Lindén et al. (2006) 

found that occupants of detached houses used lower thermostat settings than occupants in a 

multi-family flat. Another study comparing the experiences of occupants in a conventional 

building with those of the occupants of a green building suggested that the occupants in a 

green building tended to be more aware of environmental issues and behave in a pro-

environmental manner (Zalejska-Jonsson, 2012a). Furthermore, it was pointed out by de 

Meester (de Meester et al, 2013) that ‘the more the building is insulated, the more the 

lifestyle proportionally influences the heating loads’(de Meester et al, 2013). That is to say, 

highly insulated low-energy buildings constructed under current building regulations are 

more sensitive to household behaviour in terms of energy performance. 

2.2.2 Household behaviour 

Similar to the idea in Janda’s (2011) widely cited paper ‘Buildings don’t use energy: 

people do’, a realisation of the highly relevant roles played by building users has confirmed 
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the view that energy use is an element of social practice (Shove et al, 2012). In another word, 

energy is not used on its own but rather accompanies human activities, or ‘cultural energy 

services’, such as housework, entertainment, transportation, etc.(Shove et al, 2012). 

Sonderegger (1978) regarded household behaviour as a significant factor in energy use, 

suggesting that it contributed to 46% of variance in energy consumption. This was further 

explored by Gill et al. (2010), who found that even in low-energy housing, totals of 51%, 

37% and 11% of the variation in heat, electricity and water consumption, respectively, can 

be explained by occupant behaviour. Vale et al. (2010) thus strongly suggested the inclusion 

of domestic behaviour in the POE assessment, arguing that ‘Building regulations to save 

energy have been outweighed, in terms of resources consumed, by other consumer-led 

moves’ and that focusing only on technological advances and performance is not enough. 

Household behaviour is increasingly recognised by the energy research community as being 

a significant factor in discrepancies in energy use. 

Previous research has identified several factors affecting household behaviour. Most 

influential among these are the social and economic demographics of the household. For a 

household, individual household characteristics (size, income and age) (Groot et al, 2008; 

Guerra Santin et al, 2009; Kane et al, 2015; Liao & Chang, 2002; Sardianou, 2008), the 

presence of occupants (Groot et al, 2008; Guerra Santin et al, 2009; Sardianou, 2008) and 

ownership (Sardianou, 2008) are particularly significant factors related to behaviour variance 

and fluctuations in energy use. Meanwhile, research has also noted how other factors such as 

knowledge (Guerra Santin, 2011), attitude (Verhaller & Van Raaij, 1981), value patterns 

(Vringer et al, 2007), folk theories and personal beliefs (Feuermann et al, 1992) have a 

detectable influence on household energy behaviour and subsequent energy use.  

As concern about climate change has continued to push building standards to the high 

end of the energy efficiency spectrum, building characteristics have been significantly 

improved in the new generation of housing. These include high-U-value thermally insulated 

walls and roofs, double- and triple-glazed windows, minimum thermal bridging and airtight 

construction. Meanwhile, the technical system has also been made smarter to monitor and 

reduce energy use, incorporating, for instance, a programmable thermostat, smart meters, 

automatic blinds, etc. As a result, the ‘home characteristic’ domain has been greatly 

improved. However, improvements made through the adoption of advanced technology and 

smart controls have raised another issue for household behaviour. Research shows that 

smarter control panels and unconventional mechanical systems have caused problems for 

occupants in terms of their ability to effectively operate the smart system to its full potential. 
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Thus, the increasing trend for energy-saving technologies and their intuitiveness has 

attracted researchers to study the energy behaviour of occupants specifically in relation to 

‘smart systems’.  

Peffer et al. (2011) suggested that the usability of the household mechanical system has 

a significant impact on energy use. The research reviewed thermostat usage in American 

homes and found that half of the homes did not use programmable thermostats properly. The 

research also expressed concern that progressive innovation in thermostats (e.g. energy 

price-adjusted control) may fail to further save energy if not given a proper design interface. 

Digging deeper to examine the connection between occupancy and thermostat use, another 

study was conducted in which programmable and manual thermostats were differentiated. 

This research suggested that more often than not, occupants with programmable thermostats 

tended to have longer heating hours than those with manual thermostats or valves (Guerra-

Santin & Itard, 2010). Similarly, households with balanced ventilation (such as heat recovery 

ventilation) would tend to use it for more hours than households with conventional 

mechanical ventilation (Guerra-Santin & Itard, 2010). Shipworth et al. (2010) compared data 

on the temperatures and durations of central heating demand with building, technical and 

behavioural data based on the first national survey of energy use in English homes, 

concluding that contrary to assumption, adding controls does not necessarily reduce energy 

use. The counterproductive trend towards the adoption of smarter systems and controls 

therefore seems to have raised more questions than it has solved.  

To understand the reason behind this, more in-depth research has been carried out 

aiming to seek answers from occupants. It has been suggested that the design and interface 

of smart meters prove highly important in terms of inciting habitual energy-saving practice 

(Darby, 2010; van Dam et al, 2010). A more recent study by Pretlove et al. (2016) on social 

housing designed to CSH levels 3, 4 and 5 in England again confirmed the above research 

outcomes. Their research revealed issues including occupants rarely using automatic controls 

on a heating system; occupants not understanding how to properly use or maintain the 

MVHR system; and occupants generally ignorant about the benefits of the photovoltaic (PV) 

generation system in terms of operating it or recognising a malfunction. Much of this 

research was echoed in de Dear et al.’s (2013) review as they advocated for simpler and 

more intuitive controls when designing low-energy houses. On the other hand, Brown et al. 

(2009) argued that knowledge of low-energy buildings and how to operate the new 

technology according to its design intention should be effectively conveyed to occupants. 

Similarly, Isaksson et al. (2014) made recommendations for the support needed by occupants 
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to enable them to overcome difficulties in adapting to new technology and emphasised the 

need for initial demonstration/induction as well as ongoing maintenance and support. It has 

been revealed that making the control interface intuitive and effectively communicating 

necessary information to occupants are both essential to ensuring the performance of energy-

saving technologies in low-energy housing. 

So far, the research on household energy behaviour has focused on identifying 

household characteristics in relation to energy use or examining the intuitiveness of energy-

saving technology. However, as suggested by Majcen et al. (2015), another highly relevant 

notion – that of comfort – is used only as a pure evaluation indicator in POE research and is 

mostly neglected as a factor affecting energy-related behaviour. In support of such a 

statement, it has also been suggested by Ioannou et al. (2015) that the thermostat actually 

plays a minor role in achieving thermal comfort compared with bodily regulation (such as 

exercise), Research by Tsushima et al. (Tsushima et al, 2015) demonstrated that office 

workers’ awareness of electricity saving was connected more closely to their evaluation of 

indoor comfort than to their age or gender. Meanwhile, the context of comfort and its 

connection with socio-technical systems discussed earlier also suggests the necessity of 

examining and integrating the contemporary study of comfort. 

2.3 Comfort-initiated energy use 

More often than not, comfort is regarded as an evaluation standard in POE research. 

This has its limitations in that firstly, comfort has tended to be viewed solely as a 

performance measurement with which to evaluate the built environment rather than as a 

factor that influences energy use, whether directly or indirectly; secondly, comfort is 

regarded simply as a physical attribute rather than a more complex, highly individualised and 

sensational concept, especially in a domestic setting.  

Hinton (2010), in an extensive review of literature on comfort from a socio-technical 

perspective, outlined two categories of human comfort: a) comfort as attributes, and b) 

comfort as achievements. Following the same line of thinking, the following sections extend 

the analysis into comfort research from the architectural and engineering fields in order to 

draw a closer relationship between indoor comfort and the built environment. 

• Comfort as attributes 
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As part of efforts to effectively control and maintain the indoor environment, a 

mechanism for describing thermal comfort was established by Fanger (1970), expressed by 

the Predicted Mean Vote (PMV) and Predicted Percentage Dissatisfied (PPD), with the aim 

of informing building designers. The model calculates a group of complex environmental 

conditions including temperature and relative humidity and was based on a controllable 

chamber experiment. The model was adopted in ASHRAE Standard 55-2010 and required 

the satisfaction of at least 80% of occupants. The model has since been reviewed many 

times, being criticised by researchers for neither taking into account climatic and 

geographical variation in relation to human thermal perception nor for considering human 

adaptation. However, as argued in Heschong’s (1979) book, such a standard has devalued 

the ‘thermal delight’ by helping to deliver a uniform indoor temperature. Moreover, Shove 

(2003) argued that the static and rigid thermal standard enshrined in the ASHRAE codes 

required the indoor environment to be maintained by mechanical means, which ‘committed 

society to dangerously unsustainable patterns of energy use’.  

• Comfort as achievement 

Given the current concerns about sustainability in general and energy efficiency in 

particular, the research on environmental comfort has been renewed and reconsidered. 

Research has revealed that the fundamental criteria for comfort is also problematic in itself. 

Contrary to the perspective in which comfort is viewed merely as an attribute provided by 

the built environment and passively received by human beings, researchers have argued that 

an active process of ‘achieving comfort’ has brought human actors into an active role. Ever 

since the 1970s, the comfort model in built environment research has been undergoing a 

major paradigm shift from the PMV/PPD to the ‘adaptive comfort’ model (de Dear et al, 

2013; Humphreys & Nicol, 1998). This model integrates humans’ perceptions and activities 

with their specific outdoor environments, suggesting the concept of comfort is not a static 

measurement but rather is a dynamic and dependent perception closely related to regional 

climatic conditions and local cultural and social norms.  

Ever since the establishment of the adaptive comfort model, the PMV/PPD model has 

been increasingly criticised. Shove (2003), in her research, suggested that a centrally 

controlled mechanical service system and uniform indoor environment had led to the view of 

buildings as ‘climate fortresses’, and the expectations of such a narrow-ranging built 

environment were putting society at risk of high energy consumption. On the other hand, a 

growing body of research has been dedicated to further proving the validity of the adaptive 
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comfort model. Research has demonstrated the various perceptions of and preferences for 

comfort held by people living in different cultures and climatic conditions. It has revealed 

that people in different climatic zones have different perceptions of what could be considered 

a comfortable temperature: from 6 degrees (in the Antarctic winter (Goldsmith, 1960)) up to 

31 degrees (in Pakistan (Nicol et al, 1999)). A recent study carried out in India by Mishra et 

al. (2015) suggested that students in naturally ventilated schools had a wider range of 

comfortable temperatures and regularly made adaptations to their clothing and activities, in 

addition to using fans. Similarly, another study on household energy use in New Zealand 

surprisingly identified a cultural fondness for low room temperatures (Isaacs et al, 2010). 

Based on these research studies, Chappell et al. (2005) stated that designers and engineers 

should aim to ‘specify an environment in which people can make themselves comfortable’, 

or ‘to provide opportunity for the alleviation of discomfort (Chappell & Shove, 2004). Such 

examinations of real-life energy use that put the occupants in the centre of household energy 

consumption underpin the significance of adaptive comfort research in POE. 

The adaptive comfort model advocates individual control, natural ventilation and 

passive design, suggesting that occupants of naturally ventilated buildings have a wider 

range of comfort and adaptive opportunities (Baker, 1996). The adaptive process was also 

identified in de Dear’s (1998) research. The three adaptive processes include behavioural 

feedback (adjustment), physiological feedback (acclimatisation) and psychological feedback 

(expectations and habituation) (de Dear, 1998) (Table 2.1).  

Behavioural feedback Physiological feedback Psychological feedback 
 
All modifications a person 
might consciously or 
unconsciously make that in 
turn modify heat and mass 
fluxes governing the body’s 
thermal balance. Adjustment 
can be further subclassified 
into:  
• Personal (e.g. removing an 
item of clothing), 
• Technological (e.g. turning 
on an air conditioner), and  
• Cultural responses (e.g. 
having a siesta during the 
hottest part of the day). 
 

 
Changes in the physiological 
responses that result from 
exposure to thermal 
environmental factors, and 
which lead to a gradual 
diminution in the strain 
induced by such exposure. 
Including: 
• Genetic adaptation 
(intergenerational)  
• Acclimatisation (within the 
individual’s lifetime). 
 

 
An altered perception of, and 
reaction to, sensory 
information. This can result 
from: 
• Experience 
• Expectations 
Relaxation of expectations can 
be likened to the notion of 
habituation in psychophysics, 
where repeated exposure to a 
stimulus diminishes the 
magnitude of the evoked 
response. 

Table	2.1:	Adapted	from	de	Dear	et	al.	(1998)	
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Rather than viewing occupants as passive receivers and as negative factors with a 

tendency to diminish the effects of a smart system, Jaffari et al. (2009) believed that building 

users should be regarded as active controllers who adapt and practise comfort. Their research 

has further suggested that centrally controlled systems, especially in low-energy housing, 

offer limited scope for adaptive actions to take place. In support of Jaffari’s statement, 

Williamson’s in-depth analysis (2010) of five Australian houses demonstrated their 

occupants’ active role in adapting to or making minor adjustments to naturally vented 

dwellings. The occupants expressed satisfaction with their home environment, even though 

the buildings did not comply with the new Building Code of Australia standard in terms of 

energy efficiency design. The occupants displayed a fondness for ‘indoor conditions that 

fluctuate with external conditions’, and considered ‘openness, connection with the outside’ 

more important than a conventionally defined thermal comfort standard. More interestingly, 

the households also used less energy than the average. The case study addressed the 

acknowledgement of ‘individual preferences, technical concerns, bio-climatic matters and 

the socio-political context’ in assessing comfort and sustainability in buildings (Williamson 

et al, 2010).  

In terms of control opportunities, research has also shown that factors such as sufficient 

knowledge and access to controls (such as opening windows, adjusting lighting and 

ventilation) contribute to satisfactory thermal and visual comfort (Brager et al, 2004; Sadeghi 

et al, 2016), reduce health issues (such as eye strain or headaches) (Day & Gunderson, 2015) 

and increase the comfortable temperature range (Humphreys, 2005; Nicol & Humphreys, 

2010). The combined above-mentioned research has demonstrated the validity of the 

adaptive comfort model and the importance of making a thermal comfort standard ‘directly 

relate to the occupants’ own perception of whether a space in a building is providing 

adequate comfort in the local context’, and the ability of the occupants to ‘manage their own 

personal thermal comfort experience through interaction with the building’ (Roaf et al, 

2010).  

The study of comfort using sociological and socio-technical theories has progressed 

almost hand in hand with the groundbreaking research on adaptive comfort initiated by 

physicists and engineers. This strand of research has revealed phenomenon that are often 

overlooked by built environment studies. It has been observed by Shove (2003) that 

occupants’ behaviour relating to high energy use was sustained by ‘household infrastructures 

and familiar domestic technologies’ (Shove, 2003). In other words, the paradigm of 

traditional lifestyle and technical equipment posed obstacles to sustainable behaviour. 
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Likewise, a study on a UK social housing retrofit scheme compared occupants’ knowledge 

and behaviour relating to energy use before the retrofit and suggested that adapting habitual 

household behaviours into a more sustainable style plays a much more important role in 

energy saving (Elsharkawy & Rutherford, 2015). Cole et al. (2008) suggested the notion of 

‘interactive adaptivity’ which enables users to examine and adapt their ideology at the same 

time as learning with technology. The importance of this connection between comfort 

practice and technological innovation was also confirmed by Shove et al. (2008). Notably, 

another strand of research, led by Hendrickson et al., has identified the importance of 

community network, building management and governance to energy consumption patterns, 

and called for more consideration of building management to effectively involve people 

directly in the local governance of their own housing developments (Hendrickson & 

Wittman, 2010).  

To summarise, the research focusing on adaptive comfort in low-energy house suggests 

the need for a much more active and effective role for occupants. The performance of such 

housing depends on a deeper understanding of how the occupants perceive indoor comfort as 

well as their adaptive behaiours in relation to it.  

2.4 Passivhaus research overview 

• Passivhaus as an ‘attribute’ 

Study on the post occupancy of Passivhaus began during the last decade in Sweden. 

According to Mlecnik (2012), a considerable amount of German-language research has been 

carried out regarding occupants’ experience. The results showed that the majority of 

occupants living in Passivhaus expressed high levels of satisfaction in terms of comfort and 

energy saving. However, in Mlecnik’s (Mlecnik et al, 2012) own research on two Passivhaus 

households, problems were encountered, including noise produced by the MVHR system, 

uneven temperatures and dry air. Other recent research in Denmark and Sweden has 

confirmed these findings in addition to addressing design issues identified as contributing to 

occupants’ reduced comfort (Brunsgaard et al, 2012; Rohdin et al, 2014). Touhy’s (2009) 

report on the first Scottish Passivhaus specifically addressed issues relating to construction 

quality, among others. The above-mentioned early studies of occupants’ experiences in 

Passivhaus have provided a foundation and direction for further research; however, further 

research is needed on the post-occupancy period. Research on Passivhaus in recent years has 

tended to focus on air quality (McGill et al, 2014), the efficiency and performance of the 
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technical system (Rekstad et al, 2015; Ridley et al, 2013) and, most of all, on overheating 

issues (Lavafpour & Sharples, 2015; McLeod et al, 2013; Sehizadeh & Ge, 2016; Tabatabaei 

Sameni et al, 2015).  

The research on MVHR and air quality has addressed the importance of MVHR from 

the design to the in-use stage. It has been revealed that occupants prefer a natural supply of 

fresh air as an alternative to an MVHR system such as mechanical extraction ventilation 

(Balvers et al. (2012). However, whenever natural ventilation was not an option, the 

efficiency of MVHR became crucial. McGill et al.’s (2014) study of three Passivhaus 

households showed a high level of carbon dioxide (>1,000 ppm) recorded in all monitored 

households during both the summer and winter months, suggesting insufficient ventilation. 

The accompanying interview with the occupants also indicated a lack of information and 

support relating to use of the MVHR system. More recent research into MVHR efficiency in 

237 dwellings in the UK (Sharpe, 2015) revealed that 83% of MVHR systems 

underperformed while 71% failed design performance criteria. The research showed that 

none of the houses met the requirement for indoor air quality (IAQ) of 8 l/s/p, and 42% of 

the houses surveyed failed to meet to the requirements for moisture control. The research 

also revealed that of the seven surveyed seven Passivhaus projects, though the occupants 

displayed higher satisfaction, issues such as missing vents in bedrooms, unbalanced 

ventilation systems, low accessibility for filter cleaning, noise, lack of occupant knowledge 

and insufficient maintenance and support continued to be reported.  

Meanwhile, recent research has shown a significant risk of summer overheating in 

Passivhaus in the UK, with 72% of the surveyed Passivhaus households exceeding the 

benchmark (Tabatabaei Sameni et al, 2015). The same research also indicated the 

importance of household behaviour in the prevention of overheating. Since the current 

Passivhaus standard sets a fixed threshold temperature as the overheating benchmark (25 

degrees for more than 10% of the total occupied hours) without consideration of external 

conditions or household characteristics (such as old age), the design method does not give an 

accurate prediction of summertime indoor temperature. Rojas’s (2015) study of 18 

Passivhaus suggested that most significantly exceed the Passivhaus criterion (i.e. 10% 

≥25°C). The research also found that top-floor flats were much more vulnerable than those 

on other floors. 

The above-mentioned research focused on evaluation of the Passivhaus, with building 

occupants, whose perceptions were gained through surveys and interviews, tending to 
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perceive themselves as passive entities in the space. Borrowing the concept from previously 

examined comfort research, the above-mentioned research thus tended to see the Passivhaus 

as an ‘attribute’ that provides comfort, with minimum interaction required from its 

occupants. In contrast, research that adopted an adaptive comfort ideology has shown 

promising results and validity in terms of studying the occupants’ lived experience. From 

this perspective, the Passivhaus system is regarded as an ‘achievement’. 

• Passivhaus as an ‘achievement’ 

Compared with other low-energy housing, one distinct feature of the Passivhaus is its 

MVHR system. This allows occupants to control ventilation fan speed to regulate the 

temperature and airflow in the airtight house without the need to manually operate windows. 

The system is integrated and smarter features have been developed, such as programmable 

controls. This new system, along with other technologies in a Passivhaus, requires a certain 

understanding and technical knowledge on the part of occupants.  

Meanwhile, distinct from the learning process, home occupants will develop habitual 

strategies for using the controls as part of their daily routine. In learning to use the 

Passivhaus system, the occupants develop an understanding of the control panels and the 

principles of MVHR. However, the Passivhaus system needs to be fine-tuned to be 

compatible with individual’s needs. A fine-tuned system can only be achieved through daily 

interaction and adaptations in habitual strategies. Those strategies include changes in 

household behaviour such as laundry schedules and thermostat settings, as well as 

psychological changes such as the increased awareness of energy use.  

Behavioural change has been recorded in previous research on Passivhaus occupants. 

For instance, due to the presence of large south-facing windows, behavioural change 

occurred whereby the occupant participants either stayed away from windows or used 

curtains. Participants’ ventilation habits also changed, with a shift from them manually 

operating windows to using programmable controls (Brunsgaard et al, 2012). Another study 

comparing feedback from three pairs of occupants of both Passivhaus and conventional 

houses suggested that the Passivhaus occupants tended to behave with greater regard for the 

environment and have greater control and awareness of their energy use (Zalejska-Jonsson, 

2012b). In terms of specific behavioural factors, one piece of recently completed PhD 

research (Blight, 2015) focused on the behaviour of Passivhaus occupants in the UK. The 

research in question predominately used a computer simulation method and questionnaire 

survey with the occupants of two new-build Passivhaus projects in Devon, UK. Behaviour 
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factors measured included occupancy level, thermostat setting, equipment and lighting 

control and window opening. Moreover, Stevenson’s (2013) research shed light on potential 

reasons for occupants’ mal-behaviour. Stevenson surveyed the usability of mechanical 

controls in a Passivhaus project using a combination of a Likert scale and open-ended 

comment box for a better observation of occupants’ habitual behaviours and attitudes. The 

research suggested the following: ‘These habits can effectively bypass thoughts about values 

and motivation and are highly dependent on the usability of control interfaces’ (Stevenson et 

al, 2013 p.70). On the other hand, Schoenefeldt (2014) suggested that the availability, or not, 

of educational assistance may be another important factor in explaining occupants’ 

behaviour. Schoenefeldt’s team (Schoenefeldt, 2014) reviewed 14 Passivhaus (including 

seven residential projects) in the UK using a mixed methods approach and made 

observations and suggestions for the building industry. They also stressed the importance of 

educational assistance over a longer period, such as the ‘soft landing’4 approach. 

Notably, another issue reflected in the Passivhaus literature is occupants’ opinions and 

preferences for uniformity of indoor temperatures across different dwellings. A case study by 

Sassi (2013) examined the adaptive behaviours of Passivhaus occupants. The research 

compared the energy use of two very similar flats built to the Passivhaus standard in the UK, 

the main difference being that one flat was operated using an MVHR system for the winter 

and most of the summer while the other was naturally ventilated (the resident never switched 

on the MVHR system), with non-uniform temperatures recorded throughout the house (15.5 

˚C–21 ˚C between rooms). Both occupants regarded their home environment to be 

comfortable, with the naturally ventilated Passivhaus achieving lower energy consumption. 

In contrast, however, another study involving 18 monitored Passivhaus dwellings (Rojas et 

al, 2015) presented an average living-room temperature of 23.5 ˚C, with 18% of occupants 

stating that they wanted the temperature to be even warmer. 

Among the various research on Passivhaus, very rarely was the focus specifically on 

architectural design. The only research with such a focus was that conducted by Lavafpour 

(2015). In his research, he focused on architectural geometry as a passive strategy in 

response to overheating. His study used computer simulation as primary research method.  

                                                        
4 Soft Landings is a BSRIA (The Building Services Research and Information Association)-led 
process designed to assist the construction industry and its clients deliver better buildings. 
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2.5 Summary 

It has been demonstrated in the literature that in seeking to respond to climate change, a 

considerable amount of effort has been expended to improve current building standards. A 

more recent approach focusing on occupants has provided new insights and information in 

terms of understanding the nature of energy use. The effort made by researchers from a 

variety of disciplines to re-examine environmental comfort in relation to the current patterns 

of high energy consumption in our society has been particularly invaluable to the field of 

energy research. The study of comfort and domestic space and activity has the potential to 

inform building professionals on ways to further improve the performance of low-energy 

dwellings and, more importantly, to provide the opportunity for adaptive comfort and a 

sustainable lifestyle.  

In can be observed from the previous literature that the concept of comfort is 

underexplored in low-energy housing in the context of socio-historical and sociocultural 

perspectives. The importance of understanding comfort from these perspectives has been 

convincingly advocated by many researchers in recent research. On the other hand, advances 

in new technology and mechanical systems continue to attract researchers to examine low-

energy homes in terms of their socio-technical aspects and occupants. The high relevance of 

this issue in relation to occupant behaviour and sustainable living makes it another area for 

examination in the context of Passivhaus living. The Passivhaus is a representation of a 

high-performance, low-energy prototype of sustainable architecture, and this new typology 

embodies a new standard of comfort, the social implications of which are yet to be explored.  

This review of the Passivhaus literature has provided rich information on current issues 

relating to the Passivhaus as an energy-efficient machine. However, it has delivered little 

insight into the experience of living in a Passivhaus as a home. Occupants’ various 

preferences regarding temperature shown in the research begin to suggest that the concept of 

comfort in the Passivhaus should not be considered as thermal performance data in its own 

right. Instead, the literature review provides a strong indication of the need to build a holistic 

understanding of the daily lives of Passivhaus occupants in order to informatively make 

recommendations for improving Passivhaus design, in turn providing their occupants with a 

sustainable living environment.  

Meanwhile, the research conducted on POE and experience currently involves more 

quantitative than qualitative research. The quantitative approach has provided valuable data 

for understanding the variables, but qualitative approaches will be able to identify and help 
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to create a better understanding of occupants’ lifestyles, experiences and behaviours. The 

following chapter will discuss the research methodology in depth. 
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CHAPTER 3   METHODOLOGY 

The previous research on post-occupancy evaluation (POE) highlighted the importance 

of occupants’ control as well as the concept of comfort as a much neglected and 

misunderstood factor contributing to variations in energy behaviour and resultant energy use. 

This research also intends to explore new avenues in POE research that have not been fully 

addressed through the focus of existing research. The inclusion of a new perspective on POE 

research on the Passivhaus is intended to make more meaningful correlations with the 

perspective of architectural design and construction. In employing alternative research 

methodology, the study aims to achieve an in-depth understanding of the type of home 

environment and sustainable living that could be provided by low-energy housing. The 

methodology for this research has thus been purposefully chosen and devised to capture a 

holistic experience of Passivhaus occupants and build up a comprehensive framework for 

describing Passivhaus living. This will then assist with the establishment of correlations 

between architectural design and POE research in the Passivhaus. 

The methodology for this research is firstly presented with the overall research 

framework. It will be further explained and pre-tested with a pilot study to better clarify the 

research design and refine the data collection and analysis procedure. The lessons learned 

from the pilot study will be taken into consideration when fine-tuning the detailed research 

framework. The validity of the research design is discussed at the end of this chapter. In 

acknowledging the limitations and practical difficulties that have occurred in this study, the 

validity and reliability of the research methodology are proved to be sound in both a 

theoretical and practical sense.  

3.1 Research design: Grounded theory-guided multiple case 

study approach 

The nature of the research inquiry into the lived experience of Passivhaus occupants 

has determined the epistemological basis of this research to be constructivist with an 

inductive approach. The proposed research takes post-occupancy research on the Passivhaus 

from an alternative perspective, wherein the sociocultural and socio-technical construction of 

occupants’ daily lives in Passivhaus are taken into consideration together with their habits 

and behaviour in terms of energy use. The perceptions and behaviours of occupants are 

influenced by innovative technologies and the architectural design of buildings to the 

Passivhaus standard. Therefore, ideas about occupant comfort need to be reconsidered in 
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light of this. Meanwhile, in order to correlate architectural design with the occupants’ lived 

experience, the architectural features of each Passivhaus project also need to be built into the 

data collection, thereby indicating the involvement of a significant volume of collectable 

data in this research. The complexity of a design and construction project also suggests that a 

deeper and more holistic analysis on a case-by-case basis is more appropriate for the purpose 

of this study. The data collection and analysis need to be organised within an appropriate 

framework, whereby different types of data can be correlated and/or triangulated effectively 

in order to draw meaningful conclusions.  

Based on the epistemological approach, a few alternative methodologies were 

considered. The most appropriate and practical methodology for this research was 

subsequently determined to be a combined strategy using grounded theory as the 

methodological framework for theory development while adopting a multiple case study 

approach as the data collection method. The next section will discuss these two approaches 

and the merits of combining them in order to fulfil the objectives of this research. 

3.1.1 Grounded theory as a methodological framework 

Grounded theory is a well-established methodology in the field of social research. It 

entails an inductive process that is derived from the study of the phenomenon it represents 

(Glaser & Strauss, 1967; Strauss & Corbin, 1990). It has been used extensively in 

sociological and psychological studies of behaviours and experiences, but has not been 

widely employed in the field of architecture and the built environment. Primarily a theory-

building methodology, grounded theory is typically used to collect and analyse data derived 

from semi- or non-structured interviews. It offers a systematic framework for sampling, data 

analysis and theory generation. It is therefore highly appropriate for adoption here in order to 

provide a holistic and coherent framework for the study of occupants’ experiences and the 

related social, architectural and technical context. 

The reasons why a grounded theory framework is deemed appropriate for this research 

are threefold. Firstly, grounded theory is considered to offer the potential to make a great 

contribution to a relatively new field and/or bring a fresh perspective to areas in which 

extensive research has already been conducted. As stated, one of the objective of this 

research is to bring an alternative perspective to POE research in low-energy dwellings in 

order to better understand sustainable living from a socio-technical and sociocultural point of 

view, in addition to addressing sustainability issues other than energy efficiency. Applying 

grounded theory to the analysis of occupants’ behaviours and experiences in a social context 
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allows relevant themes to emerge not only from built environment field but also from a 

holistic range of domains. Secondly, the rigid structure of grounded theory greatly simplifies 

what would otherwise be an at times unmanageable amount of data in qualitative-dominated 

research. Thirdly, grounded theory focuses on theory development and is unique in the way 

that it takes a concurrent approach to both the collection and analysis of data. Therefore, the 

processes of data collection and analysis in this research will be carried out simultaneously, 

thus permitting a gradual increase in the theoretical sensitivity5 of the researcher and also 

enabling precision in the sampling of appropriate cases for theory building. This allows the 

researcher to have an open-ended conceptual framework and to gather relevant 

aspects/concepts as the collection of data progresses, to a point where no further pertinent 

information emerges for use in generating a theory.  

The framework of the grounded theory approach follows a three-step data collection 

and analysis process: 

The first step is termed ‘open coding’ and is aimed at the acquisition of as much 

relevant information as possible from the interview on the field of focus. The interview is 

often semi- or non-structured to ensure a grounded view on the subject matter. This allows 

the researcher to study a single case on a deeper level before moving on to the next case. The 

analysis of the data primarily uses a ‘coding’ technique. Coding refers to the analytical 

procedure adopted in grounded theory and involves the separating out of the interview 

transcript(s) into conceptual categories as a basis for further approaches.  

The second step is ‘axial coding’ which, as suggested by its name, involves the 

reassembly of data followed by ‘making connections between categories by utilising a 

coding paradigm involving conditions, context, action/interactional strategies, processes and 

consequences’ (Strauss & Corbin, 1990 p.229). The aim of this step is to discover 

relationships and causal links between the categories generated in the first step.  

The final step is termed ‘selective coding’. This involves selecting ‘the core category, 

systematically relating it to other categories, validating those relationships, and filling in 

categories that need further refinement and development’ (Strauss & Corbin, 1990). This is 

the most important step in terms of theory development as it combines all of the data and 

                                                        
5 Theoretical sensitivity in Grounded Theory Methodology refers to the attribute of having insight, the 
ability to give meaning to data, the capacity to understand and the capability to separate the pertinent 
from that which isn’t. Corbin, J. M. (2008) Basics of qualitative research : techniques and procedures 
for developing grounded theory, Third edition.. edition. Los Angeles, Calif. ; London: Los Angeles, 
Calif. ; London : Sage Publications. p.42 
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analysis from the previous steps into a holistic narrative from which a substantive theory can 

then be generated. In this case, the generated theory is the description and exploration of 

Passivhaus living. 

However, it is important to note that the three steps making up the grounded theory 

approach are connected in a non-linear fashion. The approach employs a constant 

comparative analysis whereby the process of data collection and analysis are carried out 

almost simultaneously. The sampling and data collection are thus informed by the previous 

data analysis and the theory-building process. The sampling is hence termed ‘theoretical 

sampling’. An extensive description of how grounded theory methodology has been applied 

in this research will be presented in more detail in the chapter on data analysis in this thesis. 

There is also a glossary appended to this thesis. 

In summary, the analysis process in grounded theory methodology can be illustrated 

using the following sequence: 

Raw data => Codes => Concepts/Themes => Categories => Theory. 

Besides the three-coding process, certain techniques are employed to ensure the rigour 

of the data analysis procedure. The two most important techniques used in this research are 

constant comparative analysis and memoing. 

• Constant comparative analysis 

To ensure the threefold coding process achieves its maximum potential, analysis of the 

interview data employs the ‘constant comparative analysis’ approach specified in grounded 

theory methodology. This constant comparative analysis of data is used throughout the 

process and enables the researcher to be closely connected with both the data and 

conceptualisation. In uncovering aspects of the occupants’ daily lives that have changed, the 

data need to be coded and grouped into categories, but more importantly, this process of 

coding and analysing needs to be conducted in a non-linear fashion in order to generate a 

coherent theory capable of answering the research question. Constant comparative analysis is 

more suited to this particular purpose because it ‘enjoins the researcher constantly to 

compare phenomena being coded under a certain category so that a theoretical elaboration of 

that category can begin to emerge’ (Bryman, 2012 p.568). The implications of this are, 

firstly, when coding each ‘incident’, the incident has been compared with previously coded 

incidents in the same category. Secondly, across different categories, constant comparative 
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analysis enables a connection to be made between one developed category and other 

categories as they emerge, so as to make related theoretical sense of each comparison (Glaser 

and Strauss, 1967). Finally, in theory generation, constant comparative analysis helps to 

delimit the original set of theoretical categories and properties to uncover underlying 

uniformities that will formulate a theory that can be further generalised. 

• Memoing 

‘Memoing’ offers a way for the researcher to reflect on the predominant themes in the 

coded interview for the purpose of theoretical development, in order to build up a theoretical 

sensitivity to the subject matter as well as to discover potential data to be collected in the 

next stage. It can be adopted in all three stages of the coding process but is especially 

important when used in the axial coding stage. By writing down the researcher’s thought 

process on how individual interviews are connected either internally and/or with other 

interview data, the researcher is able to discover a chain of reaction to sufficiently describe 

the studied subject matter. 

The specific requirement set out in the Passivhaus standard has provided the study’s 

projects with a sufficient amount of comparability. Hence, it is appropriate to use grounded 

theory to effectively collect and analyse interview data with the occupants of different 

Passivhaus buildings. However, unlike most of the social studies to have adopted a grounded 

theory methodology, the experiential data in this research are highly contextual in nature. To 

be more specific, Passivhaus as a building quality standard embodies a certain set of features 

that are shared by every Passivhaus project, but the variations in location, design and 

construction of each Passivhaus building make it problematic to discuss each individual 

Passivhaus outside of their corresponding context. Thus, for this research, a grounded theory 

framework alone is insufficient to wholly satisfy the research aim. A supplementary method 

is needed to fill the gap in grounded theory where contextual evidence can be effectively 

collected and organised for analysis. The case study approach has thus been considered as a 

secondary framework for use in this research for its ability to handle highly contextual data. 

The possibility of extending the grounded theory framework to include a multiple case study 

approach has been explored. 

3.1.2 Research design: Embedding the case study method within the 
GTM framework 

Case study as a research method has been widely used in architectural and built 

environment research, being particularly suitable for use in understanding a highly context-
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related building project. However, there is ongoing debate around whether or not a case 

study approach can be considered a stand-alone methodology due it being viewed as lacking 

in methodological detail (Hyett et al, 2014). In a widely cited book by Yin (1994), the case 

study method has been described as ‘an empirical inquiry that investigates a contemporary 

phenomenon within its real-life context’(Yin, 1994 p.13). This emphasises the inseparable 

relationship between the case in question and its complex and dynamic real-life environment. 

Case study also features a combined approach of quantitative and qualitative methods and 

emphasises the use of multiple sources of evidence and their correlation for exploring, 

describing or explaining a certain phenomenon.  

Reflecting on the proposed research, the use of a multiple case study method as a 

secondary framework with which to examine each Passivhaus project is particularly 

beneficial in the way that, firstly, a context-specific view of each project can be established 

where emphasis is placed on the fundamental interrelationship between architecture and its 

economic, cultural and environmental background. It also provides a link to cross-reference 

experiential data from each interview with its corresponding case – the architectural and 

technical features of each Passivhaus project. Secondly, it enriches the study of each 

Passivhaus project with a variety of data points (such as architectural drawings, 

photographic evidence, documentation, etc.) to be converged in a triangulating or correlating 

fashion, where quantitative data can be connected more effectively with qualitative 

interviews; and, lastly, compatible with grounded theory methodology, the case study 

method has the capacity to be generalised to theory, especially in respect of a multiple case 

study design. The repetition of each case study can be used to test the generalizability of the 

emerging theory (Groat & Wang, 2013).  

For the purposes of this study, the multiple case study method is considered to be both 

supplementary and complementary to the grounded theory methodology. The research 

design is thus constructed to purposefully and effectively combine these two approaches. 

The possibility and potential benefit of combining grounded theory with the case study 

method was explored by Fernandez et al. (2011). Their research presented a strong argument 

for extending the traditional grounded theory to employ a case study method of research, 

highlighting how a combination of the two methods can prove invaluable in the study of the 

experiences of human actors in social and technical settings. Based on the characteristics and 

designs of the two approaches, the main points of examination include the role of theory, 

sampling and the unit of analysis. 
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The role of theory has always been a point of debate among grounded theory 

theoreticians (Dunne, 2011). Glaser (1967) insisted that the theoretical positions adopted in 

previous literature should be ignored prior to the proposed data collection and analysis, to 

ensure that the theory generated from the research remains fully grounded. Strauss and 

Corbin (1998), in contrast, suggested that previous research and theory can be considered 

and engaged in ‘all phases of the research’, as long as the researcher remains unbiased and 

does not allow the previous research to ‘impose itself’ on the process of theory generation 

and development. The latter approach regarding the role of theory has been appraised by 

many as a practical and beneficial means of conducting grounded theory research (Dunne, 

2011). Differing from truly grounded phenomenon-explaining and theory-building research, 

the exploratory nature of the proposed research renders it possible for an illustrative type of 

theory to be acquired, by which the data collection procedure can be rightly informed. In this 

research, illustrative types of theories are acquired through literature review prior to data 

collection and are used to contextualise the proposed research (McCann & Clark, 2003) and 

form a basic ‘sensitising concept’6 (Coffey, 1996; McCann & Clark, 2003) and certain 

‘theoretical sensitivity’ (McCann & Clark, 2003; Strauss, 1998) for use in designing the 

semi-structured interview of the pilot study. In order not to ‘impose’ any theoretical 

background from previous research, the semi-structured interview questions in the pilot 

study are carefully phrased, and the conversation follow interviewees’ answers to form the 

following questions.  

As previously mentioned, the processes of data collection and analysis are carried out 

simultaneously in grounded theory. The sampling of the subject is thus not completed in one 

single, fixed period, and the sample size is not determined prior to data collection. The 

selection of each case study after the pilot study follows the logic of ‘theoretical sampling’. 

Since the purpose of grounded theory methodology is to develop useful conceptualisations, 

the selection of cases needs to be appropriate for theoretical construction rather than be 

representative. The sample size in grounded theory methodology is determined by 

‘theoretical saturation’. This means:  

1) No new or relevant data seem to emerge regarding a category; 

2) The category development is dense, insofar as all of the paradigm elements are 

accounted for, along with variation and process; 

                                                        
6 Secondary sources such as articles, novels and diaries are valuable sources of sensitising concepts. 
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3) The relationships between categories are well established and validated. 

(Corbin & Strauss., 2008)) 

Similarly, in a multiple case study, it was specified by Yin that ‘each case should serve 

a specific purpose within the overall scope of inquiry’ (Yin, 1994 p.45). The sampling in this 

research has been designed to reflect the specifications of both approaches. As suggested by 

Fernandez et al.(2011), the selection of the cases and their nature and attributes should 

follow a ‘two-layered cycle of theoretical sampling’, the first being ‘within case sampling’, 

which means that the selection of data needs to focus on more ‘slices of data’, i.e. to 

maximise the conceptual categories that can be generated in order to saturate the categories. 

Once the current case has ceased to provide any new categories, cross-case sampling is 

needed. In cross-case sampling, data collected from the previous cases are analysed to build 

up categories and certain hypotheses, and the selection of the next case is purposefully made 

to contribute to a continuation of hypotheses testing. The unsaturated categories can be 

enhanced in the following case to help with the development of the theory. 

The unit of analysis in grounded theory is often defined as an ‘incident’, whereby a 

more abstract category can be extracted from the raw data to help in the construction of a 

theory. The unit of analysis can be either holistic, with only one unit to analyse, or 

embedded, with multiple units to analyse. The units involved in case study data collection 

can derive from a variety of sources, including interviews, documents, observations, archival 

records and artefacts. Using grounded theory in analysing case study evidence enables the 

potentially unmanageable amount of data to be systematically analysed within a rigid 

theoretical framework, while the multiple case study design enables the emerging theory 

from grounded theory methodology to be tested and for the process to be replicated. 

Grounded theory also provides a step-by-step guide to connecting each unit of analysis into a 

network of theory generation that would not be achieved using the case study approach 

alone. 

Following the comparison above, the research framework has been created to reflect a 

combined grounded theory and multiple case study design. 
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Grounded theory analysis steps Results and 
deliverables 

Case study method 
mapped on to 
grounded theory 
framework 

3 Open coding  
 
The first step takes each ‘slice of data’ from a 
single case and analyses it using open coding in 
grounded theory methodology. This step helps to 
discover basic categories in one case study.  

 ‘Raw’ codes, 
categories and 
properties 

Within-
case 
analysis 

 

4 Axial coding and case story telling 
 
The second step examines the raw categories that 
emerged from the first step, reviews them against 
the narrative of the case in order to refine the raw 
categories into more substantive categories and link 
the categories with a coding paradigm involving 
conditions, context, processes and consequences 
(Strauss & Corbin, 1990). Meanwhile, this step 
also starts to compare data from different cases in 
order to refine the linkage. 

Refined and 
interrelated 
categories 

Cross-
case 
analysis 

5 Selective coding  
 
The third step examines the categories in terms of 
their importance to the studied phenomenon. This 
step identifies the central category/categories that 
can link other categories to form a holistic 
narrative, and subsequently, to generate a 
substantive theory. 

Core categories and 
their linkages to 
other categories and 
formed ‘first-
generation’ theory 

6 Comparative analysis - replicate the first three 
steps for the second, third… case study 
 
While replicating the coding process for the other 
case studies, at the same time uses comparative 
analysis from grounded theory to match and/or 
compare different categories and relationships to 
have emerged from different cases, in order to 
refine the core categories. 

Compare the case in 
hand with previously 
analysed cases in 
turn, distilling any 
new categories and 
relationships from 
different case 
studies.  

 

7 Theoretical framework  
 
This step seeks to refine the theoretical framework 
by comparing each ‘generation’ of narrative with 
the previous one. 

Refining the theory 
to represent the ‘nth-
generation theory’. 

 

8 Final substantive theory 
 
The grounded theory analysis and case study analysis reach the same end point of the generation of 
a final substantive theory.  

Table	3.1:	Combined	framework	of	GTM	and	case	study	method,	adapted	from	Fernandez	(2011)	
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3.1.3 Use of CAQDAS 

During its early stages, this research used NVivo computer-aided qualitative data 

analysis software (CAQDAS) to help with data organisation and analysis. This enables an 

organised system of coding and cross-referencing to be established and provides various 

ways in which to retrieve and analyse data. It can help to identify the predominant themes in 

a conversation through their coverage percentage in the interview and make connections 

between two coded themes in order to discover their relationships and chain of reaction.  

3.2 Pilot study – Project PL 

Following the research framework established for this research, a pilot study was 

carried out. The pilot study was conducted with the purpose of refining the data collection 

plans, clarifying the research design as well as the generation of raw categories. The 

selection of the pilot case study followed the criteria of accessibility and geographic 

proximity, thereby allowing a ‘less structured and more prolonged relationship to develop 

between the interviewees and the investigator’ (Yin, 2009). The inquiry for the pilot study 

was set up to include a much broader area and to cover both substantive and methodological 

issues. This pilot study has in many ways set the basis for this research.  It enabled a 

simultaneous examination of architectural form, the technical system and the occupants’ own 

perception of comfort. At the same time, it confirmed the importance of architectural design 

to the comfort experienced by the occupants, and uncovered themes that were common to all 

of the case studies. It also tested and refined the research method. The following will present 

the pilot study as an example of the analytical procedure.  

The pilot study used a certified single-family, detached Passivhaus (Project code: PL) 

located in the Scottish borders. The house was built in 2011 and is occupied by a retired 

couple. The building comprises 297 m2 of interior space, is located on a slope running from 

east to west and has living space (a sitting and dining room, workshop and study) on the 

ground floor, with bedrooms on the first floor. A curved façade containing a double-height 

space divides the building into two sections, with the sitting room and master bedroom 

separated from the other rooms. The master bedroom and sitting room also benefit from huge 

south-facing glazing. The structure uses the Brettstapel timber system which employs no 

glue or other toxic elements in its fixings, thus ensuring an airtight envelope. The Brettstapel 

panels were pre-made in Austria prior to being transported to Scotland. As a result, the 

Brettstapel cost 25% more than a conventional timber frame due to the associated transport 

costs and unfavourable exchange rates (Magazine, 2011). The project uses a wood burner 
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and Paul 300 MVHR system for heating and ventilation. It also employs solar thermal 

storage for domestic hot water. The project was reported to have an annual heating demand 

of 14kWh/(m2a) and a primary energy demand of 109kWh/(m2a). 

3.2.1 Data collection and analysis 

In the pilot study, several types of sources of evidence were collected to ensure 

sufficient data were obtained to maximise the raw categories that could be generated, in 

order to saturate the categories. The data collected included: 

a) Documentation of the project (acquired prior to visit), energy consumption and 

breakdown 

b) Semi-structured interview 

c) Questionnaire survey on comfort value 

d) Architectural drawings of the house 

e) Photographic data of the site, architecture and interior 

A summary of general information of the PL project is outlined in the following table: 

Project 
code 

Bioclimatic 
region 

Occupation 
date 

Household 
size 

Floor 
area Ownership 

Building 
type 

Construction 
type 

PL Scotland S 11/2011 2 
297 
m2 

Privately 
owned 

Detached 
house 

Timber Frame 
(Brettstapel) 

Ventilation 
strategy Heating strategy Water strategy 

Shading 
strategy U-values 

Paul Novus 
300, open 
windows 

Wood-burning 
stove 

Solar thermal panels and 
backed up by immersion 
heater 

External 
blinds, 
curtains 

Wall 0.12 W/(m2K), 
Floor 0.15 W/(m2K) 
Roof 0.08 W/(m2K) 
Windows 0.86 W/(m2K) 

Heating and 
cooling load 

Primary energy 
demand 

Annual electricity 
consumption Annual electricity cost 

14kWh/(m2a) 109kWh/(m2a) 9262kWh/(m2a) 1168 GBP 

The PL project has been monitored by 
another research institute, and the chart 
was provided by the occupants prior to 
our visit. It can be observed from the 
chart that the main electricity 
consumption is from the MVHR unit and 
DHW. The MVHR unit has been 
switched off since May 2013. The DHW 
needed an immersion heater to top up on 
most days during 2013 except for a few 
days in July when the solar thermal 
system was sufficient.  

Table	3.2:	General	information	on	PL	project	
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The occupants of the PL project were contacted during a Passivhaus open day through 

the Passivhaus Trust website. The occupants kindly accepted the study and completed an 

almost two hour-long semi-structured interview along with walk-through, photographic 

documentation and an additional survey. The semi-structured interview questions were set in 

line with four topics based on the illustrative type of theories that emerged from the literature 

review. These four topics regarding the lived experience of Passivhaus occupants include: 

home comfort; the technology and control of the Passivhaus; the occupants’ view on 

sustainability; and issues related to the occupants’ energy behaviour. Each interview topic 

began with open-ended questions such as ‘what do you think of your house in terms of 

comfort?’; ‘How do you find the technology and control of this house?’; ‘What is your 

opinion on sustainability’ and/or ‘Why do you choose to live in a Passivhaus?’; and ‘Could 

you describe your behaviour in relation to using this house?’ Subsequent questions were then 

asked following the answers given by the occupants. Therefore, the topics discussed in the 

interview included a much wider range as the interview continued, covering the construction 

of the Passivhaus, the operation of the service system, technical difficulties, their previous 

accommodation, lifestyle ideology and sustainable living, etc.  

Preliminary analysis of the interview followed the method of open coding and 

memoing specified in grounded theory. The aim of open coding is ‘breaking down, 

examining, comparing, conceptualizing and categorizing data’ (Strauss & Corbin, 1990), and 

to get as much relevant information on the focused field as possible to determine categories 

(Strauss & Corbin, 1990) and their properties and dimensional ranges as a base for further 

approaches. Memos are the first attempt to theorise ideas about categories and their 

relationships. They were written at the same time as the interview recordings were 

transcribed, with the researcher’s thoughts and ideas being derived from the interview data. 

In the pilot study, the interview data were firstly coded as descriptively and authentically as 

possible to the raw data as ‘codes’, then grouped into several conceptual themes (the word 

‘themes’ is used here instead of ‘categories’ to differentiate the pilot study as a preliminary 

categorisation) in the memos. For example, the following transcript is taken from the 

interview: 

PL: I put these curtains […], basically we didn’t put any 
blinds on these windows because we got the external windows 
[blinds], but the external blinds, you don’t want to put them down 
at night cos they are actually external so if it’s windy and wet they 
will just get blown about and wet, at night and it’s dark from four 
o’ clock in the winter, it’s just a black window, I kind of…want to 
draw a curtain still [laugh]. 
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Q: You probably don’t need to… [it’s to] keep the heat as 
well? 

PL: You don’t need to, not that looked, it’s a sort 
of…comfort, sort of feeling, not sort of NEED to do it. It’s the 
feeling you got this black part on the wall. […]That’s why I like 
curtains, but in the summer, basically I’ll take the curtains down. 
Hm…you know, for a couple, few months’ time. It’s like the 
windows just open and, I can see why they didn’t have them cos I 
quite like not having curtains but in the winter, you’d like to feel 
cosy and wrapped in a blanket kind of thing. Because it’s so dark 
out there, there’s not a single light out there. […] Keep saying that 
sometimes you want curtains in the bedroom. Yea sometimes. You 
kind of get used to it, because you are sleeping in the bedroom, you 
are not sitting, whereas in the evenings you are in here… In the 
summers when the sun comes up at four in the morning. [it’s too 
bright]. 

 

This section of discussion revolved around curtains and external blinds in relation 

to comfort, and the comfort mentioned here does not refer to thermal comfort, but ‘a 

sort of …cosy feeling’. It has been summarised in the code as ‘visual and 

psychological comfort’, and also ‘drawing curtains to gain a feeling of comfort’. 

The text was then further analysed in the following paragraph in the style of a ‘memo’.  

Memo: Putting curtains on seemed like their adaptation in answering to ‘sort of 
comfort’, not having ‘a black part of wall’, and to ‘feel cosy and wrapped around’. Each 
room is treated differently in terms of curtains, regarding the function of the room. It also 
depends on the weather condition and seasonal change. The house has external blinds and 
some internal blinds fitted for shade in summer, but from the conversation the external 
blinds were rarely used. This section is about how the occupants made adaptations to the 
house, this adaptation wasn’t derived from ‘thermal comfort’, but was to improve other 
‘comfort issues’: the big south-facing glazing has created a ‘black part of the wall’ in the 
winter in Scotland, and because the house is rurally located, there’s ‘not a single light 
outside’, fitting curtains is for visual comfort; also, in the summer when the sun rises at 4 
am, the light disturbs the occupants’ sleep, which raised issues to do with orientation and 
the room arrangement; they didn’t put curtains in the bedroom as they got used to it, 
which implied a kind of ‘psychological adaptation’. It is also because of ‘different activity 
in different rooms’ which, again, relates to architectural properties such as layout and 
glazing area. They also didn’t seem to consider that the external blinds’ main function is 
for shading the heat. 

The memo was written in a casual, stream-of-consciousness style. It started to dig 

deeper into the text and revealed the relationship between ‘putting curtains’ to the 

architectural properties of the house, the non-thermal type of comfort and the actual action 

itself as an ‘adaptation strategy’. The more abstract ideas extracted from this section of text 

have the potential to become conceptual categories that may be applicable to other case 

studies. The preliminary coding for the pilot study is shown in the following table: 
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Codes Themes 
Some architectural properties as ‘part of the deal’ Design and construction 
Architectural properties 
‘Comfort issues’ to do with architectural properties 
Involvement in design 
Involvement in the project 
High construction cost 
Prioritise ‘comfort issues’ - convenience over efficiency 
Site and orientation 
Control MVHR to activity pattern Technology, information 

and communication Consumption not transparent enough  
Sceptical about technology 
Unsure about control 
One setting control 
No need to be TOO eco-friendly Passivhaus ideology 
Previous experience 
Passivhaus = costly 
Preoccupied concept of Passivhaus 
Sceptical about Passivhaus concept 
Evaluating ‘comfort issues’ Home comfort 
Privacy as ‘comfort issues’ 
Visual and psychological comfort 
Thermal capacity 
Thermal environment 
Energy cost higher than expected 
Adjusting design Lifestyle change and 

adaptation Putting curtains to gain comfort feeling 
Psychological adaptation 

Table	3.3:	Coded	data	of	project	PL	interview	

The categories identified above were subject to change as more data were recorded and 

with the growth of the researcher’s theoretical sensitivity. The conceptual categories reflect 

to an extent the semi-structured interview topics. With the help of NVivo analysis, the 

coverage of each topic in the interview can be identified.  

Codes Percentage coverage 
Codes\\PL\\ Design and construction 29.73% 
Codes\\PL\\Home Comfort 22.14% 
Codes\\PL\\Passivhaus ideology 20.71% 
Codes\\PL\\Technology, information and communication 8.52% 
Codes\\PL\\Lifestyle change  7.25% 

Table	3.4:	Percentage	coverage	of	themes	in	PL	interview	
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• Theme 1: Design and construction 

Although design and construction were not built into the semi-structured interview 

questions, unavoidably for a self-build project, a large part of the conversation revolved 

around the design and construction of the house.  

We are quite lucky being on the west side of the valley, so 
we’ve got a big slope just right there, so we actually lose the sun, you 
know we don’t… we get protected by… 

One of the other things we got which is a good idea compared 
with our old house is some sort of fancy pump. […] when I turn my 
bath on, hot water comes out straightaway, instead of waiting 5 
minutes for hot water. 

From this section, we know the location of the house is important; in this case, 

‘sheltered by site’ as it shades the house in summer but the house also ‘loses the sun’ in the 

winter. The pump that was included in the delivery of this Passivhaus project was mentioned 

as a positive feature for its convenience.  

Regarding the design of the architectural aesthetics, the occupants described how their 

ideal was compromised and how the Passivhaus standard was achieved: 

[…] Well they [the architect] wanted a box didn’t they? They 
initially wanted a box…I don’t think I ever envisaged it be quite so 
modern, I think we envisaged something quite a bit more traditional, 
but being a Passivhaus I can see the constraints […] 

[…] that’s all part of the deal, it’s not just...you are constrained 
to some extent about what you can do and what you have to do. 

The conversation implied the architects provided design options based on technical 

calculations as ‘part of the deal’. This meant there were in effect three circles of ‘what you 

want, what you can do and what you have to do’, with the overlapping area of the three 

circles representing that which was finally realised. The ‘unconventional construction’ was 

mentioned extensively in the conversation and the occupants highlighted the difficulties 

encountered on site in terms of: i) the absence of a traditional ‘British overseer’; ii) working 

with a special structural timber system; and iii) sourcing construction materials to an non-

standard/non-traditional specification. All of the above suggest the conditions presented by 

the delivery of each individual Passivhaus project can also affect the design and aesthetics of 

the house, which is perceived as an aspect of comfort. 
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• Theme 2: Home comfort 

Comfort was the second most discussed issue in the interview. Besides thermal 

comfort, other forms of comfort were also discussed and acknowledged by the occupants. 

They felt the new house was an upgrade in terms of ‘comfort issues’. These ‘comfort issues’ 

included maintenance, convenience, a ‘cosy feeling’, privacy, etc. The conversation on 

‘home comfort’ confirmed the validity of studying comfort from a historical and cultural 

point of view, and that thermal comfort constitutes only one part within a wider spectrum of 

comfort.  

The comfort value can be better observed in accordance with the comfort value survey 

conducted after the interview. In order to understand ‘comfort at home’ in a broader social 

context, a ‘comfort matrix’ was designed to include nine aspects of comfort from 

Rybczynski’s analysis through the history of the concept of ‘comfort at home’. Taken from 

Rybscynski’s ‘Onion theory of comfort’ (Rybczynski, 1987 p.231), nine aspects of comfort 

have been presented to cover a wide spectrum of comfort.7 They are: Privacy, Domesticity, 

Heat+Air+Light, Layout, Convenience, Energy Efficiency, Leisure+Ease, Health and Style. 

The meaning of each term was explained to the occupants, who were then asked to arrange 

them in order of importance according to their idea of home comfort. Following this, the 

occupants were asked to rate their Passivhaus on a scale of 1 to 5, with 5 being excellent, in 

regard to these nine aspects. The results can be observed as follows: 

 Importance value 
(in descending order) Comfort value 

Most important Leisure+Ease 4 
 Privacy 4 
 Domesticity 4 
 Layout  5 
 Heat+Air+Light 5 
 Convenience 4 
 Health  5 
 Style 4 

Least important Energy Efficiency 4 

Table	3.5:	Comfort	value	diagram	in	PL	case	study	

                                                        
7 Rybczynski explained the aspects of comfort as follows: ‘[…] include convenience (a handy table), 
efficiency (a modulated light source), domesticity (a cup of tea), physical ease (deep chairs and 
cushions), and privacy (reading a book, having a talk) […]’ (p.230). The definitions for each aspect 
are subjective rather than objective and fixed. 
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It can be observed that the different perspectives of comfort provided by the Passivhaus 

result in different levels of satisfaction when weighted by the occupants’ idea of what is 

more important in a home environment. The thermal comfort at which the Passivhaus is 

designed to excel is ranked only in fifth place for this household in terms of its relative 

importance, whereas sustainability and energy efficiency are the least important concerns for 

this household in relation to home comfort. On the other hand, comfort aspects such as how 

relaxed and private they feel at home are very important to these occupants, with their actual 

evaluation of their house in relation to this issue not at its most satisfactory level. 

 

• Theme 3: Passivhaus ideology 

The occupants suggested that the decision to embark on a Passivhaus route was a 

partnership between the architects and themselves. Knowing nothing about Passivhaus, they 

were convinced of the benefits of this advanced housing type by the architects and willingly 

became a prototype Passivhaus family. It was suggested by the occupants that they were not 

aiming to be ‘too eco-friendly’, which, from their point of view, entails having a composting 

toilet and means ‘going back to the Dark Ages’. This suggests that both comfort and their 

established modern way of living were priorities in the design of their Passivhaus. 

Interestingly, the occupants concluded that the house is ‘comfortable, luxurious, understated’ 

without mentioning any energy-related features of a Passivhaus. They thus seem to be 

missing a crucial part of the Passivhaus ideology.  

Be sensible, we don’t have to be TOO eco-friendly, I don’t 
think we have to change our lifestyles hugely, I was just saying to Ian 
that the biggest change of our lifestyle is to move from city to 
country, not that we moved from an ordinary house to a Passivhaus. 
It kind of made me… when we first talked about it, I’d never heard of 
a Passivhaus, they were beginning to say you go for composting 
toilets, then you were like Ah-oh, we seem to be going back to the 
Dark Ages, and they said, no no no, that’s okay, you don’t have to go 
back to the Dark Ages to become environmentally friendly, so I don’t 
think it’s a big change to LIFESTYLE, it doesn’t have to be, you 
don’t have to go crazy, you don’t have to go you know, over the top 
type, be quite comfortable, luxurious, but quite understated this 
house. High spec and low tech. 

For one occupant, his scepticism regarding the efficiency of the Passivhaus concept in 

the specific region, its technology and the financial feasibility of this type of project was 

quite strong. As mentioned before, the Brettstapel system cost the household 25% more in 

construction. Meanwhile, the occupants admitted that electricity consumption was ‘more 

than they expected’. These negative effects convinced the occupant that ‘it’s not cheap to go 
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green’. The occupant also expressed his concern over the efficiency of a Passivhaus in the 

Scottish borders, where the often gloomy weather made the Passivhaus ‘useless’.  

Previous experience was frequently referred to by the occupants, although it was not 

designed to be included as part of the interview questions. The interviewees started by 

introducing their old house and how they lived before: 

The old house in Edinburgh, probably be…um…because it’s a 
large old house, with leaky windows, it’s rather difficult to keep 
warm in I guess, and electricity and gas bills were huge […] I 
suppose, we’ve been there 30 years, I think we’ve put at least three 
different boilers in, if not four, because you need to have keep 
updating your boiler, […] every two years, the windows, to, to sort of 
update, cos the paint cracks and the windows were old. 

In comparison, when speaking about the new house: 

I find I don’t need to do as nearly as much um…dusting and, 
which I’d do in the old house, […] Never had any condensation in 
any of these windows, […] the temperature, more even […] 

The old house was mentioned quite specifically in terms of its thermal environment, 

energy bills and maintenance. These seemed to be important factors in the occupants’ 

evaluation of the comfort in their new house. This ‘previous experience’ and the way it was 

mentioned established a scale for comparison. Based on this experience, their evaluation of 

their Passivhaus regarding ‘comfort issues’ made them feel they had had an upgrade in home 

comfort. 

Similarly, in their old accommodation, they used to have a coal fire, so they found the 

wood-burning stove easy to use and maintain, and it did not cause any comfort problem.  

So, we actually for first year used to have coal fire, didn’t we? 
Then we got tired of bringing out coal every morning, but this fire is a 
lot easier I seem to recall, at least we got the system better for 
cleaning it, all closed sort of.  

• Theme 4: Technology, information and communication 

When asked about the new technology and control in the house, most of the 

conversation was centred not on the technology itself but on the communication of know-

how relating to it that took place between the architects/experts and the occupants. 

Therefore, the information and communication regarding the Passivhaus technical system 

are categorised in one domain. In this case, the way in which information and knowledge 
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were transferred and communicated was crucial. Regarding control of the MVHR system, 

the occupants did not believe the architects’ recommendation for the MVHR setting as it 

clashed with their own knowledge. Thus, for example, if they felt cold, the occupants were 

unsure whether they should turn the MVHR fan speed up or down  

PLa: The MVHR’s got the heater on it, we were trying to work 
out, do you put the MVHR up or down? Howard said you put it up. 

PLb: But I don’t believe it. […] Seems to me you are bringing 
in three times as much cold air from the outside. […] The heater, 
which heats the air going past it, I don’t think it’s em… it can’t 
change, it’s either on or off. So given the same amount of heat… 

PLa: Not sure of the answer.  

• Theme 5: Lifestyle change and adaptation 

When asked about their daily lives and energy-related behaviour, the interviewees often 

made comparisons between their behaviour and habits in their previous accommodation and 

the changes to have taken place since moving into the Passivhaus. The changes are termed 

‘adaptation’, suggesting a conscious effort to adapt to a new environment. The challenge is 

therefore to find a balance between retaining an established way of living and adapting to 

new norms of comfort and an ecological lifestyle. In this interview, the discussion around 

adaptation seemed to be very limited. The analysis highlighted how, firstly, the occupants 

were not aiming for a complete shift in lifestyle towards sustainable living, hence the design 

of the house reflected some continuity from their previous accommodation, with a minimum 

of change needed. Secondly, because of their uncertainty relating to control of the MVHR 

system, their control behaviour was kept to a minimum, and, as a result, there has been very 

little in the way of behavioural adaptation.  

In order to examine the relationship between the occupants’ lived experience and 

Passivhaus design features, the architectural and technical properties have been cross-

referenced with the interview and survey data. The comparison has specifically focused on the 

discomfort experienced in the Passivhaus regarding its architectural and technical properties, 

and how those issues were adapted and resolved within the occupants’ daily lives. 
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Discomfort 
/problems 

Adaptive 
process 

Built environment 

Over-designed 
lighting system. 
The lighting system 
was described as an 
‘over-the-top’ type 
of technology, and 
confused the 
occupants in the 
early stage of 
occupancy, which 
reflects a mismatch 
between their 
demands and the 
design. 

Label 
each 
button 

  

 
‘Black part of the 
wall’ – the large 
windows create 
discomfort in winter 
when it’s dark 
outside. In the 
summer, the sun 
rises at 4 am, with 
the light disturbing 
the occupants’ 
sleep. The external 
blinds that were 
designed to filter 
the light are 
regarded as 
inadequate for the 
purpose.  

Putting in 
curtains, 
getting 
used to it 

 
Ground floor plan                      First floor plan  
The house features large south- and south-east-facing windows 
to maximise solar gain, with little shading to the south. 

 

Insufficient 
sunshine for most of 
the year to heat the 
house up. 

No 
adaptation 
observed 

Located in the Scottish 
borders, the occupant 
commented on the 
relative efficiency of the 
house. This can also be 
observed from the fact 
that the solar thermal 
hot water system is 
constantly topped up by 
an immersion heater to get hot water.  

The house takes two 
days to heat up after 
being unoccupied 
for a week. 

Put the 
fire on 
most of 
the time 

Because of the large floor area and little temperature 
fluctuation, the house is very hard to heat up following a period 
of inoccupation. 
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Don’t know how to 
make the house 
warm using the 
MVHR control. 

Use the 
wood 
burner 
instead 

Compared with the MVHR control panel, 
the occupants are more familiar with the 
wood burner, although their lack of 
knowledge does not result from a lack of 
experimentation. The MVHR system does 
not contain a temperature control since a 

feautre of the 
Passivhaus is that it 
does not need backup 
heating. 

Energy expense 
greater than 
expected 

 The occupants expressed a little disappointment regarding the 
energy expense, then justified it against the floor area and 
volume of the house. 

Table	3.6:	Summary	of	lifestyle	change	and	adaptation	in	relation	to	built	environment	in	PL	project	

3.2.2 Summary of the pilot study 

Based on the above analysis, it can be observed that themes such as the importance of 

the clarity of the control interface as well as the communication of new knowledge and 

information to the occupants echo those highlighted by previous research in the field. There 

are also themes that have not been explicitly explored by previous research such as the 

occupants’ ‘previous experience’, which came through strongly in the conversation, as a 

basis for evaluation of the Passivhaus and a comparison for lifestyle change. Meanwhile, 

there are other themes that have been studied in previous research and for which the pilot 

study has provided new perspectives and evidence. For example, many previous studies have 

suggested an active change of behaviour when occupying a Passivhaus; however, the 

occupants in this pilot study did not seem to consider a change of lifestyle and behaviour as 

necessary, and very few changes were noticed.  

In summary, the pilot study narrates an evolving experience of Passivhaus living. For 

the occupants, the process of inhabiting the house and their experience have evolved in line 

with their growing knowledge and shifting opinions about it, at the centre of which are 

perceptions regarding the various aspects of ‘home comfort’. The occupants’ previous 

experience served as the basis for relating to the new experience, and the new lived 

experience helped to shaped various ideas/scepticism regarding the Passivhaus. Meanwhile, 

the desire to find a balance between their new home and more established way of living 

encouraged the occupants to make a few adaptations. These adaptations also relate to their 

evaluation of home comfort, their knowledge of the house and their ideology of sustainable 

living.  
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It is also possible from the pilot study to observe the potential direction for theoretical 

sampling. The occupants’ involvement in the design provided them with a virtual living 

experience, according them more time to adapt psychologically. The occupants in this case 

study worked closely with the architects during the design process, and their knowledge of 

and familiarity with Passivhaus had developed long before they took up occupancy. Judging 

by the coverage of the topic in the interview (table 3.5), the occupants’ involvement in the 

design and construction made a great contribution to their overall experience of Passivhaus 

living. It seems rational to consider that the experience of any occupants choosing to rent or 

buy this new type of ready-made housing without any prior conception of the Passivhaus 

system would not be any different. 

3.3 Lessons learnt from the pilot study 

The pilot study provided invaluable experience for this research to proceed. It firstly 

confirmed that it is both necessary and potentially beneficial to both architectural practice 

and academic research to expand the domain of POE research on Passivhaus further than 

issues related to energy consumption. By including a sociocultural and socio-technical point 

of view in terms of comfort and domestic living, as well as cross-referencing to specific 

architectural and technical features of the house, the lifestyle in a Passivhaus can be more 

thoroughly and humanely depicted, and the relationships between occupants’ energy 

behaviours and their ideology of Passivhaus and sustainability as a whole can be further 

explored.  

Meanwhile, the pilot study also provided insights into the procedure of data collection to 

inform a more effective research design. The lessons learnt are summarised as follows: 

a) The five types of data source to be collected are both achievable and highly relevant. 

In order to gather more information on the household, and in order to choose interview 

samples, a questionnaire needs to be designed and sent out prior to the collection of 

interview data.  

b) Among the data points, the semi-structured interview collects the most extensive 

information to form the basis of within-case and cross-case analysis. The questions asked in 

the pilot study were structured into five avenues: ‘design and construction’, ‘home comfort 

(and discomfort)’, ‘technology, information and communication’, ‘Passivhaus ideology’ and 

‘lifestyle changeand adaptation’. A number of other important topics were also mentioned 

during the course of the interview, such as information pertaining to their previous house, 
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which was used as the basis for a comparison of comfort, and behaviour change. Also, the 

discussion on design and construction included another strand of topics such as the cost of 

construction, design and building materials, etc. These five avenues will be retained for use 

in future interviews, in which specific questions will asked regarding previous 

accommodation, with the answers included in the data analysis. The interview will also be 

designed to include provision for discovering and including new topics relating to the lived 

experience.  

c) The survey on the nine aspects of comfort value needs to be modified into 

comparable data between the importance value of the nine aspects and the evaluation of the 

same aspects. The 1-to-5 scale should be used for both rather than arranging them in 

descending order. 

d) On the other hand, as stated previously, the information on design and construction 

has informed a direction for theoretical sampling. A division seems to have appeared among 

the Passivhaus occupants who were involved in design process and those only rented/bought 

a ready-made Passivhaus. From the pilot study, it can be observed that in the PL project, the 

occupants have participated in the design process of their house, but only to a certain degree. 

Their involvement is represented by the following diagram. 

 

Figure	3.2:	Scale	of	occupants’	participation	in	the	design		

Depending on the level of involvement of occupants in the design process, the lived 

experience might differ. Research aimed at understanding and exploring the lived experience 

of the occupants should try to include a variety of occupants in terms of involvement in 

design for comparison.   

3.4 Detailed research design 

In this research, the core questions to be answered are: What is the lived experience of 

Passivhaus occupants in the UK? And how can this lived experience inform Passivhaus design 

and delivery to deliver a more sustainable lifestyle? This two-part research question includes 

both the uncovering of phenomenon and attempts to generate theoretical ideas – categories, 

hypotheses – to explore causal links at the same time. It thus requires a two-part research plan 

for data collection and analysis. With the guidance for the methodological framework and the 
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lessons learnt from the pilot study, the data collection of this research has gathered five sources 

of evidence in two stages.  

Stage 1 – preliminary data collection 

Stage 1 data collection is quantitative in nature. It aims at gathering general information 

on accessible case studies and preparing for the data collection to be carried out in stage 2. 

Source 1: Documentation of project information 

General information on the Passivhaus projects is to be acquired through the 

Passivhaus database in the UK. Information on accessible projects is to be collated into a 

catalogue for the purpose of documenting and comparing each project in terms of their 

construction type, building type, occupancy type, climatic region, occupation date and 

technical specification. This will provide basic contextual data for this multiple case study 

research.  

Source 2: Questionnaire survey 

The questionnaire survey aims firstly to serve as a supplement to a more detailed and 

complete case profile, containing information on the household size and mechanical service 

system, etc. Secondly, the survey is designed to reflect the key themes to have emerged from 

the pilot study and to facilitate the data collection in the second stage. The information 

collected in the questionnaire survey includes: the comfort value survey, the occupants’ 

behaviour in relation to control of the indoor environment and energy use, their basic view 

on sustainability and their average yearly energy consumption. It also enquires as to the 

occupants’ involvement in the design and construction of the house for theoretical sampling. 

The questionnaire was designed in order to answer the first part of the research question 

with a broad range of aspects relating to ‘What the occupants experienced in a Passivhaus 

and how they behaved accordingly’. The format enabled the participants to give a simple and 

straightforward answer to a variety of issues in a limited time. It guided the researcher to 

look for areas that were more important to one specific case, in order to determine a specific 

range of data to be collected in detail during the second stage to establish the causal links 

between occupants’ experience and the architectural and technical properties of their 

Passivhaus design. The occupants were asked at the end of the survey if they would like to 

participate in a further in-person or telephone/Skype interview. The questionnaire survey can 

be found in appendix A 
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Stage 2 – on-site data collection 

The second stage of data collection set out to gather qualitative evidence. Comparing 

and analysing the questionnaire answers on a case-by-case basis allows the researcher to 

formulate other sources of evidence to be collected in the second stage.  

Source 3: Semi-structured interview 

The aim of the interview is to gain insights into the lived experience in a Passivhaus. 

The semi-structured interview allows the occupants to answer questions relating to specific 

domains while also being able to freely express other related aspects. As a result, although 

the research focuses on the post-occupancy experience, the topics in the conversations with 

occupants cover a much wider range, including the design and construction process, 

construction industry, their views on sustainability and sustainable living, lifestyle and habit, 

weather and climate, geography, etc. The majority of these topics later proved to be highly 

relevant to the researched topic.  

Source 4: Architectural drawings 

The aim of documenting and analysing the architectural characteristics of the 

Passivhaus homes is to identify the architectural features that a Passivhaus home represents 

or that may be required by the PHPP system. This data is the most important information for 

the contextual-based case analysis, and is the key to establishing correlations with the 

interview data in order to answer the second part of the research question. [more] 

Source 5: Photographic documentation and sketches  

As another means of gathering qualitative data for future correlation, photographs and 

sketches were taken during the site visit.  

The research plan can be better observed from the following diagram: 
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3.5 Validity of the research design   

The desire to use a combined methodology in this research suggests that the validity of 

such study needs to be examined against the criteria for each methodology as well as the 

criteria for a combined framework. As suggested by Yin (Yin, 1994), three test criteria have 

commonly been adopted in order to judge the validity and quality of an 

exploratory/descriptive case study research design. With the benefit of combining grounded 

theory with a case study framework, the criteria for this research can be achieved in a 

theoretical sense.  

• Construct validity – establishing correct operational measures for the concepts being 

studied 

The research design has proposed the collection and integration of multiple sources of 

evidence. The nature of the research question has determined the qualitative interview to be 

the primary source of data, albeit with other relevant sources of data, as reflected in the 

interview in the pilot study, also proving their necessity. These include architectural analysis, 

energy consumption data and the comfort value diagram. The topics in the interview have 

been referenced to the architectural properties with drawings and photos as well as a 

quantifiable scale on nine specific comfort values. The integration of multiple sources helps 

to verify the findings. From a grounded theory point of view, the effort in maximising ‘slices 

of data’ also contributes to the construction of validity. The techniques used in coding the 

transcripts and writing memos enable the researcher to reflect on the subject matter as well 

as the operational measures as the study progresses. 

• External validity – establishing the domain to which a study’s findings can be 

generalised. 

The requirement to be able to generalise the case study result to theory is one of the 

major reasons for combining a grounded theory framework with a multiple case study 

approach in this research. The multiple case study design uses replication logic where either 

the same or opposing results occur for theory generalisation. The comparative analysis 

method provided by grounded theory helps to test the emerging theory at the same time as 

building and modifying the theory with new case study data. Theoretical sampling 

determines the cases to be studied and can provide the researcher with the same or 

contrasting categories. The theory is formed after ‘theoretical saturation’ of the conceptual 
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categories has been reached, whereby no new relevant information can be found by looking 

into further case studies. These criteria ensure that a substantive theory can be generalised. It 

is important, however, to acknowledge time and resource limitations, as well as the 

theoretical sensitivity level represented by the researcher, in terms of the potential that exists 

for not fully reaching this point of theoretical saturation. 

• Reliability – demonstrating that the operations of a study – such as the data collection 

procedures can be repeated, with the same results. 

The research design provides this study with a clearly presented framework. It 

integrates the rigid framework of a grounded theory approach and a case study protocol. The 

case study framework is closely mapped onto grounded theory methodology, with each step 

of the data collection and analysis explicitly documented. Given the same selection of 

samples, the same case study can therefore be repeated with the consideration that the 

timescale and any changes to have occurred in the household will need to be noted as 

different.  

Other factors contributing to the validity of this research into Passivhaus living include: 

1) the participants provide data as part of their everyday lives and have an insight into the 

particular phenomenon under study; 2) the researcher has a strong background in the field of 

architecture and low-energy housing; 3) the holistic context reviewed in the literature 

provides a solid background for conducting grounded research; 4) the selected case studies 

reflect a complex and diverse sample of the Passivhaus projects in the UK. 
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CHAPTER 4   PRELIMINARY DATA ANALYSIS  

Following the research design, this chapter presents the quantitative data gathered 

during the first stage of data collection. The aim of conducting a quantitative comparison 

between the studied cases is to provide sources to demonstrate the variety and complexity of 

the data captured and to which a horizontal examination of UK Passivhaus can be 

conducted. 

As has been defined in grounded theory methodology, the data collection and analysis 

procedures are carried out simultaneously. Therefore, sampling of the subject is not 

completed in one single, fixed period. The two stages of data collection and analysis in this 

research have closely followed this principle. Although the data acquired from the 

questionnaire survey in this chapter appear to have been taken at the same time and analysed 

simultaneously, the procedures of collection and analysis were actually carried out over the 

course of a year and a half. The comparative analysis carried out between the 15 households 

was also performed after the individual case study analysis. However, for the purpose of 

clarity of presentation, all quantitative data collected in stage 1 are documented in this 

chapter regardless of when they were collected. Another reason for carrying out a 

progressive sampling was due to the fact that the sample pool of residential Passivhaus 

projects also grew over the period from the start of this research as an increasing number of 

new projects were completed and published. The benefit gained from examining a variety of 

occupation durations could thus add another dimension to this research.  

4.1 Stage 1 data collection 

Ever since the first certified Passivhaus building was built in the UK in 2009, the 

Passivhaus system has become increasingly popular among building professionals as well as 

the general public. However, the number of Passivhaus in the UK remains relatively low 

compared with the total number of Passivhaus projects in Europe. It has been reported that 

to January 2016, there are a total of 94 certified Passivhaus projects (400 units) in the UK 

(Trust, 2016), However, the figure is unknown for non-certified Passivhaus projects.  

This research focuses specifically on the home environment in Passivhaus buildings. 

Amongst the information available on two Passivhaus database (Passivhaus Trust database, 
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Passive House database1), 80 residential Passivhaus projects in the UK are identified, in 

which 42 new-build residential buildings (excluding specialty residences) occupied since 

2011 have been selected to form the basic sampling pool (these include projects designed to 

Passivhaus standard but not certified). There are two reasons for including only new-build 

residential projects occupied since 2011. Firstly, retrofitted residential Passivhaus were 

excluded owing to the fact that new-build Passivhaus buildings have a different standard to 

retrofitted Passivhaus projects.2 Secondly, only projects with limited durations of occupation 

(a maximum of three years to the date of interview) were included. The aim of this research 

is to understand the lived experience and adaptation process of Passivhaus occupants. 

Therefore a relatively short occupation time is more informative and appropriate for this 

research. In addition, most of the projects occupied before 2011 have already been examined 

through various case studies, thus resident fatigue may lead to a negative response in relation 

to more research activity and thus compromise the accuracy of the study. 

4.1.1 Project overview 

In examining the 42 projects together with previous literature, five basic categories 

have been established into which these projects can be grouped. The five categories are floor 

area, ownership, building type, construction type and bioclimatic region (see tables below). 

Floor 
area (m2) 

No. of 
projects 

 

Ownership 
No. of 
projects 

 

Building 
type 

No. of 
projects 

 

Construction 
type 

No. of 
projects 

<100 15 

Privately 
owned 26 

Detached 
house 24 Timber 26 

100-200 19 
Semi-
detached 8 Masonry 12 

200-300 6 
Social 
rental 16 

Mid-
terrace 10 Mixed 4 >300 2 

 

Bioclimatic 
region 

Scotland 
N 

Scotland 
W 

Scotland 
E 

England 
E & NE 

England 
W & 
Wales N Midlands 

East 
Anglia 

England 
SW/Wales 
S 

England 
SE/Central 
S 

No. of 
projects 1 2 4 6 5 5 3 6 10 

Table	4.1:	Categorisation	of	UK	residential	Passivhaus	projects	from	2011	to	2015	

                                                        
1 http://www.passivhausprojekte.de/index.php?lang=en#information 
2 Retrofitted buildings need to comply with 25 kWh/m2 for space heating demand and 1.0 ACH @ 
n50 for airtightness to attain the Passivhaus standard (EnerPHit). 
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Of the 42 projects, more than half (24 projects) are single-family detached houses, a 

majority of which are privately owned. The remaining 18 projects are multi-family 

dwellings, of which six were developed privately. The treated floor area of the projects 

ranges from 52 m2 per household to 408 m2 per household. The majority of the projects have 

a floor area of around 130 m2. The two main structure systems are timber and masonry.  

All 42 projects were contacted during the data collection period from March 2014 to 

October 2015. Since the household contact details were not publicly available, these projects 

were approached by sending an email to the relevant project architects or housing 

associations. Contact was then made with those residents who were willing to participate in 

the research. The occupants were contacted in groups during the 18-month period. Directed 

by the pilot study, the case study selection focused on including households of different 

occupancy types in terms of their involvement in the design. Those households willing to 

participate were sent a link to an online questionnaire survey via email for preliminary data 

collection. The occupants were asked at the end of the survey if they would like to 

participate in a further in-person or telephone/Skype interview.  

4.1.2 Sampling 

During the progressive sampling procedure, a total of three groups were contacted at 

intervals of ten months and five months, during which the second stage of qualitative data 

collection and analysis was carried out (see table below). The progression of the sample size 

and the case selection is a reflection of the development of theory and an increase in the 

theoretical sensitivity of the researcher. 

 A total of ten projects (15 households) responded to the questionnaire, with an overall 

response rate of 23.8%. Ideally, following the procedures of grounded theory methodology, 

the process of theoretical sampling is undertaken to sample the specific data relevant to the 

development of theory. In other words, the researcher is in a position to decide upon the 

inclusion and exclusion of the studied cases. Inevitably, however, practical factors such as 

project accessibility, response rate and time limitations prevented this study from achieving 

an accurate result from theoretical sampling. Therefore, the ten projects that returned the 

questionnaire survey and accepted further research were all taken into the second stage of 

data collection.  
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 Date of 
contact 

Occupation 
time 

Sample size Response  

1st 
group 

03/2014 Both multi-
family and 
single-family 
dwellings 
occupied 
between 2011 
and 2013 

35 projects 
(14 multi-
family projects, 
21 single-
family 
projects) 

Five out of 21 single-family 
households returned the 
questionnaire and accepted 
further interview. 
One out of 14 multi-family 
projects were contacted; only one 
project replied with a positive 
answer.  
Response rate: 17% 
 

6 

Stage 2 data collection and analysis of six cases 
2nd 
group 

03/2015 Passivhaus 
dwellings 
occupied 
between 2013 
and 2014, and 
privately 
owned multi-
family projects 

Five new 
projects, 
(2 multi-family 
projects, 3 
single-family 
projects),  
3 privately 
owned multi-
family projects 
for second-time 
contact 

Two single-family households 
and 1 multi-family project in total 
returned the questionnaire and 
accepted further interview. 
Response rate for first contact: 
40% 
Response rate for second contact: 
33% 
 

3 

Stage 2 data collection and analysis of 3 cases 
The 
last 
case 

06/2015 Social rental 
multi-family 
dwellings 

One new 
project,  
14 previously 
contacted 
projects for a 
second-time 
contact 

Only 1 project accepted the 
study. 
Response rate for first contact: 
100% 
Response rate for second contact: 
0 

1 

Stage 2 data collection and analysis of the last case 
Writing up the analysis result 

Table	4.2:	Stage	1	data	collection	procedure	

Reflecting on the data collection, the relatively low response rate is indicative of the 

difficulty associated with conducting a solely quantitative research study. In total, 17 multi-

family Passivhaus projects and 25 single-family Passivhaus projects were sampled. The 

single-family projects showed a slightly higher response rate (28%), indicating a greater 

willingness and enthusiasm to share their experience, which was the case for both the project 

architects and the occupants. It can also be seen that a higher response rate was achieved in 

projects built more recently than in projects built several years ago, which to some extent 

confirms the existence of ‘fatigue’ caused by various research activities carried out on the 

occupants in earlier Passivhaus projects. It has also to some extent proved the benefit of 

adopting a progressive sampling procedure to include more recently built projects in the 

study. Despite the low response rate for such research with a qualitative nature, the fact that 

households participated voluntarily may indicate a greater willingness to be involved in a 

longer and more in-depth study, thus providing greater potential for more insight into the 
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phenomenon being studied. The ten households that replied to the survey all agreed to 

further interviews, offered a visit to their houses and shared details of their architectural 

drawings. The high degree of willingness and cooperation to participate in this study shown 

by these households provides high effectivity and validity to the study, demonstrating that 

the relatively low response rate should not be considered as undermining the sampling as a 

whole. 

Among the ten case studies, all projects apart from project SL have been certified to 

Passivhaus standard. Due to a lack of available data, it has been acknowledged that at the 

time of writing, SL Project was built to Passivhaus standard using PHPP software, but has 

not gone through certification process. The PHPP evaluation of the ten case studies is as 

shown in the following table: 

Project code 
Heating 
demand 

Heating 
load 

Primary energy 
demand Airtightness  

Project DO 15 kWh /(m2a ) 10 W/m2 120 kWh /(m2a ) n50 = 0.6/h  
Project HI 15 kWh /(m2a ) 10 W/m2 100 kWh /(m2a ) n50 = 0.2/h  
Project ST 14 kWh /(m2a ) 10 W/m2 85 kWh /(m2a ) n50 = 0.32/h  
Project FO 15 kWh /(m2a ) 10 W/m2 112 kWh /(m2a ) n50 = 0.36/h  
Project CR 5 kWh /(m2a ) 8 W/m2 69 kWh /(m2a ) n50 = 0.36/h  
Project HA 13 kWh /(m2a ) 9 W/m2 101 kWh /(m2a ) n50 = 0.22/h  
Project TO 11 kWh /(m2a ) 10 W/m2 33 kWh /(m2a ) n50 = 0.56/h  
Project SA 12 kWh /(m2a ) 10 W/m2 82 kWh /(m2a ) n50 = 0.5/h  
Project LA 11 kWh /(m2a ) 8 W/m2 81 kWh /(m2a ) n50 = 0.5/h  
Project SL Data not available n50 = 0.46/h  

Table	4.2:	PHPP	calculation	of	Passivhaus	standard	of	the	ten	case	studies	

The ten cases were categorised preliminary in terms of the same five attributes (Floor 

area, Ownership, Building type, Construction type and Bioclimatic region). An overview of 

the projects can be found in the following table: 

Project 
code 

Floor 
area Ownership 

Building 
type 

Construction 
type 

Bioclimatic 
region Typology 

DO 102/88 
Social rental 
multi-family 

Semi-
detached Timber  Scotland W  

HI 184 

Privately 
owned single 
family Detached Masonry Scotland N  

ST 151 

Privately 
owned single 
family Detached Masonry  

England E 
& NE  

FO 211 

Privately 
owned single 
family Detached Timber 

England SE 
& S  



 74 

CR 160 

Privately 
owned single 
family Detached Masonry  Midlands  

HA 163 

Privately 
owned single 
family Detached Timber  Scotland W  

TO 193 

Privately 
owned single 
family Detached Timber  Scotland E  

SA 219 

Privately 
owned single 
family Detached Timber  

England E 
& NE  

LA 65/85 Cohousing3 
Mid-
terrace Masonry  

England W 
& Walse N  

SL 74/80 
Social rental 
multi-family 

Semi-
detached 
flat Timber  Scotland E  

Table	4.3:	Overview	of	10	case	studies	

Among the ten cases, the seven single-family projects are all detached, privately 

developed houses. Their areas range from 151 m2 (House ST) to 219 m2 (House SA). The 

three multi-family projects (including DO, SL from the social rental sector and a cohousing 

project LA) appear to have relatively smaller floor areas ranging from 65 m2 (House LA 

2bedroom) to 102 m2 (House DO 3bedroom). The multi-family dwellings are either semi-

detached houses (Houses DO and SL) or mid-terrace houses (House LA). The ten projects 

are located across the UK, as shown in figure 4.1.  

 

 

 

 

 

                                                        
3 Cohousing communities are intentional communities, created and run by their residents. Each 
household has a self-contained, personal and private home, but residents come together to manage 
their community, share activities and at meal times (UK cohousing network). 
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Figure	4.1:	Location	map	of	the	studied	cases	

According to the Köppen climate classification, the ten projects all fall into the 

category of Cfb (M. C. Peel, 2007), which denotes cool summers (Thot>10) and cool winters 

(0<Tcold<18)4 with a relatively narrow annual temperature range, few extremes of 

temperature and typical lack of a dry season (M. C. Peel, 2007). However, there are still 

climatic variations among the projects’ locations. According to the UK Met Office (Office), 

the ten projects are located in seven different climatic zones. As can be observed from the 

following table, House FO is located in the southernmost England SE & S region, with a 

maximum average daily summer temperature of 21 °C and a minimum average daily winter 

temperature of 1.8 °C over the past five years (2011–2015). House HI is located in the 

northernmost Scotland N region where there is a maximum daily summer temperature of 

15.6 °C and a minimum daily winter temperature of 0.17 °C as an average from the past five 

years (2011–2015). It appears that the difference in average temperatures between the south 

and the north during the summer (5.4 °C) is greater than that between the south and the north 

in the winter (1.63 °C). The number of sunshine hours also differs quite remarkably from the 

south to the north (543.2 hours/y).  

                                                        
4 Thot = temperature of the hottest month, Tcold = temperature of the coldest month 
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Case code 

Köppen 
climate 
classification Climatic region 

Mean daily 
winter 
temperature 
(2011-2015) 
(°C ) 

Mean daily 
summer 
temperature 
(2011-2015) 
(°C ) 

Sunshine 
hours 
Annual 
(Hour) 

Rainfall 
mm 
Annual 
(mm) 

HI 

Cfb (temperate 
oceanic)
（Warm 

temperate, 
fully humid, 

warm summer) 

Scotland N 2.8 12.0 1113.9 1774.2 

DO Scotland W 

3.5 13.1 1220.7 1992.9 HA Scotland W 
PL Scotland E 

2.4 12.6 1235.0 1271.6 
TO Scotland E 
SL Scotland E 
SA England E & NE 

3.7 14.7 1488.7 810.4 ST England E & NE 

LA England NW & 
N Wales 4.0 14.2 1374.2 1382.1 

CR Midland 4.1 15.4 1500.8 839.6 
FO England SE & S 4.9 16.2 1657.1 870.3 

Table	4.4:	Overview	of	climatic	region	data	of	the	10	case	studies	

4.2 Questionnaire survey analysis and result 

The first part of the survey collected detailed information about each household, 

including household size, occupation date, thermostat settings and energy use. A detailed 

project profile can be found in the following table: 
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It can be observed from the table that all projects have adopted an MVHR system and 

installed at least one kind of back-up space-heating and hot water system. Solar energy is 

utilised by nearly all the projects in the form of either a solar thermal collector (Projects DO, 

HI, FO, ST, SA, LA) or photovoltaic panels (Projects CR, FO, SA, SL) for the purpose of 

heating domestic hot water (DHW). Only House HA chose to use an air source heat pump as 

its main source for supplying DHW.  

The incompletely documented energy consumption (electricity and gas) and PV 

generation figures (represented as minus figures) in relation to the floor area of each 

household can be observed from the following graph: 

 

Figure	4.2:	Energy	consumption	and	floor	area	of	14	households	in	comparison	with	pilot	study	PL1	

It can be observed from the graph that energy consumption varies a great deal from 

household to household in the studied cases (6665Wh/y in SA household and 1914kWh/h in 

DO3 household). The highest energy consumer by far is the PL household in the pilot study, 

followed by the SA and ST households. The diagram demonstrates that the deviation in 

energy consumption cannot be explained by floor area or household size alone. It can also be 

observed that the majority of the households adopt an electricity-only energy system. Energy 

                                                        
1 Energy data for the LA1 and SL2 households were not provided by the occupants. 
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generation is observed in three households (house HA and house HI have installed PV panels 

since the first interview, however no data is yet available). Also examined as part of the 

preliminary analysis were the PHPP ratings of each project (Table 4.2). In the PHPP 

calculation for each project, the CR project has the lowest predicted heating demand and 

primary energy demand. Compared with the actual energy use supplied by the household, 

CR household does represent one of the best performances among all case studies. The 

predicted heating demand for the rest of the projects falls in a similar range (from 11 kWh 

/(m2a ) to 15 kWh /(m2a )). However, the actual energy use of the other projects do not 

reflect this uniformity.  

Furthermore, the energy consumption of each household is correlated with 

individual floor area, and with household size. It can be observed from the following table 

that SL1 household has the most consumed energy in proportion to its building size and 

number of occupants. Compared with household DO2, which has a similar location, but even 

larger floor area, the energy consumption of SL1 household is nearly five times the figure of 

energy consumption in DO2 household. Meanwhile, SA and ST occupants are the top energy 

consumers among single family projects. By contrast, project FO and CR only use 1/3 of 

their energy if floor area and household size are taken into consideration. 

Project code Annual Energy use/floor area Annual Energy use/(floor area*person) 
Project DO1 23.41 kWh /(m2a ) 11.70 kWh /p*(m2a ) 
Project DO2 29.49 kWh /(m2a ) 5.90 kWh /p*(m2a ) 
Project DO3 22.06 kWh /(m2a ) 11.03 kWh /p*(m2a ) 
Project DO4 38.93 kWh /(m2a  ) 19.47 kWh /p*(m2a ) 
Project HI 14.02 kWh /(m2a  ) 7.01 kWh /p*(m2a ) 
Project ST 36.70 kWh /(m2a ) 18.35 kWh /p*(m2a ) 
Project FO 30.45 kWh /(m2a ) 7.61 kWh /p*(m2a ) 
Project CR 16.93 kWh /(m2a ) 8.46 kWh /p*(m2a ) 
Project HA 27.14 kWh /(m2a ) 13.57 kWh /p*(m2a ) 
Project TO 21.34 kWh /(m2a ) 7.11 kWh /p*(m2a ) 
Project SA 30.43 kWh /(m2a ) 15.22 kWh /p*(m2a ) 
Project LA1 Data not available  Data not available 
Project LA2 28.07 kWh /(m2a ) 9.36 kWh /p*(m2a ) 
Project SL1 54.74 kWh /(m2a ) 27.37 kWh /p*(m2a ) 
Project SL2 Data not available Data not available 

Table	4.6:	Overview	of	energy	consumption	in	proportion	with	floor	area	and	household	size	

The second part of the questionnaire survey was designed to reflect the key themes that 

emerged from the pilot study in relation to users’ experience of Passivhaus. The participants 

were asked to reflect on their daily lives in relation to a number of aspects of their 

Passivhaus. These were home comfort, technology, information and communication, 

Passivhaus ideology and lifestyle change. The survey also enquired about occupants’ 

involvement in the design and construction of the house for the purpose of theoretical 
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sampling. The following sections present the analyses and results regarding the above four 

themes.  

4.2.1 Home comfort  

Similar to the ‘comfort value’ survey designed for the pilot study, the first section of 

the questionnaire survey included a set of measures designed to integrate the concept of 

comfort from multiple physical, social and psychological aspects. With the same nine 

aspects of comfort (Privacy, Domesticity, Heat+air+light, Layout, Convenience, Energy 

efficiency, Leisure, Health and Style), the participants were first asked to rate them on a 

scale of 1 to 5, with 5 indicating the most important feature for them to feel comfort at home. 

They were then asked to evaluate their Passivhaus by rating their level of satisfaction with it 

in terms of these aspects and also using the scale of 1 to 5. A total of 14 households returned 

the comfort value survey.  

The results of the evaluation from the 14 households are shown below (Fig. 1). The 

highest rating was given in the category of ‘Health’, with a score of 4.7. This was closely 

followed by the rating for physical environment (Heat+Air+Light) which earned the second-

highest satisfaction score with an average rating of 4.6, The same as the score for the 

sustainability of the built environment. The participants also appreciated the efficiency of the 

Passivhaus mechanical system. However, in terms of the categories of ‘Leisure’, ‘Style’ and 

‘Domesticity’, which measure the degree to which the occupants feel relaxed or how 

comfortable they feel in handling everyday domestic matters in the Passivhaus, the ratings 

were relatively lower (4.4). The lowest rating was in the category of ‘Privacy’, with an 

average score of 3.6.  

 

Figure	4.3:	Perceived	comfort	in	nine	aspects	
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A more interesting comparison can be drawn from the discrepancy between 

participants’ expectations of ‘comfort at home’ and their evaluations of their current 

Passivhaus. The analysis is based on the discrepancy between the ratings for the importance 

of each aspect of comfort and for their actual experience in their houses. For instance, a 

participant from DO2 gave Privacy a score of ‘4’ while rating the value of Privacy and 

Intimacy in her Passivhaus as ‘2’. An HA occupant rated ‘Leisure’ as the most important 

with a score of ‘5’, yet gave a mere ‘3’ for the actual appearance of the Passivhaus. 

The aspect of comfort shown to be by far the most valued was ‘Heat+Air+Light’. This 

was followed by ‘Efficiency’ and ‘Sustainability’, with the category of ‘Style’ revealed to be 

the element of least concern. The following diagrams (Fig. 2) compare the importance of 

each aspect of comfort to the individuals (denoted by the dashed line) with the comfort they 

perceive in their Passivhaus (denoted by the solid line). The majority of the traits either 

match or are higher than the participants’ expectations; however, the results also indicate that 

all households believe their Passivhaus to have at least one aspect of comfort that has failed 

to meet their expectations. The results are consistent with the evaluation above, whereby 

‘Privacy’ saw the biggest discrepancy in ratings in the comparison between expectation and 

evaluation, with four out of 14 residents dissatisfied in this regard. On the other hand, ‘Style’ 

failed to meet the expectations of only one participant. At least two households were 

disappointed with each of the other aspects.  

A second observation can be made when relating the ratings to occupancy type. It can 

be observed that the single-family households on average had a better match between their 

expectations and evaluations of their houses, whereas there appear to be more aspects of 

comfort in the current Passivhaus of the multi-family households that are failing to meet 

expectations. These aspects include: privacy, domesticity, leisure and ease, layout, style and 

convenience. The following chart documents occupants’ expectation of comfort in relation to 

their evaluation of the comfort in their Passivhaus. 
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Legend:  
 
Comfort evaluation 
Comfort expectation                                                 Chart representing ratings from a scale of 1 - 5 
 
DO1 comfort value chart  DO2 comfort value chart 

DO3 comfort value chart  DO4 comfort value chart  

 HI comfort value chart 
 
 
 
 
 

ST comfort value chart 
  



 85 

FO comfort value chart.    CR comfort value chart  

HA comfort value chart  TO comfort value chart 
 

SA comfort value chart  LA2 comfort value chart  

SL1 comfort value chart  SL2 comfort value chart  

Table	4.8:	Comparison	between	expectations	and	evaluations	of	comfort	in	ten	case	studies.	
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4.2.2 Passivhaus ideology 

It was established in the pilot study that the decision-making process involved in 

planning or moving into a Passivhaus is not straightforward. This part of the questionnaire 

looked into the occupants’ intentions when moving into their Passivhaus, focusing on 

whether this was linked to the wider issue of sustainability. The questions asked in this 

section were: 

• On a scale of 1 to 5, to what extent did the environmental features of Passivhaus lead 

you to build/rent/buy your current house?   

• What is your main motivation to learn more about Passivhaus? 

As can be seen from the following charts, over half of the occupants moved into their 

Passivhaus for reasons other than its specific features. Unsurprisingly, among the seven 

single-family Passivhaus owners, five suggested that they had chosen the Passivhaus model 

intentionally. Only two (the occupants of SA and CR) suggested that although they did not 

specifically choose a Passivhaus, they did find the features desirable. However, among the 

eight multi-family Passivhaus residents (including two private owners in the LA project), 

only two families chose the Passivhaus intentionally (occupants of DO2 and SL2). The 

majority suggested that the decision to move into a Passivhaus had nothing at all to do with 

its environmental features. When asked if they would like to learn more about Passivhaus, a 

majority of the occupants answered ‘Yes’. The main motivations for moving were to reduce 

energy expense and out of personal interest. Only one resident (House HI) expressed a wider 

concern about climate change. 
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Figure	4.5	and	4.6:	Questionnaire	survey	results	

4.2.3 Technology, information and communication 

The pilot study uncovered the importance of communicating know-how regarding the 

new technology embedded in a Passivhaus. The second set of questions explored the 

communication of relevant information along with the outcomes of this communication, 

which were reflected in the transformation of the occupants’ confidence, patience and 

awareness in operating their Passivhaus. 

The questions asked were: 

• How would you rate your level of knowledge of Passivhaus BEFORE moving into this 

house? 

• How confident do you feel NOW to operate the Passivhaus system in your house? 

• Did anyone in your household receive any Passivhaus training/induction on controlling 

the technology prior to moving in? 

• What did you/would you do if the Passivhaus system failed to perform a task according 

to your intention? 

• Was it explained to you that energy use might be related to the way you control the 

Passivhaus system? 

• If you wished to reduce your energy use, do you know the MOST EFFICIENT way to do 

so? 
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The first question asked the occupants to rate their knowledge of the Passivhaus prior 

to and after moving into it on a scale of 1 to 5, with 5 being excellent. As can be seen from 

the following graph, the majority of the occupants feel their knowledge of Passivhaus has 

increased to some extent, especially in the case of the occupants of DO, who, having had no 

prior knowledge of the Passivhaus, have all become very confident in controlling the 

technology. Interestingly, however, the occupants of two households (Houses HA and TO) 

suggested that their confidence in their knowledge of Passivhaus had fallen slightly. Also, an 

occupant of SL1 showed no increase in their level of confidence in the Passivhaus system.  

 

Figure	4.7:	Questionnaire	survey	results	

About 70% of the households suggested they had received some form of 

training/induction/demonstration prior to moving into the Passivhaus, although only a small 

proportion of the occupants (38%) felt sufficiently confident to experiment and explore the 

system by themselves. The majority relied on professional help whenever they faced 

technical problems with the new mechanical service. 
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Figure	4.8:	Questionnaire	survey	results	

Quite interestingly, in answering if it was explained that ‘the energy use might be 

related to the way you control the Passivhaus system’, one household suggested that they 

had the impression that ‘no matter how I [they] control it, the energy bill would always be 

low’. Meanwhile, in the questionnaire, only half of the occupants were aware of the most 

efficient way in which to further reduce their energy use, with the other half suggesting they 

had no intention of reducing their energy use. 

 

Figures	4.9	and	4.10:	Questionnaire	survey	results	
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4.2.4 Lifestyle change and Adaptation  

In this section, the occupants were asked about the changes they experienced as a result 

of moving into a Passivhaus and their behaviour in relation to controlling the Passivhaus 

system. The questions asked were: 

• Have you experienced any POSITIVE change in your habits/lifestyle/behaviours caused 

by living in a Passivhaus (please indicate the level using a scale of 1–5)? 

• Have you experienced any NEGATIVE change in your habits/lifestyle/behaviours caused 

by living in a Passivhaus (please indicate the level using a scale of 1–5)? 

Over half of the occupants suggested that they had experienced quite a lot (5) of 

positive changes in their habits or lifestyle and no negative changes. Although the occupants 

of two households (House TOs and LA2) claimed to have experienced a few (3) negative 

changes, the occupant of the DO3 project implied that she had experienced quite a lot (5) of 

negative changes.  

	

Figures	4.11	and	4.12:	Questionnaire	survey	results	

As previously mentioned, all of the studied cases employ additional heating sources 

other than the MVHR system for space heating and DHW consumption. In examining the 

occupants’ energy-related behaviour, the questions were designed to reflect the frequency 

with which these backup energy sources are used. The questions asked in the survey were: 

 

Have	you	experienced	any	
POSITIVE	change	in	your	

habits/lifestyle/behaviours	
caused	by	living	in	a	Passivhaus	
(please	indicate	the	level	using	a	

scale	of	1	- 5)? 

1 2 3 4 5

Have	you	experienced	any	
NEGATIVE	change	in	your	
habits/lifestyle/behaviours	

caused	by	living	in	a	Passivhaus	
(please	indicate	the	level	using	a	

scale	of	1	- 5)? 

1 2 3 4 5 6
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• How often do you change the settings on your MVHR? 

• How often do you use other active heating source(s) (other than solar gain) for SPACE 

HEATING on an average daily basis in winter (October to March)? 

• How often do you use other active heating source(s) (other than solar thermal collector, 

if applicable) to heat DOMESTIC HOT WATER? 

Each question provided several choices, with a text box for the occupants to add their 

own answers.  

Case code 

How often do you 
change settings on 
MVHR 

How often do you use other 
active heating source(s) 
(other than solar gain) for 
SPACE HEATING daily 
on average in winter 
(October to March)? 

How often do you use other 
active heating source(s) 
(other than solar thermal 
collector, if applicable) to 
heat up DOMESTIC HOT 
WATER?  

DO1 
different settings for 
day and night 

1 – 4 hours but only for 2 
months or so Only half of winter days 

DO2 

Rarely, I put it on one 
setting for most of the 
year I barely use them Only half of winter days 

DO3 

From February 
onwards, I just set it 
on standby 

Twice a week. I don’t use 
mine every day. I keep it on 
slow burn from early 
morning till after noon, and 
ticking over till about 4 
o’clock Only in winter 

DO4 

Rarely, I put it on one 
setting for most of the 
year I barely use them when needing hot water 

HI 

Not often, I use the 
weekly programme 
feature I barely use them Everyday 

ST Quarterly 
1 – 4 hours but only for 2 
months or so Only in winter 

FO 

Rarely, I put it on one 
setting for most of the 
year 

1 – 4 hours but only for 2 
months or so Only in winter 

CR 

Twice a year we 
change it into and out 
of Summer Bypass 
and we occasionally 
use it in boost mode 
overnight in summer 
to bring in cold night 
air to help keep it cool 

We have no space heating at 
all but occasionally use a 
one-bar electric fire for a 
couple of hours at most if 
sitting about in the coldest 
months - usually end Jan-
Feb 

We have no boiler attached 
to our hot water system, but 
an intelligent diverter 
powered by the PV array 
powers a 1kw immersion 
heater in the tank if the 
temperature of the water has 
dropped significantly 

HA 

Often, I change it 
more than once a 
week 

1 – 4 hours but only for 2 
months or so Air source heat pump 

TO 

Often, I change it 
more than once a 
week More than 4 hours  Only in winter 

SA 

there is no 
requirement to change 
settings more than 

heating and DHW are 
automatic so rarely need to 
interfere or override though 

both the space heating and 
DHW run from the thermal 
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rarely as the system is 
automatic other than 
for some boost 
requirements 

we do use a wood burning 
stove in winter but mainly 
for aesthetic reasons  

store so the systems are 
effectively integrated 

LA1 

Rarely, I put it on one 
setting for most of the 
year 

1 – 4 hours but only for 2 
months or so District biomass 

LA2 

Rarely, I put it on one 
setting for most of the 
year Never District biomass 

SL1 

Rarely, I put it on one 
setting for most of the 
year 

N/A (the occupants have 
only lived for three months 
in the summer so far) Every day 

SL2 

Rarely, I put it on one 
setting for most of the 
year 

N/A(the occupants have only 
lived for three months in the 
summer so far) Every day 

Table	4.9:	Questionnaire	survey	results		

As can be seen in the above table, the answers to these questions were diverse. It can be 

observed from the table that firstly, the operating system in a Passivhaus can include a 

variety of devices. The format of the questions did not capture the diversity and complexity 

of the mechanical system. It suggested that the investigation needed to be carried out in 

detail in interviews with individual household. Secondly, it can be concluded that the 

majority of the occupants controlled the MVHR system infrequently. This was especially 

true for social and private tenants of Passivhaus. Only one occupant suggested that he used 

the programme feature of the control. The majority of the households used back-up heating 

device for space heating, but only for a relatively short period every year. All occupants used 

back-up heating device for hot water generation in winter, however, the majority of their hot 

water needs are satisfied by solar thermal, PV, or other energy efficient equipment 

throughout the year. More interestingly, it can also be seen that some occupants have shown 

more patience and enthusiasm in providing more informative and comprehensive answers 

than others. This could suggest an ideological deviation towards Passivhaus existed among 

the surveyed households. 

4.3 Summary of questionnaire survey 

The questionnaire survey has yielded interesting contrasts in relation to the occupants’ 

perceptions of comfort, their ideologies of living in a Passivhaus, their views on the new 

technology and control and their lifestyle and behavioural changes. The data from each 

individual household have provided a foundation for in-depth data collection and analysis in 

the second stage.  
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Similar to the results obtained from the pilot study, despite the high level of satisfaction 

regarding thermal comfort, there are nevertheless discrepancies on a much wider range of 

comfort values between the occupants’ ideals and their evaluation of their Passivhaus. The 

issues related to Privacy, Domesticity, Layout, Leisure and Style have all contributed to 

negative evaluations of the comfort perceived in the Passivhaus. The ideology of choosing to 

live in a Passivhaus also varies among the occupants, with less than half having intentionally 

chosen the Passivhaus model. Meanwhile, only one occupant – the HI occupant – 

specifically expressed his concern on the bigger issue of sustainability/climate change in 

relation to his choice of Passivhaus. In terms of the new technology contained in the 

Passivhaus system, most occupants received some form of training or induction prior to their 

move, and have shown an increase in their knowledge of the Passivhaus through their lived 

experiences.  

It can also be observed that compared with the occupants who rented or bought a ready-

built Passivhaus, those occupants who contributed to the design had a higher score on the 

intention to choose a Passivhaus model from the very beginning, a relatively higher level of 

knowledge before living in the Passivhaus and a higher level of satisfaction in the comfort 

provided by their Passivhaus. This observation to some extent confirms that the two types of 

occupants involved in the theoretical sampling do represent differences in their ideology, 

knowledge and evaluation of the Passivhaus system.  

Furthermore, each household showed something quite interesting and unique in the 

questionnaire survey. For instance, the occupants of the SA, FO and HI projects 

demonstrated a good level of knowledge and confidence in the Passivhaus system from the 

outset, and they suggested that they were hugely involved in the design and construction 

process (if the house was not self-built). On the other hand, the four occupants in the DO 

project had no prior knowledge of Passivhaus but showed a huge increase in their 

knowledge, from level 0 to levels 4 or 5. Whereas the occupants of the HA and TO projects 

suggested that they had become less confident in controlling the house, the SL1 occupant 

suggested he was of the impression that regardless of how he controlled the house, his 

energy bill would always be low. Also, in terms of adaptation and lifestyle change, the 

majority found their lifestyles to have changed positively, though the occupants of Houses 

TO and LA2 claimed to have experienced negative changes in their lifestyle. Besides, in 

both projects LA and SL, the two occupants from each project provided very different 

answers to each other in the questionnaire.  
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In further demonstrating the diversity of the studied cases, and to correlate energy use 

with architectural characteristics, the architectural data is also documented for quantitative 

correlation. 

4.4 Comparison of architectural characteristics 

In the Passivhaus design guide, several design features are highlighted as being the 

most important in terms of their effect on the performance of the Passivhaus. These are 

orientation and shading; building form and form factor; U-value; and airtightness.  

4.4.1 Orientation and shading 

In the PHPP, the climatic data used to calculate thermal performance is based on 22 

climatic regions across the UK, as specified by the BRE. It also makes adjustments for 

altitude (-0.6 degree for every 100 m increase in altitude). Aside from guidance in the PHPP, 

a Passivhaus design guide – the BRE Passive House Primer – has also been widely used for 

building practitioners aiming to achieve the Passivhaus standard. It is recommended in the 

BRE Passive House Primer that the orientation of a building should aim to maximise its 

solar gain, which means the main façade is oriented within 30 degrees south. A poor 

orientation can increase annual heating demand by 30% to 40% (McLeod et al).  

The following table contains the orientations of all ten studied cases. The photo of each 

project shows the south elevation. The maximisation of passive solar design can be easily 

observed. A majority of the projects (6 houses) are oriented due south. The remainder, with 

the exception of the SL and SA projects, are oriented within 30 degrees south. The SL 

project in East Lothian and the SA project in Durham face 57.7 degrees and 46.6 degrees 

southwest respectively. Very few of the projects have any natural shading from vegetation or 

adjacent buildings. Cases FO and TO have moderate shading to the west side, and the SL 

project is heavily shaded from natural sources to its southwest side. Case LA has heavy 

shading for a low-angle solar path (winter shading) from vegetation on the other side of the 

river. It can also be observed that every project has adopted other shading strategies such as 

a roof overhang, deep window reveal, brise-soleil, balcony, canopy and external/internal 

blinds or curtains. The design to maximise solar gain has evidentially been influenced by the 

requirement specified in the Passivhaus design guide. One exception can be seen in the SL 

project. This unit containing four flats is not only designed to reside outside the boundary of 

recommended orientation, but the site is also heavily shaded on the southwest side. 
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4.4.2 Form factor 

Building form and form factor have been used to optimise the floor area, the footprint 

of the building, the plot ratio and other parameters. They have also been widely adopted to 

optimise the energy consumption of the building. Generally speaking, a smaller ratio of 

external envelope area to the volume of the building (A/V ratio) indicates a lower probability 

of heat loss and more efficient energy consumption. It has been recommended that ‘a 

favourable compactness ratio is considered to be one where the A/V ratio ≤ 0.7m²/ m³’ 

(McLeod et al). This principle can be extended to indicate the complexity of building 

geometry. Because smaller buildings tend to have a higher A/V ratio, it has been 

recommended that small buildings be kept as simple and compact as possible, whereas larger 

buildings can have a slightly more complex shape. 

Besides the A/V ratio, another indicator of an energy-efficient building form is known 

as its ‘form factor’. This measures the ratio of external surface area to the internal treated 

floor area (A/TFA). Achieving a heat loss form factor ≤ 3 serves as a useful benchmark 

guide when designing small Passivhaus buildings. This measurement demonstrates a more 

direct relationship between the effective floor area and the efficiency of the building form 

(McLeod et al p.2). It is especially useful for the planning of multistorey or terraced houses. 

In the PHPP, it is noted that the ‘unit for certification’ depends on the type of the building. 

For instance, a detached Passivhaus is regarded as one unit; however, semi-detached 

dwellings are also considered as one unit, as long as the two houses have the same build-ups 

of external envelope. Likewise, it also applies to terraced houses and flats in multistorey 

buildings (McLeod et al).  

This rule simplifies the certification procedure but also means that the performance of 

individual households varies.  

Using an estimation calculation tool developed by BRE, calculations have been carried 

out to examine the form factors of the studied cases (see Appendix B), the results of which 

are shown in the following table: 
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Project code 
External area 

(A) 
Volume 

(V) A/V TFA A/TFA 
Warm 
roof1 

Project DO 
(Semi-detached house of 2) 452.84 650.72 0.70 176 2.57 Y 

Project HI 636.29 594.00 0.80 184 3.46 Y 
Project ST 444.36 584.50 0.76 151 2.94 N 
Project FO 495.10 616.30 0.80 211 2.35 N 
Project CR 439.73 616.25 0.71 160 2.75 Y 
Project HA 543.08 733.17 0.73 163 3.28 Y 
Project TO 572.19 800.40 0.71 193 2.96 Y 
Project SA 472.88 621.60 0.76 219 2.16 n/a 
Project LA 

(Terrace A: 6 houses) 1101.44 1888.44 0.58 455 2.42 Y 
Project SL 

(semi-detached house of 4) 713.35 1195.89 0.60 320 2.23 Y 

Table	4.11:	Geometrical	information	of	studied	cases	

The calculations show that with the exception of the HI and HA projects, the studied 

cases have all achieved the benchmark of 3 for the form factor. In terms of the A/V ratio, the 

three multi-family projects, DO, LA and SL, achieved a ratio of no more than 0.70 m²/m³ 

(0.7, 0.58 and 0.6 respectively), whereas the single-family projects all scored slightly above 

the average A/V ratio, with the largest occurring in the ST and TO projects.  

When compared with the energy consumption data, the high consumption in HA and 

ST project does correlate with a higher-than-standard form factor. However, households with 

a relatively high form factor, such as HI or TO households, can also achieve a lower 

consumption. On the other hand, project SL, which has the second lowest form factor, is the 

highest consumer of energy in proportion to its floor area and household size. 

  

                                                        
1 Warm roof means the insulation is installed to the underside of the rafter. 
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4.4.3 Layout of studied cases 

 

DO3 &4 bedroom house plan DO1&2 bedroom house plan 
Ground floor plan First floor plan Ground floor plan First floor plan 

  

HI Ground floor plan 

 
ST Ground floor plan ST First floor plan 
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FO Ground floor plan FO First floor plan 

 
 

CR Ground floor plan CR First floor plan 

  

HA Ground floor plan HA First floor plan 
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TO Ground floor plan TO First floor plan 

 
 
 

SA Lower Ground floor plan SA Upper Ground floor plan 
 

 

LA1 LA2 
Ground floor plan First floor plan Ground floor plan First floor plan 
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Table	4.12:	Layout	of	studied	cases	

 It can be observed that the majority of single family projects are detached, two story 

houses with three or four bedrooms. HI project has only one story. One major observation 

made during the study of the layouts is that for most of the houses with two storeys, 

bedrooms are placed on the upper level as per conventional housing layout. However, for 

project CR, HA, and SA, the bedrooms are designed to be on the ground or lower ground 

level. 

Correlating with the evaluation of the layout in the comfort value diagram, LA2, SL1 

and SL2 occupants expressed dissatisfaction with their house layouts. One thing the three 

households had in common was that they all moved into a ready-built Passivhaus without 

any participation in design or construction process. It can be understood that this was 

perhaps the reason why the layout was not to their satisfaction. On the other hand, comparing 

with other social tenants (in DO project) and LA1 household, who were content with the 

layout of their houses, LA2, SL1 and SL2 households also share a relatively short period of 

occupation time. This could also suggest that occupation time plays a role in the evaluation 

of the layout of Passivhaus dwellings. During the period of occupation, it is likely that the 

residents make adaptations or adjustments to the layout of their houses to suit their 

preference. 

SL1 floor plan (Ground) SL2 floor plan (First) 
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4.4.4 U-value 

The external envelope in Passivhaus design is critical to whether or not the Passivhaus 

standard can be achieved. The recommendation in the Passivhaus design guide (McLeod et 

al) is for the U-values of opaque and glazing elements to be as follows: 

– walls, floors and roofs ≤ 0.15 W/m²K 

– complete window installation ≤ 0.85 W/m²K 

As can be observed from the following table, the U-values2 of the external walls, 

ground and roofs of all ten projects achieve the recommended U-value, with the lowest U-

value of 0.077 W/(m2K) in the CR project. When correlating with energy consumption of the 

studied cases, it can be seen that houses with the best U-values – project CR, HI and TO - are 

also the projects with the best energy performance. However, the project SA which has a 

similarly low U-value, consumes much more energy than the other cases.  

Project 
code External Walls Basement/ground Roof 
Project 
DO 

U-value 
= 0.12 W/(m2K) 

U-value 
= 0.11 W/(m2K) 

U-value 
= 0.12 W/(m2K) 

Project 
HI 

U-value 
= 0.094 W/(m2K) 

U-value 
= 0.075 W/(m2K) 

U-value 
= 0.099 W/(m2K) 

Project 
ST 

U-value 
= 0.1 W/(m2K) 

U-value 
= 0.1 W/(m2K) 

U-value 
= 0.08 W/(m2K) 

Project 
FO 

U-value 
= 0.145 W/(m2K) 

U-value 
= 0.088 W/(m2K) 

U-value 
= 0.121 W/(m2K) 

Project 
CR 

U-value 
= 0.097 W/(m2K) 

U-value 
= 0.094 W/(m2K) 

U-value 
= 0.077 W/(m2K) 

Project 
HA 

U-value 
= 0.116 W/(m2K) 

U-value 
= 0.125 W/(m2K) 

U-value 
= 0.115 W/(m2K) 

Project 
TO 

U-value 
= 0.1 W/(m2K) 

U-value 
= 0.09 W/(m2K) 

U-value 
= 0.09 W/(m2K) 

Project 
SA 

U-value 
= 0.123 W/(m2K) 

U-value 
= 0.09 W/(m2K) 

U-value 
= 0.064 W/(m2K) 

Project 
LA 

U-value 
= 0.12 W/(m2K) 

U-value 
= 0.14 W/(m2K) 

U-value 
= 0.098 W/(m2K) 

Project 
SL 

U-value 
= 0.11W/(m2K) 

U-value 
= 0.08W/(m2K) 

U-value 
= 0.11 W/(m2K) 

Table	4.13:	Wall	U-values	of	the	studied	cases	

For the glazing elements, the quality of a window is measured by its U-value for 

thermal conductivity and g-value for solar gain. It can be seen from the following table that 

not all windows achieved the recommended U-value. However, the windows in the studied 

                                                        
2 The U-values and airtightness values are designed figures. The tables are to demonstrate that all 
buildings have been designed to achieve Passivhaus standard, however with varied U-values. 
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projects are all triple-glazed and the highest U-value exceeds the recommendation by only a 

small amount (0.04 W/(m2K)). The overall U-values of the windows are all less than 1 

W/(m2K), with the ST and SA projects having the largest g-values3 of 61% and 62%.  

 

 

 

Project code Frame Glazing Overall 
Project DO n/a n/a Uw-value = 0.74 W/(m2K) 

Project HI 
Uf –value = 0.94 
W/(m²K) 

Ug-value = 0.5 W/(m2K)  
g -value = 53 % Uw-value = 0.8 W/(m2K) 

Project ST 
Uf-value = 0.92 
W/(m2K) 

Ug-value 0.5 and 0.6 
g-values 48% and 62% Uw-value = 0.79 W/(m2K) 

Project FO 
Uf-value = 1.1-1.5 
W/(m²K) 

Ug-value 
= 0.52 W/(m2K)  
g -value = 50 % Uw-value = 0.87 W/(m2K) 

Project CR 
Uf –value = 0.97 
W/(m²K) 

Ug-value 
= 0.54 W/(m2K)  
g -value = 60 % Uw-value = 0.8 W/(m2K) 

Project HA n/a 

Ug-value 
= 0.54 W/(m2K)  
g -value = 54 % Uw-value = 0.79 W/(m2K) 

Project SA  
Ug-value = 0.6 W/(m2K)  
g -value = 61 % Uw-value = 0.8 W/(m2K) 

Project TO n/a n/a Uw-value	= 0.66-0.77 

Project LA 
Uf-value = 0.88 
W/(m²K) 

Ug-value 
= 0.62 W/(m2K)  
g -value = 55 % 

U w-value 
= 0.905 W/(m2K) 

Project SL Data not available 

Table	4.14:	Window	U-values	of	studied	cases	

4.4.5 Airtightness 

Airtightness is achieved in the Passivhaus by applying a layer of airtight membrane or 

barrier throughout the external envelope. The minimum requirement for airtightness is 0.6 

air changes per hour (0.6 ac/h @50 Pa). As shown in the following table, all projects 

achieved the required airtightness level. The most airtight building is project HA, with an air 

change rate of 0.22 per hour at 50 Pa.  

Project code Airtightness 
Project DO n50 = 0.6/h 
Project HI n50 = 0.2/h 
Project ST n50 = 0.32/h 
Project FO n50 = 0.36/h 

                                                        
3 The solar factor (or g-value) measures the percentage of heat that passes through the glass. g-value = 
total solar heat gain / incident solar radiation. 
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Project CR n50 = 0.36/h 
Project HA n50 = 0.22/h 
Project SA n50 = 0.56/h 
Project TO n50 = 0.5/h 
Project LA n50 = 0.5/h 
Project SL n50 = 0.46/h  

Table	4.15:	Airtightness	values	of	studied	cases	

The design recommendations for a Passivhaus include a focus on achieving the 

standard’s energy performance. In comparison, the studied cases exhibit similar properties in 

the U-value of external envelope and airtightness. The main differences occur in their form 

factors and orientation.  

4.5 Quantitative correlation 

In order to determine the relationship among the various aspects of comfort traits and 

the occupants’ knowledge, ideology and lifestyle change, the quantifiable data extracted 

from the questionnaire survey have been analysed. The analysis employed ‘exploratory 

factor analysis’. It examined the correlation coefficients between pairs of variables or 

questions. The aim was to find ‘clusters of large correlation coefficients between subsets of 

variables’ that measure ‘aspects of the same underlying dimensions’ (Field, 2000). The 

analysis therefore focused on the underlying dimensions that can be reflected from the 

questionnaire survey. The following table demonstrates the quantitative data gathered from 

the questionnaire survey. The numbers indicate the responses in a 5-points system. The 

complete questionnaire can be found in Appendix A.  
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It can be observed from the analysis that two clusters of variables closely relate to one 

another. Among the various aspects of comfort, Convenience, Heat+air+light, Style and 

Energy efficiency appear to closely relate to each other. These aspects indicate physical 

interactions and control of the Passivhaus system and measurable energy savings that the 

occupants can derive from the system. On the other hand, the other four comfort aspects of 

Privacy, Layout, Health and Leisure correlate more with each other than with other comfort 

traits and receive similar ratings in each individual household. Moreover, those four traits 

also correlate highly to the lifestyle change that took place in the occupants’ experience. This 

was especially true for the negative change of lifestyle in relation to the comfort aspects of 

Privacy (-0.652), Health (-0.771) and Leisure and ease (-0.523). The correlation coefficient 

of Layout to negative change of lifestyle is on the borderline (-0.491). In other words, the 

occupants who experienced a positive change of lifestyle gave higher ratings for one or more 

of the four comfort traits. The occupants who experienced negative change scored lower for 

those traits. 

The two clusters imply two important factors that connect comfort to other experiences 

of the Passivhaus. The first factor measures a more concrete physical interaction between 

the occupants and the house. The variables involved in this cluster are mostly quantifiable 

whereas the second factor reveals a subtler and more experiential measure of comfort and 

lifestyle, a mental image of Passivhaus living. This suggests that the evaluations of privacy, 

layout, health, leisure and ease are influenced by lifestyle change. Or, the occupants who 

perceived higher satisfaction in these categories tended to consider they had experienced a 

positive change in their lifestyle. The analysis reveals a two-dimensional system where 

comfort, knowledge and lifestyle can both interact with and affect each other. 

Further examination of the two clusters in relation to other aspects of the lived 

experience – the ideology of the occupants, knowledge level and, more importantly, the 

energy consumption of the Passivhaus projects– reveal that more interesting correlations can 

be drawn from the comparison.  

It can be observed from the table that when correlating the comfort evaluation with the 

occupants’ perception of lifestyle change, ideology and knowledge, two clusters of factors 

can be found. The first cluster of comfort traits correlates highly with the knowledge level of 

the occupants. These include Domesticity (0.577), Heat+air+light (0.737), Convenience 

(0.824), Style (0.704), Energy efficiency (0.737) and Knowledge. The common 

characteristics of these five traits seem to relate to the physical environment as well as the 
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occupants’ daily activities in a domestic setting. In other words, the occupants who regard 

themselves as having knowledge sufficient to control the Passivhaus gave higher ratings on 

the Convenience, Heat+air+light, Style and Energy efficiency of their Passivhaus 

experience. Meanwhile, it can be observed that ‘Passivhaus ideology’ relates to two aspects 

of comfort in the table: Style and Layout. This also correlates positively to the level of 

knowledge. 

In examining the relationship between comfort traits and architectural design, several 

quantifiable factors have been taken into consideration. They are orientation, form factor, 

airtightness and wall U-value. When correlating the comfort evaluation with those design 

factors, no significant correlation is found. The exception is Orientation, which shows a 

negative correlation coefficient to ‘Convenience’, ‘Heat+Air+Light’ and ‘Energy efficiency’, 

meaning that the occupants have higher satisfaction in the above three traits when living in a 

more directly south-facing building. Orientation also appears to correlate to energy 

consumption positively (0.696) – directly south-facing houses (0 degree) use less energy. 

The detailed comparison can be seen in Appendix C. One reason for a lack of correlation 

between comfort evaluation and the architectural design factors is that the parameters (form 

factor, U-value, airtightness) of the ten projects are very similar to one another. Another 

reason is that the occupants’ perceptions of comfort in a Passivhaus do not appear to directly 

relate to the physical measurements of the building (e.g. U-value, form factor, etc.). 

Furthermore, when correlating the above factors with energy use in proportion to floor 

area, it can be observed that most of the comfort evaluation correlates negatively with energy 

use. Especially the evaluation of ‘Domesticity’, ‘Heat+Air+Light’ and ‘Energy efficiency’. 

On the other hand, the positive evaluation of ‘Health’ seems to contribute to higher energy 

use (0.433). One reason for this correlation could be related to the extra energy used to 

maintain a more comfortable built environment. Noticeably, occupants’ knowledge level 

also correlate with a lower consumption of energy (-0.485). This confirms the importance of 

occupants’ control behavior in affecting energy consumption. 

4.6 Summary   

The quantitative correlational analysis has revealed a two clusters of factors between 

the occupants’ evaluation of comfort and their lifestyle change, ideology and knowledge of 

Passivhaus. These two clusters of factors are termed physical interaction and mental image 

of Passivhaus living. These two clusters are indications that two strands of investigation are 
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needed to study the lived experience of Passivhaus occupants. They also indicate a missing 

link in the questionnaire survey that can potentially connect these two factors in a holistic 

narrative. 

Based on the identification of these two clusters, when cross-referencing with the 

comfort value diagram in questionnaire survey (figure 4.7), it can be observed that the 

occupants appear to be more satisfied with aspects in the cluster of physical interaction 

(Convenience, Heat+air+light, Style and Energy efficiency). Whereas the cluster of mental 

image (Privacy, Layout, Leisure and Ease) seem to be disappointing to the occupants when 

evaluating the comfort in their Passivhaus.  

Moreover, the correlation between energy consumption and the occupants’ evaluation 

of comfort, knowledge and ideology revealed even more interesting connections. It can be 

concluded that the deviation in energy consumption of the studied cases needs to be 

examined with a holistic consideration of occupants’ experience and architectural design. 

The specified features in Passivhaus design guide are able to direct a satisfactory and 

qualified Passivhaus building, however, in order to ensure a high energy performance, other 

design features as well as occupants’ behavior and comfort need to be taken into 

consideration in the design of Passivhaus. 

Undoubtedly, the contextual information in each project plays a vital role in the lived 

experiences of the occupants. The observations and speculations based on a quantitative 

correlation need to be further examined and confirmed within the context of each built 

project. The next chapter delves into the lives of these ten households, using interviews, 

architectural drawings and site photos to explore the lived experiences of the occupants in 

specific geographical and architectural contexts. 
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CHAPTER 5   A CASE STUDY ANALYSIS  

Following the first-stage data collection and questionnaire survey, 10 households were 

contacted again for a semi-structured interview. This chapter contains the second stage of the 

data collection and qualitative analysis of the 10 case studies. The analysis of the stage 2 data 

follows the framework established in the pilot study (Figure 5.1).  

 

 

 

 

	

	

Figure	5.1:	Proposed	data	collection	and	analysis	framework	

This stage uses grounded theory methodology for the collection and analysis of the 

interview data. Open coding, as the first step of grounded theory analysis, forms the main 

structure of this chapter. In open coding, the analysis is executed in the form of individual 

case studies. The aim of open coding is to uncover as much relevant information on the field 

of focus as possible in order to determine categories as a base for further analysis. Through 

open coding, concepts are extracted from raw data and developed in terms of their 

properties.1 By carefully grouping the interview data into codes and concepts, an inductive 

approach to an understanding of Passivhaus living can be presented.  

As explained in Chapter 3, in grounded theory methodology, the constant comparative 

analysis process continues right through to the end of the research period. All transcripts are 

coded immediately following interview and are then reviewed and revised as new data and 

concepts emerge. Preliminary open coding is conducted within the context of each case. The 

emerging categories and properties were defined and refined throughout the entire open 

coding process. The use of memos proved to be exceptionally helpful in comparing, 

                                                        
1 Property: a concept noted in grounded theory methodology. It refers to the characteristics or 
components of an object, event or action. The characteristics give specificity to and define an object, 
event and/or action. Dimension: Variations of a property along a range. 
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grouping and integrating concepts that emerged from the raw data in order to find a higher 

and more conceptualized category.  

More specifically, during the open coding process, each interview was coded separately, 

and the codes were filed into a different folder. In analysing and coding a set of new interview 

data, a previously used code was considered first prior to creating a new code. The completed 

coding of an interview was then reviewed and again compared with a previously coded 

interview to correlate for concepts and look for mutual categories to emerge. It can be stated 

that during the process of open coding, although the codes were generated mainly within the 

context of a single case study, the final categories were refined based on a constant cross-case 

analysis (Figure 5.2). 

 

Figure	5.2:	Grounded	theory	coding	process	in	case	study	framework	

The source for the open coding analysis is the semi-structured interviews conducted with 

each household. The semi-structured interviews began with very open-ended questions such 

as ‘tell me about your house’ or ‘what do you think of your house?’ The interviewee would 

then typically begin with either a general view and evaluation of the Passivhaus or with their 

previous experience. Guided by the preliminary analysis of the questionnaire survey for each 

household, the interview also included questions aimed at clarifying the occupants’ answers 

in the questionnaire survey.  
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The case studies are presented here in chronological order of interview date. They are 

ordered this way to reflect the growing theoretical sensitivity 2  of the researcher and to 

emphasize the inductive process of this research. As was introduced in Chapter 4, the 10 case 

studies were surveyed in three groups. The first group includes six projects, the second group 

includes three projects and the final part presents the last project studied in this research. Five 

themes were proposed from the initial pilot study. These developed into relevant categories, 

with a further two categories emerging through analysis of the first group of case studies. 

These seven categories establish the foundation of the emergent grounded theory. These 

categories appear consistently across the interviews and are ‘higher-level concepts’ that can 

‘group lower-level concepts according to shared properties’ (Corbin, 2008, p. 159). These core 

categories were identified firstly for the reason that they appeared to be common to every 

interview conversation. Secondly, they could be linked with other concepts into a more 

conceptual domain.  

The constant comparative analysis technique adopted in this research enabled a rigorous 

methodological approach. By proceeding simultaneously with data collection and analysis, 

and by always going back and forth to examine and revise the emerging categories, the result 

from every analytical step can be constantly compared, edited and refined. The final core 

categories were refined throughout the entire process of constant comparative analysis. 

However, this very technique also prevented the analysis process from taking the form of a 

linear narrative and contains sharp variations in analytical procedures. Hence, the 

presentation of such analysis, if organised in the exact way the data were coded within each 

case study, would appear to be chaotic. Therefore, in order to present this stage of the 

analysis clearly to the reader without being overly process-driven and repetitive, the structure 

of this chapter is designed to demonstrate the evolution of the analysis rather than present the 

actual process of the analysis.  

This chapter organises the ten case study in three groups which reflects the three phases 

of data collection. Grouping the case studies together and analysing the data in these phases 

helps the researcher to look into details within a single case study, as well as to compare 

each case study and to refine categories before reaching conclusions. Meanwhile, the data 

collection and analysis process for the first group of case studies took place over a period of 

                                                        
2 In the process of open coding, ‘often what events, actions, interactions, emotions share in common is not so 
evident. With time and immersion in the data, a researcher gains insight and sensitivity.’ Known as theoretical 
sensitivity, it enables researchers to group lesser concepts into core categories. Corbin, J. & Strauss., A. (2008) 
Basics of qualitative research; techniques and procedures for developing grounded theory, 3d ed. Reference and 
Research Book News, 23(1). 
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one year and was conducted prior to contact being made with the second group of projects. 

The time taken for evaluation prior to moving on to the next set of case studies also allowed 

for the development of a theory and an increase in the theoretical sensitivity of the 

researcher.  

In the first group of projects, three projects are presented to demonstrate the open 

coding analysis. These three projects are representative of the evolving process of conceptual 

categories. The presentation of each case study is structured under five themes in line with 

those that emerged from the pilot study (Design and construction; Home comfort; 

Passivhaus ideology; Technology, information and communication; Lifestyle change and 

adaptation). The analysis of the other three projects follows a similar structure and can be 

found in Appendix D. The summary of the first group of six projects demonstrates the merits 

of the open coding technique and the transformation of the five themes into the seven core 

categories. The evolution of the categories is introduced at the end of this section.  

In the second group of three projects, project SA is documented in detail under a 

structure of the seven established core categories. This case study demonstrates a mature 

framework made up of the seven emerged core categories for describing a case study. 

Similarly, the other two projects, structured according to the same logic, are appended to this 

thesis in Appendix D. The summary of this section compares the three projects under the 

seven core categories, from which the seven core categories are further refined and explored 

in terms of their properties.  

The results from the detailed examination of the seven categories are then applied to the 

third group, the last case study, project SL, to further articulate the meanings and properties 

of each category as well as to demonstrate the emerging connections between the seven 

categories within a single case.  
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5.1 Group one: study of six projects  

The first group of interviews includes six projects representing ten households in total. 

The characteristics of the projects are diverse in terms of their floor area, ownership, 

occupancy type, construction type and the bioclimatic region in which they are located. 

According to the quantitative analysis conducted in Chapter 4, they also differ in terms of 

their energy use, comfort evaluation, the occupants’ control behaviour, knowledge level and 

architectural features. In analysing the interviews, projects DO, ST and CR are particularly 

demonstrative of the process of developing conceptual categories that connect the lived 

experience of the occupants in each unique project. These three projects are presented here 

as representative samples of open coding analysis and the evolution of the core categories. 

Project 
code 

Floor 
area Ownership 

Building 
type 

Construction 
type 

Bioclimatic 
region 

 

DO 102/88 
Social rental 
multi-family 

Semi-
detached Timber Scotland W 

 

HI 184 

Privately 
owned single 
family Detached Masonry Scotland N 

 

ST 151 

Privately 
owned single 
family Detached Masonry 

England E & 
NE  

FO 211 

Privately 
owned single 
family Detached Timber 

England SE 
& S 

 

CR 160 

Privately 
owned single 
family Detached Masonry Midlands  

HA 163 

Privately 
owned single 
family Detached Timber Scotland W 

 

Table	5.1:	Overview	of	the	six	cases	studied	in	Group	1	and	three	presented	case	studies	

The three projects are representative in the way that from an ideological point of view, 

they represent three levels of the involvement of their occupants in terms of the design and 

construction of the Passivhaus. Although the occupants’ attitudes and evaluations of their 

Passivhaus were all positive, each interview shows variations in their lived experiences 

connected to their involvement in building their homes..  
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Figure	5.3:	Involvement	of	occupants	in	design	in	projects	DO,	ST	and	CR	

Meanwhile, the selected cases also represent projects with extremely low or high 

energy consumption. According to the quantitative analysis in Chapter 4, the DO2 household 

had the lowest energy consumption in proportion to its floor area and household size. Project 

CR also had both very low predicted and actual energy consumption. On the other hand, the 

ST project had relatively higher energy consumption despite its high airtightness level and 

high solar factor from its south-facing windows. 

Throughout the interview, the five themes uncovered in the pilot study were used to 

form the structure of the case study presentation. These five themes formed the basis for 

designing the semi-structured interviews and are used here to organise the interview data in 

order to present each case study and draw comparisons across the three presented projects.  

Theme 1, Design and Construction, examines each case study in terms of its 

orientation, layout, mechanical systems and design features. Theme 2, Passivhaus ideology, 

explores the attitudes and opinions of the occupants towards sustainability and whether these 

constituted reasons for them choosing a Passivhaus. Theme 3, Home comfort, reviews initial 

comfort values from the questionnaire survey, and explores aspects of comfort and 

discomfort in the occupants’ experience. Theme 4, Technology, information and 

communication, demonstrates the occupants’ understanding of Passivhaus technology and 

control systems. Theme 5, Lifestyle change and adaptation, explores any habit change and 

adaptive behaviours occurring during their occupancy. 
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5.1.1 Overview of the three presented projects 

Case DO  

The DO project is located in the south of Scotland. The two rows of 8 semi-detached 

timber-frame houses are all directly south-facing, with limited natural shading on the site. 

The interview took place in May 2014. Four households took part in the interview, two 3-

bedroom houses and 2 two-bedroom houses, with all of the occupants having lived in their 

Passivhaus for longer than two years. The landlord was interviewed regarding general 

information. The household information can be seen in the following table. 

 Age 
group 

Occupation 
date 

Interview 
date 

Household 
size 
(person) 

Floor 
area 
(sqm) 

Participated 
in design 

Thermostat 
setting (ºC) 

Annual 
Energy 
consumption 

DO1 18-60 07/2011 05/2014 3 103 No 18-20 2309 kWh/a 
DO2 18-60 07/2011 05/2014 5 103 No 21-23 3037 kWh/a 
DO3 60+ 07/2011 05/2014 2 88 No 18-20 1859 kWh/a 
DO4 60+ 07/2011 05/2014 2 88 No 18-20 3426 kWh/a 

Table	5.2:	Overview	of	households	information	in	DO	project	

Case ST  

The ST project is located in the countryside of Hexham, north England. The interview 

with the occupants of ST was conducted during a Passivhaus open day in November 2014. 

The visit also benefited from an introduction by the architect, who was also on the site. The 

household information can be seen from the following table. 

Age 
group 

Occupation 
date 

Interview 
date 

Household 
size (person) 

Floor 
area 
(sqm)   

Participated 
in design 

Thermostat 
setting (ºC)	

Annual 
Energy 
consumption	

18-60 02/2013 11/2014 2 151 Yes 21-23 6496 kWh /a	

Table	5.3:	Overview	of	households	information	in	ST	project	

Case CR 

CR project is located in Worcestershire. This project has the lowest predicted primary 

energy demand among all of the case studies. The interview was conducted via Skype with 

one occupant in February 2015, and the family had lived in the house for nearly four years at 

the time of the interview. Information was also gathered prior to the interview from both a 

YouTube video introduction of the house made by the occupant and a website of the project 

managed by the occupant. The household information can be found in the following table. 

Age 
group 

Occupation 
date 

Interview 
date 

Household 
size (person) 

Floor 
area 
(sqm) 

Participated 
in design 

Thermostat 
setting (ºC)	

Annual 
Energy 
consumption	

60+ 08/2011 02/2015 2 160 Yes 18-20 2708 kWh /a	

Table	5.4:	Overview	of	households	information	in	CR	project	
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5.1.2 Open coding under five themes 

Design and Construction 

The DO project has a compact layout (see section 4.4.3). The ground floor includes the 

living space, kitchen and a utility room, while the first floor has either two or three 

bedrooms. Designed as groups of semi-detached dwellings, the windows are largely on the 

north and south sides of the building. There are only two small windows on the east and west 

sides of each household.	The mechanical system of the DO Passivhaus features a Paul 

Novus mechanical ventilation and heat recovery (MVHR) unit to provide air circulation. 

Backup heating is provided by a post heater installed in the MVHR system and a wood-

burning stove in the living room. The wood-burning stove also provides domestic hot water 

to the household whenever the solar thermal system is not sufficient to provide heat energy.	

The ST house is south-facing, surrounded by farmland. It has a masonry construction, 

two storeys and a floor area of 151 square metres. The house includes an open-plan 

dining/living space on the ground floor and three bedrooms on the first floor. The garage is 

designed outside the thermal envelope. The heating system uses a Paul Novus MVHR unit 

backed up by a condensing boiler. Radiators are installed in every room of the dwelling. The 

hot water is primarily provided via the solar thermal system. It is also backed up by a gas 

boiler. Different from the DO project, the ST occupants participated in the design stage, 

which enabled them to include their ideas for comfort at home. This virtual living experience 

helped them design the house to their needs: 

We wanted it like this, sitting area, and dining together, dining room to 
be hidden from the kitchen, so that you sitting at the table you don't see all 
pans that you left behind, but while you are standing there cooking you can 
be having a conversation if you have people in, you can be talking then. [...] 

Similar to the pilot study, the virtual living experience enabled the occupants to become 

familiar with the house long before they occupied it. It also served as a process of 

transformation, whereby the family’s perception of home comfort was transformed into 

architectural properties based on both their previous experiences and some new ideas. 

The CR Passivhaus is south-facing, with a two-storey conservatory to the south. It has 

a timber construction and two storeys with a floor area of 160 square metres, similar to the 

ST project. The house has a compact form. The ground floor consists of four bedrooms, one 

bathroom, one shower room and a utility room, all of which are connected by a short 
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corridor which also contains a one-run stair leading up to the first floor. The rooms are 

relatively small in size and irregular in shape. There is a central hallway connecting the 

rooms. The ground floor includes an open-plan dining/kitchen space, a separate living space 

and a double-height entrance hall. The first floor has an open-plan living room, a kitchen, a 

study and a toilet. The interview revealed that to achieve such thermal performance, the 

design of the layout of the house played a crucial rule. The house features an inverted layout, 

with the bedrooms on the ground floor and the living space on the first floor. It was termed 

by the occupant as ‘upside-down living’. This layout was designed to fit the sole purpose of 

achieving a ‘very very energy efficient design’ using the science of thermodynamics. Such a 

design was also considered by the occupant as a good strategy to ‘move heat about’ and to 

create subtle variations in temperature between each room: 

[…] we have four bedrooms are downstairs, the living area is upstairs, 
which gives us an advantage in terms of ... If it's a little bit coldish towards 
the end of the winter, it's always a couple of degrees warmer upstairs. It 
makes sense to have the living room upstairs where it's warmer and have 
the bedroom downstairs where you can just use a thicker duvet […] 

The design of the house was inspired by another ‘autonomous’ house in England which 

featured similar architectural characteristics and a similar technical system. According to the 

occupant, the starting point for the design was the composting toilet. The layout was 

designed to line up the two toilets on the two floors with the composting tank in the 

basement. In the basement, a space was also created to accommodate several rain water 

collection tanks from which water for domestic use could be extracted. For most of the self-

builders in the previous interviews, the idea of building a Passivhaus without any backup 

heating was quite frightening, meaning that the majority of the Passivhaus owners decided to 

build in at least one other heating system, as was seen in previous cases. However, in the CR 

project, the design was kept true to the passive concept from the beginning right through to 

the end, and the concept was realised in the final construction. The building did not have a 

central heating system or a thermostat (not even a post heater3 as part of the MVHR system). 

The only heater was an electric fire which was manually controlled and seldom used.  

Maximising solar gain is also crucial for a passive design, and this house features a 

south-facing living room with fully glazed doors/windows and a double-storey sun space. 

Meanwhile, the issue of overheating that may arise from such a design was also considered 

                                                        
3 A post heater is an active electric heating device installed as part of an MVHR system. It has very 
low electricity consumption and is efficient at heating incoming air. 
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during the design process. It was suggested in the interview that the house was built and 

furnished with high thermal mass materials wherever possible in order to accommodate 

excessive heat and moderate temperature variations. The use of high thermal mass materials 

(such as concrete and terracotta tiles) has resulted in a unique and exotic interior. In the 

occupant’s own words, ‘the style has created itself’.  

  

 

Figure	5.4:	Interior	images	of	CR	project	

Meanwhile, the CR project also has a much more integrated system that exceeds the 

Passivhaus standard. It features a composting toilet and rain water collection which enable 

the occupants to live off-grid from the main water supply. With its own PV electricity 

generation, the house is believed to be carbon negative and generates a small amount of 

profit every year.	 

Passivhaus ideology 

According to the landlord of the DO project, the prospective tenants were given basic 

information about the Passivhaus and were told that living in this property required a certain 

change in lifestyle. The selection of tenants was based on whether the prospective tenants 

would be accepting of such a lifestyle change. As a result, the four interviewed tenants all 

displayed a positive attitude and enthusiasm when moving into the Passivhaus. Furthermore, 

the interview with the four households revealed many similarities in their experiences and 

showed that their positivity and satisfaction continues throughout their everyday living. In 

the occupants’ own words, their attitudes towards the Passivhaus can be observed: 

DO2: … I was quite happy with my old house part from the fact I was 
freezing, I wasn't really looking to move, so I moved in because it was so 
exciting. 
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This positive attitude affected both their living experience to a great extent and also 

how they subsequently viewed the Passivhaus as a new concept for home comfort three 

years after occupancy.  

All the interviewees except DO1 had lived in a rural setting in their previous houses. In 

comparing their new and previous houses, all four tenants agreed that the Passivhaus was a 

definite step up in terms of thermal comfort. They had also seen significant reductions in 

their energy bills. In describing how they lived previously, the DO2 occupant specifically 

mentioned how ‘freezing’ and ‘environmentally unfriendly’ her old house was, where she 

had to ‘staple the duvet onto the wall’ to defend the cold air and had ‘ridiculous’ energy 

bills. The DO3 occupant stated that her previous house in the forest had ‘no insulation’, 

could get down to ‘minus 30 degrees’ in winter and was ‘very expensive to run’. The new 

house made her ‘stop worrying about keeping the house warm’.  DO4 described her old 

house as a ‘leaky old farmhouse on the top of a hill’. However, it was also observed in the 

interview that there were certain elements that the tenants missed about their old ways of 

living or that they found new habits hard to get used to.  

Similarly, in adapting to a new control system, some of the occupants found this to be 

more challenging than others, mainly depending on how the ways in which they had serviced 

their old houses. A DO1 tenant suggested that the new service system was not as automatic 

or convenient as before, to the extent that a ‘conscious effort’ needed to be made to be sure 

of a hot water supply. It became a change of lifestyle from being passive when controlling 

the service system to ‘making a conscious effort’.  

DO1: Well, before if you have gas, or you know you boiler, it's 
constantly just a full...you just always get your hot water aren't you? you 
know, from you immersion, hmm, … obviously it's going from having a 
switch for central heating to actually having to use the log fire and the 
wood… get it prepared and ... I've never lit a fire before...  

In contrast, the other three tenants, who had previous experience tending fires, seemed 

to consider the new system as more convenient in many ways in comparison to their 

previous house. It thus seemed that ‘home comfort’ is a relative concept depending on what 

it is based upon: 

DO2: I always had an open fire. I'd always light it, even in the summer 
in the evening I'd light it just to get the water hot for the next day so that's 
been a big change certainly…. I don't need to do anything again. Now I got 
constant hot water at the moment, never have to think about it […] 
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Nonetheless, the method they used to obtain hot water was definitely a change in their 

daily habit, but because of their positive attitude and enthusiasm, the change had been 

positively received.  

For the ST occupants, the new mechanical system was not as well received. Previously 

living in Aberdeenshire, the occupants of the ST project stated that the reason they chose the 

Passivhaus model was that they ‘just thought [they] had always been cold and [they] would 

just go for the best that [they] could’. They vividly described how they had lived before: 

[…] Previous house was always cold, draughty. We always wore 
slippers and you may need a hat […] We used before you know quickly 
shut the door and keep leaving just warm little room… We only had fire,… 
we need to put sticks in the fire and burn it [to get hot water…] 

For them, the Passivhaus represented a guaranteed upgrade in thermal comfort. On the 

other hand, however, the above description also suggested a complete change of service 

system. Even a gas boiler was something that was unfamiliar to them. The image of being 

wrapped in woolly clothing whilst tending a roaring fire was no longer a part of their daily 

lives. As such, they had made a conscious decision to opt out of this in a bid to reduce the 

time and effort spent on maintenance.  

We did discuss whether to put a stove in, we thought about it, and 
decided that maybe we had enough of the mess, you know wood burning 
stoves, high maintenance, all lovely with the logs by the fire but it was just 
messy […] 

However, the old house had left them with a preference for a solid masonry structure, 

which was a main reason for them choosing stone as the building material for their 

Passivhaus. In the interview, the occupants complained about the poor sound insulation in 

the interior. It was mentioned that their previous house had ‘solid walls’ that created a quiet 

interior. The sounds of a flushing toilet or of footsteps in the new house could be heard 

through the ‘stud wall’ and made them feel less private. 

From the interview, the CR occupants’ previous accommodation was described as a 

‘typical semi-detached Victorian house’. The house was double-glazed and moderately 

insulated, with a common gas, water and drainage system connected to the main grid. 

However, the thermal comfort was not to the occupants’ standard. According to the 

occupant, their old Victorian house ‘was costing 2200 pounds a year’. It was suggested by 

the occupants that their plan for building a new house was aimed not only at improving the 
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thermal environment, but also at establishing a completely different way of living. The new 

house was planned to be ‘autonomous’, which meant that it would be independent from the 

main grid of gas, water and drainage. In order to achieve this, the new house was designed to 

include a rain water collection and purification system, composting toilet and PV electricity 

generation system. It may be thus regarded as a reconstruction of the established modern 

way of living. 

The occupant described the house as ‘a nerve-wracking experiment’ as the design and 

construction process was very costly and technically difficult. However, the motivation 

behind it was strong, and the house itself has become an ‘achievement’ that accommodated 

the occupants’ own environmental concerns and ideology of what constituted ‘a good way to 

live’:  

I was more and more concerned about the environment in a terrible state 
and we are not doing anything to make it better, thinking is there anything I 
can do. What can we do that might actually just make a tiny tiny difference 
cuz you could only make a tiny difference on your own, so the building of 
the house, combined, leaving London with an interesting project, for 
retirement, and ultimately hopefully a worthwhile outcome […] 

Home comfort 

As discussed in Chapter 4, the comfort value diagram illustrates the expectation and 

evaluation made by the occupants in relation to nine different aspects of comfort. In the 

interview with the DO occupants, it can be observed that aspects such as Privacy, 

Domesticity and Leisure and Ease receive relatively low or unsatisfactory ratings.  

DO1 comfort value chart  DO2 comfort value chart 
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DO3 comfort value chart  DO4 comfort value chart  

Figure	5.5:	Comfort	value	diagram	of	DO	households	

Speaking of the comfort, the occupant suggested that the house performed well in cold 

weather, although it did not supply enough relief from high temperatures in the summer. All 

of the occupants mentioned the house could get ‘a bit too warm’ in the summer. The 

compactness of this project and its lack of natural shading have made the houses more prone 

to overheating. 

DO1: It’s comfortable, in the summer it can get warm, really warm. If 
you don't have you doors and windows open, you can use the ventilation 
system, MVHR unit, you use that, you know, to cool the house, the 
ventilation, I don't think that’s enough, cos it’s really... in the winter it’s 
fine, it’s very very rare that I’ve been cold.  

The DO2 occupant specifically mentioned that the biggest indication of comfort in the 

Passivhaus was a change of indoor clothing, quite specifically in the context of ‘having 

friends around’, whereby the new house seemed to provide a more ‘sociable environment’ 

for the tenant as a consequence of its thermal comfort: 

DO2: Just being warm and all. Less clothes, don't need to have friends 
around and keep all the clothes on […] 

The DO3 and DO4 occupants had previously lived in very isolated areas, meaning that 

although the DO project is situated five miles from local amenities, they still found it ‘an 

enormous change of lifestyle’ to be around people in the community, which took them a 

while to get used to. For these two tenants, privacy was a priority in their evaluation of 

comfort. This was also reflected in their comfort value diagram completed for the 

questionnaire survey.  
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Meanwhile, the occupants appreciated the efficiency with which they were able to carry 

out domestic work as a result of being in an airtight, mechanically ventilated house. The 

ability to dry clothes efficiently indoors was a huge advantage of living in a Passivhaus.  

The DO3 occupants’ positive perceptions included the architectural properties such as 

the size of the rooms, the lighting and the safety provided by the triple-glazed windows. 

However, despite the upgrade in terms of architectural thermal comfort, the DO3 occupant 

suggested the air was a little too dry for her liking. Compared to DO2, who considered a dry 

atmosphere an upside for drying clothes efficiently, DO3 considered it to be a downside to 

her health, and she often opened the windows for ventilation so that she could get ‘a bit of a 

breeze’: 

DO3: […] we were advised to have lots of plants and things like that, 
it's a quite dry atmosphere, I know that from my skin even, I think L said as 
well when we first moved in first year first winter we had this kinda like 
really dry throat, you know it's really dry. 

For the ST residents, they expressed an even greater level of satisfaction with the 

comfort provided by their Passivhaus. The house was described as providing ‘much more 

comfort’. When talking about comfort, thermal comfort was mentioned first, especially the 

even temperature. The efficiency of containing and utilising internal heat gains was highly 

appreciated by the occupants: 

It is slightly warmer, but everywhere is the same […] we might put the 
boiler on for 5 or 10 min, and it will just stays up, or if I cook, that tends to 
bring it up another degree, and then it holds it, it doesn't lose it. 

What seemed to be a more apparent evidence of comfort was the consequences on their 

behaviours and the abilities afforded to them by a more preferable thermal environment. 

They had stopped wearing slippers or hats indoors and their activities in the house had 

changed slightly. They stopped ‘closing the [internal] doors’ and started to ‘use the whole 

house’. The thermal comfort had become a supportive role in activating or energising the 

social aspect of home comfort. The feeling of leisure and relaxation they received because of 

the change in thermal environment was appreciated even more. The only shortcoming was 

related to the issue of privacy as a result of the large glazed area in the living room. This 

issue will be explored further in Lifestyle change and adaptation. 
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Figure	5.6:	Comfort	value	diagram	of	ST	household	

For the CR occupants, when speaking of thermal comfort, as can be seen in the comfort 

value chart, the overall evaluation of the comfort provided by this Passivhaus exceeded the 

occupants’ expectations. The occupant suggested that the indoor temperature varied across 

different rooms, with the amount of variation dependent on external conditions. More 

interesting was that the comfort he experienced derived not only from an improved thermal 

environment or energy cost savings but from a whole different living experience. In addition 

to the thermal comfort and quietness the Passivhaus provided, sustainable living itself 

became a huge focus of comfort for the occupants: 

[…] so it's a whole series of factors that all adds up together to make it 
comfortable in a way that it is, I wouldn't want to live in a house that wasn't 
a PH now, or indeed wasn't this. I love having control over the water supply 
and I love the fact that our personal human waste is actually ends up 
fertilizing the garden. It makes perfect sense to me.  

 

Figure	5.7:	Comfort	value	diagram	of	CR	household	
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Technology, information and communication 

The new technology in Passivhaus was particularly challenging for the occupants in 

DO project. Faced with an unfamiliar layout, a different thermal environment and a 

completely new service system, the adjustments made to the layout and furnishing were far 

from sufficient. Not only did the temperature need to be adjusted, but there needed to be a 

more important adjustment in order to ensure a supply of domestic hot water. As previously 

stated, the new house features a different type of service system. Domestic hot water is 

heated by solar thermal panels where possible, backed up by a wood-burning stove on 

gloomy winter days. Unlike a traditional stove, which served as a heating source, the wood 

burner in this project performed a different function, as 90% of its generated heat went to 

heat the water. If the stove was to be lit in the same way, the tank of water would heat up 

very quickly and the system would automatically flush in cold water to prevent overheating. 

Having attempted to resolve the problem for several months during their first winter in the 

house, the tenants then learned to burn the stove slowly and only light it when necessary. 

The landlord of the estate also installed a simple lighting system by the stove to indicate if it 

was necessary to light the fire – ‘A green light tells me to put the fire on, a red light tells me 

to put the fire off’. 

DO1:[…] In the winter, when I come home, or I'll have to put the fire 
on, and I'll have to put it on about 4 o clock, so it heats up in time, so when 
the kids come to have the shower, it's hot enough, and you got hot water all 
through the night, and then that following day, until you light up your fire 
again, so it's just getting into that routine of knowing… 

The occupants’ confidence in controlling the new system in this case was very 

impressive. From knowing nothing about Passivhaus to being confident in operating it to its 

full capacity, time and effort were required to get into a ‘routine of knowing’. For the social 

tenants especially, how well they adapted to the new set of ‘routine of knowing’ was largely 

determined by whether they had somewhere from which to obtain relevant information and 

support if needed, the nature and strength of their motivations and the strategies that were 

both provided and learned.  

A collective learning process was also mentioned. According to the conversation, the 

tenants had no form of collective induction. Instead, they were given booklets and a simple 

walkthrough of the system. It can be argued that more information should be provided at the 

hand-over stage. However, the more pertinent message delivered through this case study 

related to ways of striking a balance between the amount of information given to the tenants 
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and the amount that they can explore by themselves. Too much or too little information 

could both constitute potential barriers to the occupants effectively learning to control the 

system. In this case, as the occupant suggested that the housing association were ‘learning as 

they were going’, the occupants all had ‘basic’ but adequate knowledge of the Passivhaus 

system. When asked, they were able to describe the way the MVHR worked without getting 

into technical details. The encouragement given by the housing association allowed for ‘trial 

and error’ to take place, and the technical support helped the tenants to go through a learning 

curve. Many of the issues with the technical system occurred at the beginning of the 

occupancy and were a collective problem across the community. These issues were solved 

through ‘trial and error’ and collective learning between the tenants, housing association and 

technicians. The learning period (from when the occupants moved in until the time they felt 

very confident about using the system) ranged from three to eight months in duration. This 

‘learning by doing’, hands-on approach seemed quite important for the occupants to be better 

adapted to the new set of controls. 

DO2: […] we were messing around switching off the fuse box and 
everything just to try and stop the pump running all night […] I had lots of 
dealing with the plumbers in and out, quite a lot because all the problems, 
they were learning, been very educated all for them as well [….] I did 
[resolved by myself] in the end. 

Furthermore, this ‘routine of knowing’ was not only about the knowledge of controlling 

the service system to achieve comfort; it was also about knowing the most efficient way to 

operate it and the consequences of not operating the system properly. In this case, the 

community, as a collective learning hub, and the support provided by the housing 

association, each played a very important role. The energy use of each household was 

monitored and made available to the tenants, from which the consequences of not using the 

Passivhaus system properly were added to the knowledge base of the community. In the 

interview, a story was told by all four interviewees about a previous tenant. According to the 

interviewees, the tenant in question did not use the stove for hot water, but instead used an 

immersion heater. This resulted in a much higher monitored energy consumption. This story, 

known as ‘the lady who never lit the fire’, was considered by the community as a motivator 

to actively engage in controlling the Passivhaus to achieve its best performance. 

DO4: […] but the girl just moved out, she uses immersion heater all the 
time, her bills must be horrendous, she didn't want the fire […]  Such a 
waste of opportunity. 
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The knowledge base grew as this collective learning process continued within the 

community as a whole. The confidence the occupants felt in controlling the system was to a 

great extent a result of a ‘community-oriented’ learning curve. Because of the collective 

learning process at the beginning, problems were resolved, knowledge was acquired 

collectively and the tenants felt confident in exploring the system and sharing their 

knowledge to resolve issues that were occurring in their neighbours’ houses. It was also 

believed that new tenants would benefit from this process as well, with the occupants all 

showing a willingness to help and share their experiences and tips about their Passivhaus 

with any new tenants.  

On the other hand, all four tenants appreciated the manual effort associated with being 

able to have hot water without resorting to use of the immersion heater and the accessibility 

of a single-point thermostat. Interaction with the MVHR system was kept to a minimum, and 

the occupants would manually open windows to moderate air flow and indoor humidity. 

Similarly, a barrier to adapting to the control system was a state of either ‘not knowing’ or 

‘not in control’. For example, when talking about the summer bypass function with occupant 

DO2, she was sceptical about whether it could provide air conditioning, thus she never used 

it and instead opened windows to cool the house in the summer. Also, DO4 suggested that 

she would like to know the exact temperature of the hot water in the tank at different levels, 

so that she could plan her hot water usage accordingly. The advice given by the housing 

association that ‘you are in control of your own energy bill’ was a big motivator for pursuing 

behavioural change in relation to manual control. 

In contrast to the DO project, for the ST household, despite their appraisal of the 

thermal comfort received, there were only a very limited number of ways in which they 

could achieve a thermal environment that matched their specific preference. The new 

mechanical system was completely different to that which they were used to. So, when 

speaking about the MVHR system, they admitted they were ‘not really good at it’. They 

seemed to understand its basic operations such as controlling the fan speed but chose to ‘just 

leave it alone’. They would put the boiler on when feeling cold; ‘from November till 

February, two hours every day’. However, the backup heating provided by the gas boiler was 

connected to radiators in every room, and this posed another problem – a feeling of not being 

in control of the temperature in individual rooms: 

If you can warm this room up, for just sitting, it warms the whole house 
up, it would be good to just do one room. …If you just sit here in the 
evenings, we want to be just a little bit warmer to sit comfortably, so you 
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want to be at 21, but then you go to bed, 21 is too hot, we missed individual 
temperature control, sometimes the bedroom is too warm.  

For CR household, as a very ‘practical’ and technically minded person, the occupant 

designed the technical system himself. He also kept two data logs in which he monitored and 

kept a record of the temperature both outside and inside the house. The occupants chose to 

control it themselves and built this activity into a part of their ‘routine of knowing’. 

[…] There's summer bypass you mentioned, you can turn on and off 
automatically. We actually choose to do that manually when I think the 
time is right, we actually tend to towards the end of summer we tend to 
continue to reclaim heat even though it was a bit warm inside the house 
because we are storing heat up as we go into the winter. Again we tend to 
put the bypass on a bit earlier than some people might, we actually start 
cool the house down before we get into summer. So we don't over heat, we 
prefer to do that ourselves,  

Although the capital cost of executing the project was high, the completed project 

proved to be financially beneficial in the long term. According to the occupant, the new 

house is generating a profit of between £700 and £750 a year from a government grant for 

carbon offset and the feed-in tariff of their own electricity generation. Similar to the 

occupants interviewed in the pilot study, the CR occupant concluded that a ‘green building’ 

costs much more to build but he also had an increasingly positive attitude towards its high 

capital cost as the outcomes of this big investment benefited him financially to a greater 

degree than was expected. It thus proved to be a success as a business model. The extremely 

integrated and efficient system enabled the house to perform efficiently, but more crucially 

in this case, the efficient operation of the occupants made it a reality. 

Lifestyle change and adaptation 

Without the opportunity to design the house to their specific needs, the occupants in this 

project made adjustments to personalise their indoor environment, including to furnishings, 

interior fittings and the arrangement of furniture. These adjustments altered their thermal 

environment, whether this was intentional or unintentional. As suggested by the tenant, the 

house has a tendency to become a little overheated in the summer. By adjusting the flooring 

and blinds, the comfort has been reconciled and is now more attuned to a personal thermal 

sensation.  
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More interestingly, with a higher indoor temperature and better thermal capacity, the 

perception and use of a stove as a ‘focal point’ in the living room has changed. The focal 

point of the living room has thus slightly shifted away from the stove.  

DO1: Particularly I think the fire, so before I would put the fire on and it 
was a nice thing to sit around and I still trying to use the fire like that just to 
have a nice thing in the room, then I realized it's just completely pointless, 
cos you just sit there and take off all your clothes and open all the windows 
[…] 

In the conversation with occupant DO4, a number of design issues were exposed, such 

as in the upstairs bathroom, where the pitched roof limited the available headroom for 

installing a shower head, meaning the occupant turned the downstairs cloakroom into 

another shower room.  

Meanwhile, when referring to energy consumption, ‘lifestyle’ was always mentioned in 

relation to it. It mainly involved household sizes and the use of home electric appliances. The 

use of heating and hot water did not, however, seem to be a huge part. This suggested that the 

tenants considered the heating and hot water usage to be optimised to the extent that no 

further improvement could be made effectively without compromising their preferred home 

comfort. It also suggested a raising of awareness of electricity consumption and concerns for 

the energy efficiency of electric equipment as a result of a decreased heating/hot water bill.  

DO3: I don't have TV, before my grandson came, this one until April 
was to have TV and wii, I'm doing more washing and cooking, so I don't 
expected it to go much higher, we don't have a lot of electrical, we haven't 
got a computer, we are thinking of getting one, we normally use library. 

Besides adapting habits to a new control system, a shift of mindset was also required in 

terms of the occupants having to know what they needed to know – a psychological 

adaptation. For the occupants in this case, this included being more aware of the weather, 

remembering to shut windows and doors and having the patience and confidence to achieve 

internal gains.  

DO3: so it's a question of changing your lifestyle really according to the 
weather […] 

DO2: […] if the kids doing exercise the whole house would be roasting. 
I told them if they get cold, go do some exercise[…] 
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For the ST household, having participated in the design and the ‘virtual living 

experience’, home comfort was designed and prioritised across many aspects of the house. 

However, moving into a new house, especially a housing type that remains relatively under-

explored, certain adaptations were needed in order to achieve comfort. In this case, the large 

windows to the south were a source of concern for the couple in terms of privacy, despite the 

fact that the house is in a very rural location. This dissatisfaction also echoed their evaluation 

of comfort in the questionnaire survey (see diagram above). To regain a sense of privacy, 

they built a hedge in front of the big windows. 

 

Q: In the questionnaire you rated 3 on 
the privacy of the house, why's that?  
A: Big windows, people can see.  
Q: In terms of the windows, you said 
you were participated in design 
process, so must have been agreed.  
A: Yes yes, we wanted a big window 
to the south.  
Q: Then you regretted?  
A: Yes... no, we built a hedge.  

 

														 	 	 	 Figure	5.8:	Interior	image	of	ST	household	

For the CR project, unlike the other self-build Passivhaus projects, the much bolder and 

more innovative ‘living system’ of this building inevitably required the occupants to make a 

conscious effort to adapt to it during post occupancy. For instance, in order to control 

overheating, an observable behavioural adaptation, a newly developed routine of combining 

natural ventilation, shading and mechanical ventilation was performed: 

 […] In the summer we do open the windows in an intelligent way so 
early in the morning we open north facing windows on the ground floor, let 
the cool air come in and walk its way upstairs. So we pull blinds down to 
keep away the mid-day summer sun out when necessary, we also use the 
MVHR system to do night time purging. […] From about mid night 
through to 6 am, […] by the morning the house is quite cool. 

Aside from a behavioural adaptation, the occupants also became ‘more aware of not 

wasting heat, not letting it escape’. For the environmental concern of the occupant, the house 

was built to enable a more sustainable way of living, of which the actual Passivhaus concept 

was only a part.  

[…] some aspects of the design just the way of doing things, so we 
spent more on it, if PH design was the norm, main stream, and everyone 
was building them, they might cost a little bit more than conventional 
houses but probably not a huge amount more. 
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Summary 

The DO case study forms a contrasting comparison to the private single-family 

Passivhaus analysed in the pilot study. It is in many ways different from the conversation 

with the PL occupants. It to some extent confirms a division between the two different types 

of occupancy: those occupants that are involved in the design of their Passivhaus and those 

occupants that rent a ready-made Passivhaus. It is commonly believed that because of the 

new technology involved in operating a Passivhaus, those occupants who participate in its 

design will have more information and knowledge in relation to controlling the service 

system. However, comparing the two cases, the differences in the occupants’ experiences do 

not suggest the outcomes were necessarily as commonly believed. In fact, they reveal quite 

the opposite. In this project, the active role played by the occupants in the process of 

inhabiting a Passivhaus and learning to operate it more efficiently has resulted in a new set 

of behaviours and norms specifically developed for the Passivhaus lifestyle. This represents 

a very positive interaction between the habitants and their habitats. The occupants have 

changed their habits to suit a more sustainable lifestyle and have established a way of being 

more closely connected to the outdoor environment by being aware of the weather and 

controlling their house accordingly. In doing this, it appears that the occupants have ‘co-

evolved’ with the Passivhaus. 

A table of such adaptations in relation to the built environment of this project can be 

observed as follows. 

 

Discomfort 
/problems 

Adaptive process Built environment 

Overheating (in 
summer) 

1. Fitting curtains/blinds 
to south-facing windows, 
and timber floor in living 
room (House  DO1, 3, 4) 
 
2. Open windows to cool 
the house (House  DO2, 
3, 4) 

The overheating issue is 
especially severe in 
upstairs bedroom 2, 
where the glazing area 
is relatively large 
compared with the 
room size. 
The tenants have the 
liberty to arrange 
interior fittings, the 
windows are all 

openable for natural ventilation. 
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Overheating 
(from wood 
burner) 

1. Shifting the focal point 
of the living room away 
from the stove (House 
DO1, 2) 
 
2. Burn wood slowly to 
achieve a low and steady 
heat (Houses 1, 2, 3, 4) 
 

The open-plan 
living/dining space 
enabled the shift of 
focal point. 
 

Slow response 
when trying to 
increase 
internal 
temperature 

1. Being patient to wait 
for the temperature to 
slowly rise (House DO1) 
 
2. Cook, light candles or 
do exercise to use internal 
gain to increase 
temperature (Houses 
DO1, 2, 4) 
 
3. Thermostat control and 
thermometer are installed 
and accessible to simplify 
temperature control and 
visualise actual 
temperature (Houses 
DO1, 2, 3, 4) 

 
 
 
 
 
 
 
 
 
 
The thermometer installed in every house is 
indicative. 
 
 
 
 
 
 
 
 
All control panels are easily accessible. 

Operating 
wood burner to 
get DHW 

1. Adapting to new ways 
of operating the wood 
burner (Houses DO1, 2, 3, 
4) 
 
2. Fitting in a lighting 
system as an indicator to 
control the stove more 
efficiently (DO1, 2, 3, 4) 
 
3. Developing the habit  
of checking the weather 
frequently (House  DO1, 
3, 4) 
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4. Being very careful not 
to use immersion heater 
(Houses DO1, 2, 3, 4) 
 

Immersion heater switch has 
been intentionally tucked 
away behind shelves by the 
DO4 occupant so as not to 
use it often. 

Shower head 
too low 
(reported only 
by DO4) 

The occupant changed the 
downstairs WC into a 
shower room. 

Flexible layout compensated 
the design problem and made 
it possible for the WC to be 
changed into a shower room. 
 

 

Table	5.5:	Summary	of	lifestyle	change	and	adaptation	in	relation	to	built	environment	in	DO	project	

Moreover, from knowing nothing about the Passivhaus to being confident in 

controlling the Passivhaus system, from a purely enthusiastic attitude to being actively 

engaged in behavioural and psychological adaptation, during the interview, occupant DO1 

repeatedly suggested that ‘you can’t be lazy when living in a house like this’, as this would 

‘defeat the idea’ of the Passivhaus. The occupants’ perception of the objective of a 

Passivhaus is confirmed by their three years of low energy bills. The tenants’ idea of the 

Passivhaus has evolved into something much more concrete and not achieving this objective 

is not acceptable in their norms of sustainable living. 

Another important point reflected in this case is the role played by the community to 

solve collective issues and to support and establish new sustainable behaviours. The 

community in this case firstly served as a knowledge hub to help members solve technical 

issues regarding the new control system. More importantly, the community acted as a 
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motivator to encourage and promote energy-saving behaviours. It further enabled such 

change to become the new norms of Passivhaus living. 

On the other hand, the ST project had more in common with the pilot study and made a 

contrasting case to the DO project. The family has come a long way from operating a single 

fireplace-heated stone house to running a state-of-the-art Passivhaus. The whole process, 

which began with their decision to choose a Passivhaus concept all the way through its 

design and construction to post occupancy, related to their idea of balancing comfort and 

energy use. The warmth and low energy bills they received and the privacy they achieved are 

ideas of comfort rooted in their established comfort regime. This specific purpose of comfort 

justified the extra capital cost required to achieve the Passivhaus standard.  

Similar to DO project, the occupants also showed certain adaptations to achieve 

comfort: 

Discomfort 
/problems 

Adaptive process Built environment 

Privacy compromised 
by big windows 

A hedge was built in front 
of the window 
 

 
Even though the occupants fitted curtains 
on the glazed door, they felt the need to 
add some landscape to gain more privacy, 
so as not to feel exposed. 
 

Not able to control 
individual room 
temperature 

No adaptations observed The separate heating system powered by 
the boiler supplies heat to the radiators in 
each room. However, the occupants did 
not know how to control each radiator. 
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Bedroom too warm No adaptations observed  
 
 
 
 
 
 
 
 
 
 
 
Bedroom 3, which is almost directly 
south-facing and has two windows, can 
easily become overheated. 

Table	5.6:	Summary	of	lifestyle	change	and	adaptation	in	relation	to	built	environment	in	ST	project	

However, after 20 months of living in the house, the occupants were still unsure about 

controlling the new service system. Similar to the PL project, the occupants were not 

confident of how best to achieve a desired slight temperature variation across different 

rooms. The following table includes the adaptations or adjustments made by the occupants. 

In comparison with the DO project, due to a lack of understanding of the technical system, 

the ST occupants have changed very little to achieve comfort. 

The CR project stands out among the previously analysed cases for its holistic approach 

to sustainability that was evident through the interview. In the pilot study, the occupants of 

the PL project implied an ‘over-the-top’ outlook to ecological living in which modern 

sanitary equipment was replaced with a composting system. In the CR project, the 

Passivhaus system represents only a part of their sustainable living. The sustainable 

measures in this project extend beyond the heating/cooling efficiency that the Passivhaus 

methodology provides. This case has demonstrated a good compatibility between the 

Passivhaus system and other sustainable measures in a residential environment. As a result, 

the lived experience reveals more effort on the part of the occupants to adapt to a sustainable 

lifestyle. This sustainable lifestyle has become an aspect of comfort itself that is enjoyed and 

practiced as part of the occupants’ everyday lives. The adaptations made by the occupants in 

this project are outlined in the following table. 
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Discomfort/ 
Problems 

Adaptive process Built environment 

Overheating in 
summer 

Materials with high 
thermal mass were used 
in the construction to 
mitigate temperature 
change.  
 
Occupants adapted 
clothing and bedding for 
a warmer indoor 
environment 
 
Occupants adapted their 
behaviour in opening 
windows intelligently to 
control summertime 
overheating. 

The inverted layout ensures an efficient heat 
distribution. The layout of the house does not 
suggest effective cross ventilation, however the 
occupant learned to operate windows effectively, 
together with the MVHR night purging function 
to create better cross and stack ventilation. 

 
Other Adapted schedule of 

operating washing 
machine and dishwasher 
to suit the PV electricity 
generation 
More aware of not 
wasting heat, keeps 
energy data logs 

This household developed new habits to further 
decrease energy consumption. The occupant has 
become more aware of energy use.  

Table	5.7:	Summary	of	lifestyle	change	and	adaptation	in	relation	to	built	environment	in	CR	project	

On the other hand, similar to the ST project, the occupants of this project wanted slight 

variations in temperature between the different rooms. However, instead of resolving the 

issue through manipulations to the service system (such as adding heating devices), the CR 

occupant incorporated this temperature variation at the design stage and created an 

uncommon ‘upside-down’ living space. This may be considered an adaptation strategy in 

response to a house designed to require minimum heating prior to occupancy. In other 

words, this adaptation was made as part of the design rather than the occupancy stage. 

The interviews with the other three case studies followed the same analytical 

framework. To avoid repetition, a detailed analysis of each case study can be found in 

Appendix D. 
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5.1.3 Summary of group 1 case studies 

The following analysis is based on the all six case studies from the first group of case 

studies–, and connects them together to further revise core categories. 

In terms of the occupants’ ideology towards Passivhaus, the HI household shares a 

similar outlook to that of the CR occupants. HI occupant’s background as a science teacher 

and his concern about climate change influenced the design of the new house to include good 

energy performance. It is also evident that because of the particular knowledge and skills of 

the occupant, in this household, the predominant method for resolving discomfort, or to 

achieve comfort, is through technological devices and automatic machines, rather than 

through any behavioural adaptation. Similar to the DO project, the occupant of the HI 

Passivhaus displayed a growing knowledge of both the Passivhaus and sustainable lifestyle 

in general. This also enabled him to experiment with more technologies aimed at living a 

more sustainable lifestyle. Moreover, despite being a single-family house and a one-off 

project, the occupant of HI embraces and promotes the Passivhaus methodology and shares 

it with a wider community. By exhibiting their houses and speaking about their experiences, 

the exchange of knowledge has benefited communities of potential Passivhaus clients, 

architectural students and professionals. This knowledge sharing displays outcomes and 

effects very similar to those seen in the collective learning process in multi-family dwellings 

such as the DO project.  

In a very similar context to the ST household, fuel poverty was the biggest concern of 

the HA household when he decided to adopt a Passivhaus model. The new house was 

designed to provide a full spectrum of comfort with lower energy costs. However, different 

from the ST household, the occupant in this case represents a more active participant in 

terms of achieving a very individualized thermal sensation. The effort he made was no less 

than the more technically minded and ideology-driven occupants, such as in the HI and CR 

cases. The innovation of adopting the Passivhaus methodology in order to achieve energy 

efficiency was also a manifesto for the occupants to live a different lifestyle. The many 

aspects of comfort embedded in designing and using this Passivhaus became a normality of 

everyday life, where the idea of home has evolved in the home owner’s ideology, and the 

occupant himself has co-evolved with the new norms of living. 

In project FO, the concept of the house was derived from the fact that heating was 

costing more than food, and the completed Passivhaus has evidentially improved this 

situation. However, more importantly, the embedded concept of sustainable living of the 
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Passivhaus system has had a psychological impact on the occupant. This change suggests a 

greater benefit derived from the Passivhaus typology. Different from the ideology of the HI 

occupant, who was concerned about climate change, the ideology of the FO occupant was 

similar to that of the PL and ST occupants. Nonetheless, the interview with the FO occupants 

demonstrated a very similar lived experience to that of the HI occupant. Through active 

learning and self-exploration of the Passivhaus system, the FO occupant has achieved a 

better-than-predicted performance.	On the other hand, it has also been implied in this case 

study that similar to the social tenants of the DO project, the Passivhaus typology is also a 

learned concept for private commissioners. The learning process does not cease when the 

building is completed but rather continues into the post-occupancy stage. Depending largely 

on the availability of information and support, this post-occupancy learning can result in 

different outcomes. The	FO project is the first studied case to have addressed overheating 

issues in its layout planning. The design of the building enabled effective cross ventilation 

and to an extent helped to promote adaptive behaviours, such as opening windows, in 

resolving overheating issues. The improved thermal condition, the expectations of an even 

temperature and draught-free indoor environment, along with a set of finely tuned 

sustainable behaviours and new norms, now make up the occupant’s experience of 

Passivhaus living. In the interview, the occupant also suggested that because of this 

improved indoor environment, her sensitivity to temperature change has increased. She is 

now more aware of temperature variations and draught in a non-Passivhaus. This change is 

perceived as positive by the occupant. 

Based on the observation and analysis from the interviews, the projects were organised 

under the five topics in the interview in the following table. The projects were arranged into 

groups based on their answers to the interview questions that are central to the five themes.  
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Design and construction  

Passivhaus ideology 
Not sustainability-minded  DO, ST, HA, FO 
Sustainability-minded HI, CR, (PL) 

Home comfort 
Not all comfort aspects met expectation DO1,2,3, ST, HA                                     
All comfort aspects met expectation DO4, FO, HI, CR 

Knowledge, information 
and communication 

Not confident in control ST, (PL) 
Confident in control                   DO, FO, HA, HI, CR 

Adaptation 

No adaptations - 

Adaptations 
ST, (PL), DO, FO, HA, 
HI, CR 

Energy use in 
proportion to floor area 
and household size  

Table	5.8:	Grouping	of	case	studies	in	comparison	with	their	energy	use	

It can be observed that all of the households exhibited a certain level of adaptation 

during their occupancy. Also included in the comparison is a scale of energy use, from the 

lowest to the highest. Project ST has the highest energy use in proportion to its floor area and 

household size. It consumed twice as much as energy as the CR household. It can be 

observed from the table that the occupants of those households at the low end of energy 

consumption (CR, HI) tend to have similar characteristics, as follows: a) they were involved 

in the design, b) they are sustainability-minded, and c) they are confident in control of the 

Passivhaus. However, three households in the DO project (DO1, 2, 3), in which the 

occupants were neither involved in the design nor were they sustainability-minded, also had 

low energy consumption. In fact, their energy use was also proportionally lower than that of 

the PL project in the pilot study. This suggests that whilst design and construction, 

Passivhaus ideology and knowledge seem to have an important role in affecting each 

household’s energy use, there are other hidden factors that also need to be explored and 

considered.  
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5.2 Evolution of core categories 

With the above understanding of the case studies, the five themes that were derived 

from the pilot study have been modified to represent a higher level of conceptual categories. 

During this process, seven core categories emerged from the interviews. These categories 

reflect the central concepts of the experiential data captured in the interviews and constitute 

an overarching framework that links these concepts together. 

In the pilot study, the themes to have emerged from the interview were: a) Design and 

construction; b) Home comfort; c) Passivhaus ideology; d) Technology, information and 

communication; and e) Lifestyle change. The five themes also had uneven coverage in the 

interview (table 3.4). In analysing the first group of ten interviews, certain codes were 

insufficient for describing the growing aspects of some specific categories, so new categories 

emerged to accommodate the complexity of the lived experience. Other codes needed to be 

phrased differently to reflect a bigger conceptual range so that the concepts belonging to one 

category could be accommodated under a more abstract terminology. 

For instance, in the pilot study, the first theme established was ‘Design and 

construction’. This category has grown in importance in relation to the occupants’ lived 

experience, which varies depending on the design features of architectural form and the 

complexity of technical equipment. However, there was the realisation during the interview 

that the physical environment of the Passivhaus actually includes two different concepts – 

the Passivhaus typology and the individual Passivhaus project. In the interview with the HI 

occupant, Passivhaus was a typology for realising the aim of using less energy. For the HA 

household, the Passivhaus typology was his ideal vision of a maintenance-free home. For the 

CR occupants, the Passivhaus typology was only a small part of their sustainable lifestyle. 

Therefore, the Passivhaus itself contains two sets of meanings. The first is the Passivhaus 

typology which involves some specific design features associated with achieving the energy 

standard (such as minimum U-value, appropriate form factor, etc.). On the other hand, the 

design of an individual Passivhaus building – termed ‘prefiguration’ – can involve other 

design features that may either contribute to a more personalised comfortable and sustainable 

living environment or give rise to certain problems. A building may have a basic MVHR 

system backed up by a boiler (ST project) and it may also have an integrated system (CR 

project). Therefore, the original theme of ‘Design and construction’ is divided into two new 

categories: Passivhaus typology and Prefiguration. 
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Figure	5.9:	Evolution	of	category	‘Design	and	construction’	

Moreover, in the original ‘Passivhaus ideology’ category, it was observed that in the 

studied cases, the occupants’ original idea of a Passivhaus could change based on their lived 

experience. This process has hence reshaped their ideology towards Passivhaus buildings. 

Rather than grouping all of the occupants’ attitudes to Passivhaus into one category of 

‘Passivhaus ideology’, a further category is needed as a consequence that has emerged after 

their lived experience. Therefore, a new category, ‘Co-evolvement’, emerged as the last 

category. 

 

Figure	5.10:	Evolution	of	category	‘Passivhaus	ideology’	

In the original category ‘Technology, information and communication’, the term 

sufficiently summarised the data coded under it. However, it fails to capture an analytical view 

of the interaction between the occupants and the new technical systems contained within a 

Passivhaus. The term was hence transformed into ‘Technical support’ as a higher-level 

concept. Similarly, ‘Home comfort’ and ‘Lifestyle change and adaptation’ also lack the 

analytical ability to describe the comfort that the occupants receive as a result of their 

Passivhaus built environment and the comfort achieved by the occupants as a result of their 

interaction with the house. The titles for these two categories have been revised to reflect such 

activities. 

To summarise, the seven core categories (CAT1–CAT7) are as follows: 

CAT1: Passivhaus typology 

CAT2: Passivhaus ideology  

CAT3: Prefiguration  

CAT4: Technical support 

CAT5: Receiving comfort  

CAT6: Reconciling comfort  

CAT7: Co-evolvement 
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In the next group of case studies, the core categories will be explored further and will be 

applied to the narrative of one case study in order to test their applicability. The meaning of 

each category and its properties will be explained at the end of the next section. 

5.3 Group two: study of three projects 

Following the emergence of the seven core categories, this section of open coding 

presents one case study, the SA project from the second group of interviews, using the seven 

core categories as the structure of the demonstration. This group of case studies tested the 

applicability of the core categories and further explored each category in terms of its 

properties within the context of the individual cases. The cross-case examination at the end 

of this section further explores the categories and their properties. A complete presentation 

of each category and its properties will be presented at the end of this section. 

Project 
code 

Floor 
area Ownership 

Building 
type 

Construction 
type 

Bioclimatic 
region 

Image of the 
project 

TO 193 
Privately owned 
single family Detached Timber  TO 

 

SA 219 
Privately owned 
single family Detached Timber  SA  

LA 65/85 Cohousing 
Mid-
terrace Masonry  LA 

 

Table	5.9:	Overview	of	three	studied	cases	in	Group	2	

The SA project is representative in many ways. Firstly, from a Passivhaus ideology 

point of view, it is similar to the HI project in the first group of case studies. Both of the 

occupants have a background in science and technology. Because of this, the technical 

systems in their houses are designed to be highly automatic. They have added extra controls 

to suit their personal preferences. They also consider the Passivhaus, which represents state-

of-the-art technology, to be the right way forward. However, unlike the HI project, the SA 

household has much higher energy consumption (more than twice as much as the energy 

consumed in HI project). This contrast makes the study of the SA project more informative. 

The structure of the SA case analysis is presented under the subheadings of the seven 

core categories. 
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5.3.1 Case SA analysis  

Hidden from the main road, Passivhaus SA is in the suburbs of the city of Durham. The 

house is home to a retired couple who were largely involved in the design, building and 

testing of the house to the Passivhaus standard. The interview and site visit were carried out 

on a sunny Saturday morning in late April, and lasted for two hours. A second interview was 

conducted one year later via email. The household information is shown in the following 

table. 

Age 
group 

Occupation 
date 

Interview 
date 

Household 
size 

Floor 
area 

Participated 
in design 

Thermostat 
setting	

Annual 
Energy 
consumption	

60+ 10/2014 04/2015 2 219 Yes 18-20 2211 kWh /a 	

Table	5.10:	Household	information	of	case	SA	

Passivhaus typology 

For the occupants of SA, the Passivhaus typology was the best model available for 

achieving energy efficiency. When planning the house, the occupants considered other 

options such as ‘code 6 sustainable homes’ but decided on Passivhaus for the reason that it 

provides a relatively high degree of certainty regarding low energy consumption. At the 

same time, for the SA occupants, the Passivhaus system they adopted is a heavily modified 

version of the basic Passivhaus design. Instead of designing the envelope of the house with a 

view to achieving the best performance, the occupants intentionally included many windows 

on the north side of the building to provide a view. This greatly compromised the thermal 

performance of the building. To this household, it appears that comfort is more important 

than achieving a standard Passivhaus typology.  

Prefiguration  

The position of the building is 43.6 degrees to the south, and it is restricted by a sewage 

pipe running diagonally on the north side of the building. The building has two storeys with 

a generous floor area of 219 square metres. The house has a traditional timber-frame 

structure, though with a heavily glazed modern façade. It features a linear layout with all 

bedrooms situated on one side of the building. The living, dining and kitchen areas together 

make up an open-plan area. The house was built on a sloping plot with the main entrance 

located on the first floor leading to the living and dining spaces. The bedrooms are situated 

below in a half-basement level, with the façade facing northeast. The main elevation faces 

south-west, where a large glazed sliding door supplies the living room with a large amount 
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of solar gain, whereas on the rear façade facing a small area of woodland, a series of vertical 

strip windows were placed across the façade to converse with the landscape. 

This procedure of transferring home comfort has been realised by the occupants’ 

involvement in the design and construction. The shape, size and volume of the building has 

been designed to achieve what was termed ‘livability’. The building was designed to have a 

floor area of 219 sq. m. The sheer volume of the building means it stand outs against the 

surrounding countryside. A large number of windows have also been added to all façades of 

the building, to benefit from the view.  

[…] I saw plenty of pictures, didn't 
like much the idea of small north 
facing windows and large south-
facing windows. Cos all the garden to 
the north, the view to the north we 
want big windows, so that was 
basically challenging. 

 

 

Figure	5.10:	Image	of	SA	Passivhaus	north	elevation	

The plans of the house were optimised to represent a functional layout with single-sided 

rooms connecting to a corridor. The depth of the house was only six metres and sufficient 

lighting and cross ventilation were provided through windows on both sides. Similar to the 

CR and HA projects, the occupants deliberately arranged the house to have an ‘upside-down 

living’ in order to create a cooler bedroom environment. The temperature variation has been 

perceived to be positive by the occupants. The half-basement level that was designed for 

cooler bedrooms also benefits from the shading of the upper-level terrace.  

In addition to the standard MVHR system, the owner designed the house to have four 

panel wall heaters and a towel rail powered by a gas boiler as backup heating, alongside a 

PV system that collects solar energy to heat up a thermal store of hot water, which is also 

backed up by a gas boiler for use on cold winter days. Following careful consideration and 

calculation, an additional post heater was added to the MVHR specifically to provide control 

of the temperature in the coldest bedroom. 

Passivhaus Ideology 

In explaining the Passivhaus idea, the occupants suggested that they wanted to build an 

environmentally friendly house, and that they set out to ‘have a house that was as green as 
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we could afford to do it’. They viewed low-energy and environmentally friendly housing as 

the ‘right way forward’. 

It was all to do with, I thought it was the right way to go anyway to 
build a house like this. We said when we started that we wanted to have a 
house that was as green as we could afford to do it. […]  

Their reason for emphasising energy efficiency when building their new house was also 

strongly motivated by a desire to improve the thermal comfort of their home environment. 

The occupants had previously lived in a 400-year-old stone house with no insulation in the 

walls. The service system also appeared to be problematic and high maintenance from the 

occupants’ description.  

On the other hand, in designing the new Passivhaus, similar to the HI household, the 

familiarity and comfort established in their old house served as the basis for the new house. 

The layout of the new building was superimposed onto that of the occupants’ previous 

house. The home comfort embedded in their previous accommodation was transferred into 

the new. 

[…] so I sat in bed one night with a scrap of paper and I said how big is 
my kitchen in the old house, 16*10 so I wrote down. I kind of went around 
the houses we lived in, said how big was this how big was that, and what I 
did was I made a note of the sizes of the rooms. Then we sat down and 
spoke to the architects […] 

Technical support  

Largely because of the occupant’s professional background as a mechanical engineer, 

he was very keen on the technological and control aspect of this house. The system was 

designed with extensive use of automatic mechanical services for the purpose of 

convenience. The occupant monitors the indoor and outdoor temperatures. The learning 

process was partly embedded in the design and construction process. The image below 

shows the various control panels on the wall of the utility room. 
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[…] You don't do anything, that's the whole 
point, the idea is you just set it and forget it, 
as long as nothing goes wrong.  

    
Figure	5.11:	Control	panels	of	SA	project	

 
Receiving Comfort 

Similar to previous interviews, the evidence of comfort in this Passivhaus is directly 

reflected in the occupants’ choice of attire and bedding arrangement in the house. In contrast 

to the house they visited, the occupants said they ‘don’t even think of putting on a jumper, 

always just put t-shirts on’. In addition, as has quite often been mentioned in previous 

interviews, the ease of domestic work such as ‘laundry dries quickly’ and ‘low maintenance 

of the system’ were cited as examples of the increase in home comfort level. At the same 

time, the occupants identified some discomforts and problems, such as an overheating issue. 

These were resolved as part of the process of ‘reconciling comfort’. Hence, as can be seen in 

the comfort value diagram below, the occupants consider the comfort in all aspects to be 

satisfactory. 

 

Figure	5.12:	Comfort	value	diagram	of	SA	project	
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Reconciling Comfort 

In building the Passivhaus, the occupants actively researched both this and other 

sustainable building methodologies. The occupants also visited a built Passivhaus upon 

finishing their own house. They recounted that when they visited another Passivhaus, in 

which the internal temperature was maintained at around 17 to 18 degrees centigrade, this 

image of ‘needing to wear jumpers in a Passivhaus’ almost convinced them to give up the 

Passivhaus model.  

[…] The deviation [in the visited house] was quite high,[…]22 in the 
living room and 16 in the kitchen. […] And I kind of thought that was the 
sort of image maybe, that a Passivhaus has, is that actually yes you can live 
in it and it's beautifully insulated but because there's no heating as such, that 
you live your life in a jumper. Basically live your life in a jumper, that was 
not how I thought, and I think that's kind of the image that PH had. 

In responding to this issue, their own Passivhaus was designed to take advantage of 

technical advances for an absolute assurance of desirable indoor temperature and convenient 

control. On the other hand, as the occupant suggested, the house had ‘no system to get rid of 

heat’, so the temperature control has been carefully set up to prevent overheating, with the 

vision that the post heater can be modified and turned into an air-conditioning unit in the 

near future. In comparison with the economic and ecological side of energy use, thermal 

comfort and convenience appeared to be more important to these occupants. When asked if 

they would turn the MVHR off when going on holiday, the occupants suggested that the 

question was to dwell on issues over a ‘such small cost’.  

They [the occupants of the other Passivhaus SA occupants visited] 
switch everything off when go on holiday, they said took about 4 or 5 days 
to get warm. We kind of thought, why would you bother. We just left it 
[…] you are talking about such a small level of cost. […]  

The adaptations made by the occupants are summarised in the following table. 

Discomfort 
/Problems 

Adaptive process Built environment 

Overheating Canopies over south-
facing windows 

 



 

 150 

The first-floor balcony shields the sun from 
the ground-floor windows. The occupants 
also added canopies over the first-floor 
windows to control overheating. 
 

Desire to control 
individual room 
temperature  

Inverted layout to create 
cooler bedroom in 
design. 
Post heater on the 
MVHR system to be 
controlled by a 
thermostat in the main 
bedroom. 
Wood burner in the 
living room for extra 
warmth. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The MVHR unit and thermal tank are located 
at the left end of the house. This creates a 
long travel distance for the ventilation ducts 
and water pipes. The occupants insulated the 
pipes and ducts to prevent excessive heat loss 
via the transfer as well as to prevent 
overheating generated by the ducts. 
 

Timber flooring 
not properly 
sound-insulated 

No adaptations observed The occupants suggested that they considered 
changing the timber floor to carpeting, but 
having carpet on the first floor with its huge 
glazing area might result in very high 
temperature.  

Table	5.11:	Summary	of	lifestyle	change	and	adaptation	in	relation	to	built	environment	in	SA	project	

Co-evolvement 

This case has an interesting parallel comparison with the TO project. Similar to the TO 

occupant, the occupants of this project chose the Passivhaus model based on their concern 

for the environment, but they ended up compromising on this concern when considering a 

more practical ‘livability’. Their perceived comfort has also been shaped by both their 

established idea of comfort and the design of the house. The technical advances designed 

into their home also suggest that the ideas of convenience and automatic control take a 

dominant position in their idea of home comfort.  

However, the occupants of this project have shown signs of changed lifestyles similar 

to those observed in most of the previous projects. Because of the PV panel installed in the 
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system, they began trying to cook and do their washing during the day ‘more than they used 

to do it’. The main reason for this was to avoid ‘paying for the electricity we’ve been using’. 

In the second interview, the occupant outlined a plan to build another Passivhaus. The 

conversation further illustrated his understanding of the Passivhaus system after two years of 

occupancy: 

[…]We will be using a Paul Novus 300 MVHR as per [SA project] but 
the post heater will only be in the ducting to the living areas not the 
bedrooms. The bedrooms need only passive heat. There is no requirement 
for the radiators with this setup but we will still have heated towel rails in 
the bathrooms. […] I'm also installing a preheater/cooler in the intake of the 
MVHR fed from 200m of pipe under the ground floor insulation i.e. at 
ground temperature of around 10 degree.  

The occupant’s lived experience provides a feedback loop for his future Passivhaus 

design and construction. The new design integrates even more technically advanced devices 

and other types of sustainable measures for both a performance- and comfort- oriented 

design. 
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5.3.2 Summary of group 2 case studies 

Under the newly revised categories, the SA case study exhibits a clearer linear 

narrative, and describse the lived experience as a process. For the SA occupants especially, 

the knowledge and experience gained from living in the SA Passivhaus became the basis for 

an improved Passivhaus.  

Quite contrary to the SA project, the occupant in the TO project began building his 

Passivhaus motivated by a great passion for benefiting the environment, and he took into 

consideration the change of daily routines with regard to the weather conditions. This 

positive perception of habit change shifted into a negative one with the progression of the 

construction and during the post-occupancy stage. Compared with the DO project, which has 

a similar service system installed, the TO occupant does not exhibit an active change of habit 

as has been observed in the DO project. Instead, an electric immersion heater has been 

configured into the system.  

From this point of view, this case confirms the evolution of the Passivhaus ideology as 

a result of the design, construction and post-occupancy process. The ecological value 

embedded in a Passivhaus can both be strengthened and weakened following a change of 

ideology. It has also revealed the importance of different aspects of comfort to each 

household when making compromises in a Passivhaus. Furthermore, the reconfiguration 

made in this household, and the occupant’s change of attitude towards Passivhaus 

demonstrates the learning curve experienced during the first stage of post occupancy during 

which the crucial process of reconciling comfort takes place. The result of such a process 

could potentially mean a more energy-intensive practice that to some extent renders the 

concept of sustainable living in Passivhaus obsolete.   

The other project, LA, in this group of case studies, is also unique. The LA project is 

located in Lancaster, overlooking the River Lune. The project is unique in many ways, but 

the feature that makes it stand out is the ideology behind it. It is a cohousing4 project with 

houses built to both the Passivhaus and code 6 sustainable homes standards. The project was 

started by a small group of people in 2006 and now accommodates 41 households in total. 

                                                        
4 Cohousing is a housing development that balances the advantages of home ownership with the benefits of 
shared common facilities and connections with your neighbours. These co-operative neighbourhoods are 
designed to encourage both social contact and individual space and are organised, planned and managed by the 
residents themselves. 
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Largely due to its novelty concept of ‘cohousing’ as a new way of sustainable living, this 

project has attracted much attention from both the media and research scholars.  

The houses were built as several rows of terraced housing, with the majority facing 

south. The two interviewed households both occupy a mid-terrace house. The LA1 occupant 

owns a two-bedroom house, and the LA2 occupant owns a three-bedroom house. The design 

of the houses uses modular techniques. The two households share a similar layout and 

elevation. The ground floor includes an open-plan kitchen and living/dining room. The first 

floor includes two or three bedrooms.  

The two occupants interviewed do not belong to the initial group of cohousing, hence 

they had no involvement in the design and construction process. They purchased the 

completed houses in 2012 and 2014 respectively. Living in two very similar flats, the two 

households demonstrated very different experiences regarding thermal environment, air 

quality, and layout, among other comfort measurements. Specifically, LA1 occupant showed 

much more satisfaction when evaluating the comfort of the house and confidence in 

controlling indoor environment. The same occupant also made a large number of adaptations 

to the sustainable lifestyle. Besides the difference in occupancy length, the two households 

represented two sets of ideologies. LA1 occupant embraced a complete change in lifestyle, 

whereas LA2 occupant had reservations about adaptation. The discrepancies in this case 

study has to an extent confirmed the importance of Passivhaus ideology in affecting the 

overall received comfort and the adaptations practiced to reconcile comfort. 

The second group of case studies confirmed the validity of the established seven core 

categories and provided more information in exploring the categories and their properties. A 

detailed explanation of the core categories and their properties is presented in the next 

section. 
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5.4 Exploring categories and properties 

With the comparison between the studied nine projects, the categories have been further 

explored in terms of their properties. It can be concluded that each category contains not 

only one-dimensional information, but that all categories contain a combination of a few 

properties. The dissection of each category helps the analysis to look further into the hidden 

factors that contribute to the occupants’ lived experience and energy use.  

CAT1: Passivhaus typology 

Properties Passivhaus concept 

 Passivhaus system 

The first category is unquestionably the Passivhaus itself, both as a concept of 

sustainable architecture and a physical entity made up of a special set of elements 

representing a specific set of standards. The Passivhaus typology has, since its formation, 

been regarded as a performance standard. However, the Passivhaus concept as part of a 

move towards sustainable construction, which has a growing influence on the building 

industry, embodies a wider range of meanings. In other words, the energy-efficiency features 

of a Passivhaus cannot be discussed separately from other concepts of sustainability. The 

Passivhaus system cannot be promoted purely on its features of energy efficiency without 

considering the holistic picture of sustainability that the Passivhaus typology could 

influence. For this reason, the Passivhaus typology is discussed in terms of its two properties 

– the Passivhaus concept and the Passivhaus system.  

Passivhaus concept 

In the interviews, Passivhaus typology was considered by many occupants as ‘the way 

forward’. On the one hand, it does not require a large number of technological devices that 

come with a high cost and complicated controls. On the other hand, it also does not require 

the occupants to radically alter their lifestyles. This type of sustainable architecture preserves 

the standard of comfort that has developed in modern society and which is established in the 

lifestyles of a majority of people living in developed nations. At the same time, it provides 

sustainable measures that go some way to minimising the environmental damage associated 

with the building industry. Hence, it is important to note that comfort in this type of 

sustainable architecture always holds a dominant position, sitting above anything else. In 

emphasising energy consumption and the performance gap, it is important to address such 

issues in the context of Passivhaus comfort. Rather than simply stressing the performance 
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standard of Passivhaus, the very concept of the built Passivhaus is dependent upon an 

understanding of Passivhaus comfort in relation to sustainability.  

Passivhaus system 

Meanwhile, a more practical view of the Passivhaus is the actual Passivhaus system 

itself. In order to achieve a Passivhaus standard, the system requires an extremely airtight 

envelope and a highly efficient mechanical ventilation system. The difficulties associated 

with achieving such a standard and the new technologies involved in the Passivhaus system 

have resulted in a number of issues for both designers/self-builders and the buildings’ users. 

The design decisions made in relation to using the system continue to have an impact in the 

post-occupancy stage. Different from the Passivhaus concept, the physical composition of 

the Passivhaus system represents the immediate environment facing the occupants on a daily 

basis. It is more a physical representation of the Passivhaus concept. The specific buildings 

within this system differ from project to project; however, both the basic composition of the 

system itself and the standard it represents do not change. 

CAT2: Passivhaus ideology 

Properties Previous experience 

 Why Passivhaus? 

The second category introduces the ideology of Passivhaus occupants. It includes the 

occupants’ previous experience and their reasons for choosing a Passivhaus. These two 

concepts are closely connected in many ways. During the interviews, the Passivhaus was 

described by the interviewees as ‘being more comfortable’. In further elaborating on this 

statement, the interviewees quite naturally referred to their previous dwellings regardless of 

whether or not a question specifically asked them to. In comparing their previous experience 

with that in their new house, they formed an evaluation of comfort. Moreover, this previous 

experience also contributed to their reason(s) for choosing to live in a Passivhaus. Hence, the 

two properties together reflect the ideologies of the Passivhaus occupants.  

Previous experience 

As observed from the interviews, the occupants’ previous experience and to a great 

extent their idea of the ‘home comfort’ they feel is provided by the Passivhaus provide a 

systematic approach to achieving it. The occupants’ attitudes to and expectations of the 

Passivhaus were also formed in association with this experience. The comparison between 



 

 156 

the old and the new essentially comprised a mental process of connecting the old, familiar 

idea of ‘home’ to the new house. The accommodation they used to live in, and the lifestyle 

they are accustomed to, served as the basis for their evaluation of the new house. In 

mentioning this previous experience, the physical properties of their previous homes, such as 

the thermal comfort, air quality and the size of the rooms or interior fittings, were not 

mentioned in their own right but rather in relation to the context of their daily domestic lives: 

how they dressed, their habits/routines and what it meant to them financially in relation to 

the physical properties of the house. The particular lifestyle previously formed in association 

with this prior experience was the basis of the individual occupants’ ideas of home comfort. 

Because of this comfort regime established in their old way of living, the new houses in 

which the occupants now live were evaluated against a set of pre-established comfort values. 

These typically included improvements to various issues of comfort that they found 

unsatisfactory in their old houses, together with the ideas and visions of new aspects of 

comfort that they hoped to achieve.  

On the other hand, their previous experience and established comfort regimes also 

meant that the occupants needed to compromise and negotiate in order to establish a new set 

of comfort values. For example, for the occupants living in the forest in a house built from 

solid stone, privacy was rated highly among other strands of home comfort. Likewise, for the 

occupants who had completely renovated their old house during their 20 years of occupancy, 

the layout, furnishings and interior fittings were all high priorities for their home 

environment. These established elements of comfort seemingly bear no relation to the 

Passivhaus concept with its strong emphasis on thermal comfort, yet do have everything to 

do with the concept of the Passivhaus as a home. Meanwhile, despite the physical 

discomfort most occupants encountered in their previous houses, there were some aspects of 

thermal comfort in their old houses that they took forward into their new Passivhaus. One 

obvious example in the interview was the preference for slight variations in temperature 

between different rooms. This preference for temperature variation was recognised by Lisa 

Heschong, and she discusses it extensively in her work ‘Thermal Delight in Architecture’ 

(Heschong, 1979), among other research publications. The phenomena is constructed 

through a combination of social, cultural, historical and physical conditions. To elaborate, 

the different usages of and activities taking place in different rooms require corresponding 

subtle changes in temperature. The kitchen, by its very nature, tends to be a warmer space 

due to the heat generated by cooking, whereas an old-fashioned larder (or storage/utility) 

would always be kept cooler to prevent food going off. The occupants prefer the temperature 

in the lounge, where the main activities are typically conducted while sitting, to be one or 
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two degrees higher than in the bedroom. In a more contemporary context, it is evident that 

the habit of having the central heating switched off at night and being ‘wrapped in a thick 

duvet’ has impacted on the idea of home comfort to the extent that it drives some occupants 

to seek a slightly cooler bedroom. 

Why Passivhaus? 

In the interview conversation, the question of ‘why Passivhaus?’ was discussed with 

each individual occupant. The discussions revealed that each Passivhaus project is 

characterised by a layered Passivhaus ideology system. Each layer reflects a perspective of 

the Passivhaus concept as perceived by each individual household. Depending on each 

household, the occupants’ view on whether to build a Passivhaus as a way of balancing 

comfort and fuel cost, or whether to take a moral stand on the issue of climate change and 

seek a right way forward, is reflected differently. These discussions also included 

contingencies in which the occupants unintentionally inhabited a Passivhaus. A detailed 

discussion of this property will be presented in a later section.  

CAT3: Prefiguration 

Properties Architectural properties 

 Technical systems 

Different from the Passivhaus system mentioned in the first category of Passivhaus 

typology, this category addresses both the actual design and delivery of a Passivhaus system 

and the various strategies employed in each project to achieve the Passivhaus standard. It 

includes the design and construction of architectural properties as well as technical systems. 

The term ‘prefiguration’ signifies the complexity and variety in each project built to the 

same Passivhaus standard. 

Architectural properties 

The Passivhaus standard does not specify the technical details of an architectural 

design. However, in order to achieve the designated performance standard, designers are 

advised to use a calculation tool, the Passivhaus Planning Package (PHPP), to ensure that 

their design satisfies the energy specification. In addition, there is another design guide, 

issued by the Building Research Establishment (BRE). This guide outlines various design 

parameters that greatly affect a building’s performance, as follows: orientation, form factor, 

insulation, airtightness and glazing. These design factors have been documented and 
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discussed as part of the preliminary analysis in Chapter 4. A more detailed discussion will be 

presented in Chapter 6. 

Technical systems 

Similarly, the technical system is also subject to strict calculations. Because of the 

airtight construction, a highly efficient mechanical ventilation system becomes essential in 

every Passivhaus project. In the same Passivhaus design guide, a mechanical ventilation and 

heat recovery (MVHR) system is currently regarded as ‘the only way to recover ventilation 

heat losses and provide consistently good air quality in a sufficiently energy-efficient 

manner[…]’ (McLeod et al). The required efficiency specification of the unit is set by the 

Passivhaus Institute to be no less than 75%. In this study, all of the MVHR units installed 

have an efficiency above 90%. As was noted in the case studies, besides the essential MVHR 

system, other technical equipment can also be installed by individuals providing that the 

overall performance of Passivhaus system is not compromised.  

For those occupants who commissioned their own houses, the ability to participate in 

the design and construction phases gave them a chance to create a building tailored to their 

specific purpose. They were able to live ‘virtually’ in the new house throughout the whole 

project. However, for the tenants or purchasers of a Passivhaus, it was not possible to design 

a tailor-made house and/or achieve an individualised or bespoke standard of comfort through 

the design. For these occupants, comfort was achieved through reconfiguring the 

architectural language and technical systems or by adapting themselves to fit the system. 

However, prefiguration is just as relevant to those occupants as it is to self-builders. The 

prefiguration of an architectural space and technical system requires more attention to 

support any reconfiguration for the prospective tenants/buyers to achieve individualised 

comfort.  

CAT4: Technical support 

Properties Communication, maintenance and support  

 Collective learning and community 

Every case study demonstrated that Passivhaus is a concept that is learned. The 

occupants’ understanding and control of the Passivhaus system grew once they had moved 

into the house. There was a Passivhaus learning curve for every household, whether this 

developed through their own self-initiated research or through knowledge transferred from 

housing specialists, designers and housing associations. In all cases, however, learning 
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formed a big part of the conversations with the occupants. The ‘technical support’ category 

includes the knowledge, information and support the occupants received or needed in their 

lived experience. This category is weighted more towards the conversations with the 

tenants/buyers of Passivhaus than with the occupants that participated in design. However, 

the effectiveness of this knowledge transfer for both of the household types is largely 

decided by the two properties below. 

Communication, maintenance and support  

Knowledge relating to the Passivhaus was developed in different stages for the two 

different types of households. For the self-builders, information was learned during both the 

pre- and post-occupancy stages and through the construction of the Passivhaus. For the 

tenants/buyers, however, information was communicated during the handover and post-

occupancy stages. However, the information was transferred through a number of similar 

media and channels. These included Passivhaus design and guide books, Passivhaus 

professionals/housing associations and other Passivhaus users. The learning process was 

more important during the post-occupancy stage as were the maintenance and support 

available to the users. 

Collective learning and community  

For multi-family dwellings especially, learning took place as a community. This 

collective learning process was observed in the case studies and reinforced the effectiveness 

of knowledge transfer. There was also collective learning for the single-family dwellings, 

with more and more users resorting to online forums and communities living a sustainable 

lifestyle in search of advice and help. This collective learning further motivates better control 

behaviour. 

CAT5: Receiving comfort 

Properties Evidence of comfort 

 Discomfort/Prioritised comfort 

The evaluation of home comfort, and quite naturally of the thermal environment, 

among other aspects of physical comfort, was one of the main areas of focus of the 

interviews. Physical comfort was not, however, mentioned on its own; rather it was often 

noted in association with social aspects of lifestyle, such as the occupants’ choice of attire at 

home, the ease with which they were able to keep the house clean and serviced, how private 
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they felt at home, etc. These elements of comfort are all to some extent aspects of the 

occupants’ daily lives. Hence, in mentioning physical comfort, it is important to make clear 

the link to social aspects of comfort that are experienced in a Passivhaus. Meanwhile, the 

interview also examined the notion of discomfort and the downsides of these particular 

Passivhaus projects. The three properties together form the category of receiving comfort.  

Evidence of comfort 

The different perceptions towards physical comfort and the different standard each 

individual household tried to keep confirmed the relation of ‘physical comfort’ to human 

perception. Physical comfort in the context of this thesis includes temperature, humidity, air 

quality, lighting and sound. All of the occupants expressed satisfaction with the thermal 

environment of the house, although they based their evaluation on a variety of room 

temperatures. Different temperature settings were used in almost every project. The lowest 

temperature setting of 17 degrees was observed in Project PL, with the highest temperature 

setting of 23 degrees in Project HI. Temperatures throughout the rooms were perceived as 

being ‘even’, though with individualised comparisons. Temperature was termed ‘more even’, 

‘slightly even’, and/or ‘fairly even’. Furthermore, half of the occupants seemed completely 

happy with the ‘evenness’ of temperature while the other half endeavoured to achieve a 

slight variation of temperature across different rooms.  

Comfort was extensively discussed in a broad sense in response to the questions of 

‘what do you think of the Passivhaus?’ or ‘what have you experienced living here?’ The 

definition of comfort was not restricted to physical means, but rather lay in many 

recognisable social aspects. These aspects of comfort strongly indicated that physical 

comfort in a home environment acts only as an ingredient of socially practised comfort. 

Many of those elements were agreed upon and appraised by the occupants. 

For example, the Passivhaus enables the household to maintain a relatively higher 

temperature which directly contributed to their change in attire when in the house. This 

change was mentioned in the interview not only as evidence of a warmer environment but as 

a new norm that denotes a more ‘sociable lifestyle’ and comfortable home environment that 

overrides the image of woolly jumpers and a roaring fire. ‘Laundry dries quickly’ was the 

second most mentioned comfort improvement. Similarly, ‘ease of housekeeping’, ‘less 

dusty, no condensation’ were also widely mentioned. This observable evidence is directly or 

indirectly the result of the airtightness and low humidity level of the Passivhaus, although 

dry air as a physically present factor was only mentioned on one occasion by all of the 
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interviewees. Privacy, together with a sense of safety, was perceived by some households 

(SL, HI, CR, DO3) to be the result of the inclusion of triple-glazed windows. On the other 

hand, the specific requirements and calculations related to the positioning and area of glazing 

served to compromise privacy for one household (ST) and the view for another (SA). Their 

dissatisfaction had very little to do with the design intention of Passivhaus windows, which 

is to optimise solar gain for physical comfort.  

Discomfort/Prioritised comfort 

A list of discomfort elements was documented for each case study. These discomforts 

resulted partly from the act of moving house (e.g. moving from a city to the countryside), 

partly from the design and construction of individual projects and partly from the new 

Passivhaus typology. They included risk of overheating, a lack of individual room 

temperature control, constraints on interior decorations, barriers in implementing new 

control systems, compromised privacy (by big south-facing windows),etc. Each household 

encountered some areas of discomfort during the post-occupancy period and made efforts to 

resolve them in order to reconcile comfort. A detailed analysis of discomfort and adaptation 

in relation to the built environment will be presented in chapter 7. 

CAT6: Reconciling comfort 

Properties Reconfiguration/ Adaptation 

 ‘Routine of knowing’ 

This category directly emerges from the set of discomforts experienced by the 

occupants. In a new environment, learning to attain comfort through daily practice is an 

unavoidable part of Passivhaus living. Throughout the conversations with the occupants, two 

main strategies were evident as part of reconciling comfort: 

Reconfiguration/ Adaptation 

Closely related to ‘Prefiguration’, the action of reconfiguration denotes adjustment to 

architectural properties and technical systems during post occupancy to resolve discomfort-

causing issues. The action of reconfiguration is important for the occupants in two senses: 

firstly, as stated by Attfield (Attfield, 1999 p.82), personalisation or moderate adaptations 

made by the occupants in order to ‘construct and reconstruct their surroundings to fit in with 

their changing lifestyles’ constitutes an expression of character and an effort to emphasise 

‘home’ rather than ‘housing’. This perspective was reinforced by Shove, who stated that 
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‘[…] homes are key sites of identity and self-expression’, and the style of design is important 

for ‘how it relates to valued cultural standards and orientations like those of respectability’ 

(Shove 2007 p.24). Secondly, relating more specifically to Passivhaus buildings, the change 

of indoor environment means that established domestic activities in relation to the traditional 

layout of the house might also undergo transformation. For example, an inverted layout was 

adopted by three sets of occupants in this study in order to distribute heat more efficiently 

throughout the house. This type of reconfiguration carried out by the occupants is thus 

reflective of such a transformation.  

In order to achieve comfort, the occupants adopted certain behaviours and made 

changes to their habits as an adaptation and response to their changed environment. For the 

self-builders, the design and construction process prepared them for future adaptation and 

they were in control from the outset. For the tenants and buyers, the requirement for 

adaptation was greater. This depended on the complexity and integration of the service 

system in each house and as such, the level of need for adaptation varied. The result of 

successful adaptation leads to a set of ‘routine of knowing’.  

‘Routine of knowing’ 

This term is an in-vivo code5 from an early interview with a DO1 occupant. ‘Routine of 

knowing’ includes behavioural adjustment as part of a daily routine in order to regain a sense 

of control with a new housing system and to achieve comfort. It also implies the formation of 

a lifestyle.  

CAT7: Co-evolvement 

Properties Evolved meaning of Passivhaus 

 New norms of sustainable living 

Taken from Biology, the term ‘co-evolution’ in this research relates to the occupants 

evolving together within the Passivhaus environment. Not only does it demonstrate a set of 

adaptations and adjustments made by occupants in a bid to become more sustainability-

oriented, it also shows the outcomes of such adjustments made to the Passivhaus that 

achieved a better energy performance than the best performance predicted by the PHPP.  

                                                        
5 In-vivo code is a term from grounded theory methodology. It refers to the words or terms used by the 
interviewees being so remarkable that they should be adopted as codes. 
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Evolved meaning of Passivhaus 

Closely related to the first category of ‘Passivhaus ideology’, the evolved meaning of 

Passivhaus is an exploration of the Passivhaus ideology and how it changes during 

occupation. For example, looking back at the pilot study, the occupant questioned the 

feasibility of the Passivhaus after experiencing a lack of solar gain in Scotland. He indicated 

that its dependence on solar gain was preventing the Passivhaus typology from being widely 

adopted both in Scotland and also in similar climatic regions. The expenses incurred during 

construction also convinced the occupant that ‘it’s not cheap to go green’, which, in turn, 

served to amplify their scepticism regarding the efficiency of the Passivhaus. In this case, 

the occupants developed a less positive opinion of the typology, feeling that their energy 

bills were higher than they had expected. 

The evolvement of the Passivhaus ideology was further reflected in the second 

interview with five of the studied households. In the second round of interviews, one of the 

questions asked was ‘Would you do anything differently if you were to build/inhabit another 

Passivhaus?’ In answering this question, the occupants exhibited an improved understanding 

of the Passivhaus concept as well as of the Passivhaus system. For instance, in the 

conversation with the SA occupant, who at the time was planning to build another 

Passivhaus, an insight into this evolvement can be observed: the occupants feel confident to 

replace four wall-panel radiators with only a post heater for the living area, with no backup 

heating system in the bedroom area (to keep it cooler). He also executed his idea of cooling 

solutions through utilisation of a ground source. In the second interview with the TO and HI 

occupants, it was stated that both households were using or planning to use the electricity 

generated from their PV panels to power an electric car.  

New norms of sustainable living 

Together with the evolution of the Passivhaus concept, the occupants exhibited certain 

behavioural and lifestyle changes in this research. A main reason for this change was a 

feedback response to their altered indoor environment. The changes included adjustments to 

indoor clothing and bedding. It was suggested in the case studies that a thermally 

comfortable environment seemed to have encouraged social activities. Furthermore, another 

part of the occupants’ change in behaviour derived from the desire to either achieve more 

comfort or to resolve discomfort. This change was further shaped by the transformation or 

evolvement of the Passivhaus ideology on the part of each individual household. On 
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different levels, the altered habits and lifestyles have become a tailored mechanism aimed at 

adapting to the Passivhaus system. 	

5.5 Group three: the final case  

The physical characteristics of the last case study to a great extent mirror those of the 

first project – case DO. In presenting this case, the detailed properties of each core category 

are woven into the narrative of this project to demonstrate the validity of the established core 

categories and their properties and connections. It also demonstrates the applicability of the 

developed categories in narrating and describing the case study. The summary of this section 

draws attention to the connections between each category for the next stage of data analysis 

– axial and selective coding. 

Project 
code 

Floor 
area Ownership 

Building 
type 

Construction 
type 

Bioclimatic 
region 

 

SL 74/80 
Social rental 
multi-family 

Semi-
detached 
flat Timber  SL  

Table	5.12:	Overview	of	SL	project	

5.5.1 Case SL analysis 

Case SL was the last project to be surveyed as part of this research. The houses were 

completed in June 2015 and have only been occupied for approximately three months over 

the summer. The occupants had not received any energy bills by the time of the interview, 

and they did not know what to expect in the winter. The interview captured the first stage of 

the living experience for the Passivhaus social tenants. As has been reflected in the 

questionnaire survey, the two households interviewed were indeed in many aspects different 

from each other in terms of their age group, previous experience, professional background, 

knowledge of Passivhaus, priorities for comfort, etc. However, the interview revealed a 

predominant similarity of their lived experiences which counteracted these differences and 

confirmed the importance of a ‘routine of knowing’ in relation to comfort. The consistencies 

and variations between the two households in the same property made the case study 

informative and invaluable to this research. The household information can be found in the 

following table: 
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Household 
Age 
group 

Occupation 
date 

Interview 
date 

Household 
size 

Floor 
area 

Participated 
in design 

Thermostat 
setting 

Annual 
Energy 
consumption 

SL1 60+ 07/2015 10/2015 2 80 No Don’t know 4051kWh/a 
SL2 18-60 07/2015 10/2015 2 86 No Don’t know Not available 

Table	5.13:	Household	information	of	SL	project	

CA1: Passivhaus typology  

Passivhaus concept  

Both households in this project regard the Passivhaus as a new type of housing. SL1 is 

home to an elderly couple in their eighties. For them, the concept of the Passivhaus has no 

additional meaning other than of being a different type of house with difficult technical 

systems. As a starting point for experiencing the house, the differences presented by the 

Passivhaus system became pure obstacles to achieving comfort in their daily lives. For the 

SL2 occupants, they consider their lived experience in a Passivhaus to be an experiment. 

However, in their understanding, the Passivhaus represents a particular style of building that 

they described as ‘high tech’ and wished that the same concept could be applied to an ‘eco 

cottage’ style of building. The concept of the Passivhaus to the SL2 occupants involves 

more than a pure performance standard. 

Passivhaus system 

The uniqueness of the Passivhaus system plays an important role in this project. Due to 

its required level of airtightness, mechanical ventilation is essential for Passivhaus buildings. 

An MVHR system is therefore installed and commissioned6 in every project to ensure that 

the required level of ventilation is always met, with no need for natural ventilation. Opening 

windows is believed to have a negative effect on a balanced ventilation and heating system. 

In this particular case, to avoid this negative effect, the housing association advised the 

occupants not to open the windows. This led to more confusion and negative effects on the 

occupants’ lived experience. 

CA2: Passivhaus ideology  

Why Passivhaus? 

Like most of the occupants in the social rental sector, the SL1 occupants’ reason for 

living in a Passivhaus was not primarily its passive and energy-saving features. Their 

priority was to live near their daughter, and even though they initially mistook the new 

                                                        
6 MVHR commissioning involves adjusting the fan speed in line with the air valves to ensure the air 
flow is as good as possible.  
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building to be a semi-detached house as opposed to a flat, they still made the decision to 

apply for and move to this Passivhaus.  

On the other hand, the SL2 occupants intentionally chose to live in a Passivhaus from a 

professional point of view. Their profession relates to home autonomics and energy 

efficiency. Therefore, for them, living in a Passivhaus constitutes a research project through 

which to experiment with the built environment of this housing typology. 

Previous experience  

In the conversation, the SL1 occupants repeatedly stated that they liked the house in 

terms of its thermal comfort, although their evaluations in relation to other aspects were 

more negative than positive. This was particularly apparent when they talked about their 

previous home of twenty years, when they showed an obvious nostalgia for their old way of 

living.  

SL1: […] I rebuilt the house [old house] in twenty years. Put everything 
in. New kitchen and everything in, completely changed the whole house 
[…] Was lovely wasn't it? I do miss my house. Big garden you can put 6 
cars in. I miss my house, definitely… 

Similarly, in comparison with their old house, the SL2 occupants appreciated the 

thermal comfort much more and expected a much lower energy bill. Although they missed 

the aesthetics of their old cottage, the energy used to heat the house was described as ‘a 

constant nightmare’. They used to spend £2,500 per year on fuel and the house would still 

feel cold and damp. This type of contrast with the occupants’ previous experience partly 

contributed to their evaluations of the comfort in their current homes. 

CA3: Prefiguration  

Architectural properties  

The SL project is located in Scotland and is a newly developed social housing project. 

It occupies a site in a suburban area and sits amidst a cluster of semi-detached houses. The 

project includes four flats in two semi-detached houses, built to reflect the appearance of the 

local housing. The two households interviewed both reside in the same semi-detached house. 

The SL2 occupants live one floor above the SL1 occupants. The two flats have very similar 

layouts, with the only difference being the position of the respective entrances. Both two-

bedroom flats have north-east-facing doorways and bedrooms and south-west-facing living 

spaces. There are two separate gardens to the rear of the house. The SL project features a 

‘reversed plan’, where the living room is tucked away from the main road, facing the 
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southwest side, with a garden view and trees, whereas the bedrooms face north onto the 

driveway and car park. 

Technical systems 

The technical system adopted in this project includes a Genvex MVHR system with 

post heater, an electric fire and a set of PV panels on the roof. Different to the Paul Novus 

MVHR system, the Genvex MVHR has a thermostat built into the control panel, meaning 

there are no other controls visible in the flat. This feature caused confusion among the 

occupants, especially for the SL1 occupants. 

CA4: Technical support  

Communication, maintenance and support 

For both occupants, the information necessary to enable them to control the indoor 

environment was not effectively delivered. There were many unsolved mysteries in relation 

to controlling the service system. They had no knowledge of how to control the temperature 

or read the smart meter. They wanted to know the usage of electricity generated by their PV 

panel and they were both confused by the function of a switch in the utility cupboard. Even 

though the system had been extensively explored by the SL2 occupants, there were still quite 

a few uncertainties. The conversation with both households revealed that the main problem 

was not what and how much information was given, but the way in which the information 

was communicated. A demonstration session had been given by the housing association with 

all tenants just prior to them moving in, but the interviewees in this research suggested that 

they didn’t ‘take it in’, for the demonstration showed only a one-sided picture of using the 

control and did not try to explain the principle of the Passivhaus. Both households felt they 

needed to understand the basic logic of the Passivhaus, which they felt would greatly help 

them use the controls. Moreover, the tenants were also presented with a very large user 

manual afterwards. However, none of them considered the information in the manual to be 

effective. The SL2 occupant suggested that the manual had been translated directly from 

German, with some obvious errors, which made the instructions very difficult to follow. The 

form and intensity and user-friendliness of the information had not been thought through and 

delivered to the users. 
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SL2: if you read the brochure...the brochure 

is a German brochure that's been translated into 
English, […] it's really difficult, some parts it 
really don't make any sense at all. […] I think it 
just needs to be explained, you should know what 
the switch in the cupboard does. […] It’s 
communication, […] All you got to do is sit 
down with us and say this does this and why. 

 

  

Figure	5.13:	Interior	image	of	SL1	household	

In previous case studies, the Passivhaus control system was not perceived to be at all 

complicated or unintuitive. However, it did require the occupants to have a basic 

understanding of the principle of Passivhaus, in order to experiment and establish a new set 

of control patterns. This case has confirmed that because of the ineffectiveness with which 

information was communicated, the occupants felt frustrated and missed opportunities to 

adapt to a Passivhaus way of living. The SL1 occupants did state that they would be much 

happier if they had more information about the house. Compared with their familiar home 

environment in which they had built and were in control of everything, they were eager to 

regain this control.  

Another contrasting issue that did not occur in previous cases was certain restrictions 

placed on the control behaviour of the occupants. According to the interview, once the 

mechanical system was set up and commissioned, the users were told not to change any 

settings or to open windows to ventilate. The result of this was even more confusion and 

difficulties for the occupants. It was noted by the SL2 occupant that the settings programmed 

for their flat were not suitable for their occupancy pattern whereby they worked at home for 

most of the time. They also mentioned that they were advised to put the washing machine on 

during the daytime in order to utilise the electricity generated from the PV panel, although 

they remained sceptical about this as they did not have a clear image of whether the feed-in 

electricity was being used for their overall electricity consumption: 

SL2: They said use the washing machine during the day […] normally 
in a house you want to use washing machine you put it on the night because 
you get better tariff, but in a PH, they say use it during the day, because the 
sun shining, but I don't know if the PV is connected to all electricity or just 
the hot water. […] I do use it during the day in the hope that the power 
supplied by PV, if not, then I’m using electricity on a higher rate than I 
should be […] 

Collective learning and community 
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Similar to the previous two multi-family Passivhaus case studies, the neighbours in this 

community shared knowledge and helped each other in adapting to the new environment, 

although this kind of community knowledge sharing was perceived to be ineffective due to a 

collective unknown and a lack of means through which collective learning could take place. 

The experience of these two occupants confirmed the role the housing association played in 

this collective learning process. The community way of knowledge sharing is also important 

but in this case appeared to not be as strong.  

CA5: Receiving comfort  

Evidence of comfort  

Up to the date of the interview, the occupants had only lived in the house for a summer. 

The comfort evaluation is thus based only on the conditions during that summer. For both 

occupants, the summer was quite pleasant with no extreme temperature conditions, and their 

general opinion of the thermal environment was very positive.  

The SL project featured a ‘reversed plan’, where the living room is tucked away from 

the main road, facing the south-west side with a garden view and full bloom of trees, 

whereas the bedrooms were facing north onto the driveway and car park. In almost all of the 

previously analysed case studies, the problem of overheating and complaints about the 

bedrooms being too hot seemed to be absent from this case. From a design point of view, it 

was well suited for a Passivhaus. The room most likely to get too hot was naturally sheltered 

by plantations, and the bedroom benefited from a slightly colder temperature as a result of its 

north-facing orientation.  

One example of the evidence of comfort can be found in the interview with the SL2 

occupants. They suggested that the triple-glazed windows and a reversed layout have 

provided very good privacy: 

SL2: This is very good actually, for privacy, if you see back there, trees 
and hens, you wouldn't need blinds here cuz nobody can see inside, I don't 
see the neighbours, […] the triple glazing is quite effective. Children next 
door downstairs, haven't heard a word, can only hear the hens outside, 
countryside sound […] I think it's excellent in that sense […] it's probably a 
lucky location, looking out the trees […] 

Discomfort/Prioritised comfort 
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As can be seen from the diagram, for both households, their evaluations of comfort in 

their Passivhaus do not match their expectations of comfort. Some aspects received very low 

ratings from the SL1 occupants, including Domesticity, Convenience and Heat+Air+Light. 

 

 

Figure	5.14:	Comfort	value	diagram	of	SL1	and	SL2	households	

In the interview, both households expressed some negative evaluations regarding the 

comfort of their houses. To resolve these issues, both households tried to adapt their 

behaviour or adjust the built environment. A detailed account of this can be found in the next 

section, ‘Reconciling comfort’.   

CA6: Reconciling comfort  

Reconfiguration/ Adaptation 

As mentioned previously, the SL1 occupants conducted a large amount of alteration to 

and remodelling of their old house to create a sense of belonging, whereas in the new house, 

very strict rules apply for alteration and fittings in order to not compromise the Passivhaus 

performance. For example, special screws are required. Wall fittings need to be checked so 

that they do not penetrate the thermal envelope. As a matter of fact, as an SL2 occupant 

commented, the tenants were not permitted to fit any shelves or paintings for at least two 

years ‘in case cracks appear’. The SL1 occupants proceeded with their own adjustments 

anyway. The ability to improve interior fittings and to create a personalised sense of ‘home’ 

and ‘belonging’ seemed to be a very important comfort aspect to them.  

 
SL1: […] I put the stuff 

in anyway, the furnishings. 
quite important, I did a lot 
changes in the old house.  

 
 

Figure	5.15:	Interior	image	of	SL1	household	
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Some design problems were mentioned by SL2, such as the inward opening of the 

upstairs windows that did not allow for the fitting of curtain rails. Various other issues were 

mentioned, such as the lack of a height difference between the indoor and outdoor spaces in 

the ground-floor flat in addition to health and safety issues, as the occupant had once slipped 

and fallen in the shower. The adaptation/adjustments made by the two households are 

outlined in the following table. 

Discomfort 
/problems 

Adaption/Reconfiguration Built environment 

Overheating 
and stuffy (in 
summer) 

Open windows at night to 
cool the house (House  
SL1, 2) 

The houses are heavily shaded on the south side, 
which prevents the rooms from overheating. The 
houses all have openable windows, although the 
occupants were not recommended to open 
windows. 

SL1 living 
room too dark 

No adaptation observed Because of the 
shading, the occupants 
felt the living room is 
very dark. 
 

Not able to 
control 
temperature 
(default setting 
not suitable for 
lifestyle) 

Putting a cardigan on, or 
turn on electric fire when 
feel cold (House SL1) 
 
 

The MVHR system in this case 
has a built-in thermostat in the 
control panel, but none of the 
residents knew or understood 
how to control it. The control 
panels are located in a dark 
cupboard that reduced their 
accessibility. 

Not knowing 
the DHW and 
PV system 

No adaptation observed, 
occupants are worried 
about hot water supply in 
winter when the PV system 
is ineffective. 

 

Not knowing 
how to use 
smart metre 

No adaptation observed, 
occupants don’t know their 
energy consumption 

A smart meter has been 
installed in both 
households. The SL1 
occupants do not know 
what it means, and the 
SL2 occupants are not 
clear what it measures. 
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Having trouble 
personalising 
the interior 
space 

For SL2, no major 
furnishing has been done. 
The upstairs living room is 
partially under a tilted 
ceiling as a result of the 
pitched roof. The door 
opens inwards, from which 
the Juliet balcony can be 
accessed. Due to the 
inability to fit curtains, 
blinds have been fitted 
instead. 
  

 

 

The SL1 occupants 
furnished the interior 
despite the housing 
association suggesting 
otherwise. The living room 
has four doors that opening 
towards the space, which 
limits the furniture 
arrangement. 

 
 

Bath water not 
hot enough 

Using electric shower 
instead (House SL1, 2) 

 

No height 
difference 
between living 
room and back 
yard, hard to 
clean (House 
SL1) 

No adaptation observed  

Table	5.14:	Summary	of	lifestyle	change	and	adaptation	in	relation	to	built	environment	in	SL	project	

 

‘Routine of knowing’ (or ‘not knowing’) 

It can be observed from the table above that not all the discomforts identified during the 

occupancy of the two households have been resolved. For the majority of the problems they 

encountered, no adaptation or reconfiguration was made to reconcile comfort. The biggest 

problem regarded by both households was the technical aspect of the house. It was revealed 

in the interview that both households’ knowledge of the mechanical controls of their houses 

was far from adequate. This state of ‘not knowing’ greatly compromised their experience 

and evaluation of home comfort in general. In this case study, instead of forming a ‘routine 

of knowing’, the outcome of the process of reconciling comfort is a state of ‘not knowing’. 

CA7: Co-evolvement  

Evolved meaning of Passivhaus  
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The two households, although having same problems with the technology embedded in 

the house, have developed quite different opinions about the Passivhaus. The SL1 occupants, 

after having lived in the property for three months, had developed negative feelings towards 

their new way of living. The lack of communication and information on the new type of 

housing that led to a feeling of powerlessness had left them considering themselves as 

‘guinea pigs’ in a big ‘experiment’.  

The SL2 occupants, on the other hand, who were originally quite interested in 

experimenting with Passivhaus living. They suggested that their lived experience had 

changed his perception about Passivhaus and that they would like to learn more about the 

system out of personal interest. Despite some dissatisfaction and confusion about the control 

system, the occupants’ lived experience has shaped a positive attitude towards the 

Passivhaus, and he wanted to build his own Passivhaus. Their interpretation of the ‘passive’ 

concept, however, indicated a passive way of controlling and they took being passive to 

mean ‘don’t need to think about it’, or an automatic system, and this can and should be 

achieved by having more information to understand the system. Coming from their 

professional background, they said they were aware of ‘what can be done and what can’t’. In 

comparison with the small cottage and its poor thermal envelope, and even with the home 

automation and the fact that the mechanical control had been optimised, they were still 

seeing exceptionally high energy use. Their lived experience, previous experience and their 

professional background knowledge have together confirmed the validity of the Passivhaus 

concept.  

SL2: […] I knew PH as building standard. I wanted to experience living 
in one, actually I'd like to build one, it actually changed my perception, and 
I would actually build a PH. I want to build one, I got design, I'm involved 
in a land project building 32 houses, so it's changed my perception as far as 
that concerns, cuz I really want them to be PH.  

New norms of sustainable living 

In the second interview with the occupants, the communication issue with the 

housing association remained unresolved. The SL1 occupant complained about the 

energy bill being much higher than expected. As a matter of fact, SL1’s energy 

consumption in proportion to the floor area was the highest among all case studies. 

And the SL1 occupants suggested that their bill was much lower than that of their 

neighbours. The occupants did not seem to be benefitting from the feed-in tariff 
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generated by the PV panels. Moreover, after more than a year of occupancy, the 

SL1 occupants admitted that they were still confused about the control system.  

The second interview with the SL2 occupants could not be conducted as the 

housing association decided to pull out of any further research. Based on the second 

conversation with the SL1 occupants, they have not engaged with the new norms of 

sustainable living during the past year of experiencing a Passivhaus. 

5.6 Crystallisation of core categories 

The interview analysis presented above examined fifteen households across ten 

Passivhaus projects. Complementing the questionnaire survey, the analysis revealed the 

occupants’ interactions with their Passivhaus in detail. Each interview demonstrated the 

individuality and complexity of each case.  

The final project presents a strong narrative for demonstrating the applicability of the 

established core categories and their properties. It also represents a contrasting example with 

the first case study – the DO project. The similarities and differences presented in these two 

projects confirm the validity of the categories established during the open coding. When 

compared with the first group of case studies at the beginning of this chapter, a more 

comprehensive and rigorous structure is formed for describing and exploring the lived 

experience of Passivhaus occupants, as well as in providing a basis for building a substantive 

theory. The evolution and establishment of the seven core categories are the main conclusion 

from the open coding analysis.   

To restate the evolution of the core categories, among the five themes, ‘Design and 

construction’ has been split into two categories – Passivhaus typology and Prefiguration – to 

reflect the differences between the regulated, quantified Passivhaus standard and the 

individuality embedded in each project. Similarly, ‘Passivhaus Ideology’ also gave rise to a 

new category – ‘Co-evolvement’ – which denotes the evolved attitude, behavior and lifestyle 

of the occupants after their occupancy. 

The seven core categories (CAT1 – CAT7) are summarised as follows: 
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CAT1: Passivhaus typology 
CAT2: Passivhaus ideology  
CAT3: Prefiguration  
CAT4: Technical support 
CAT5: Receiving comfort  
CAT6: Reconciling comfort  
CAT7: Co-evolvement 

The ten projects, despite all satisfying the same Passivhaus standard, or being built to 

the same Passivhaus typology, represent a variety of architectural forms and energy 

performances. Similarly, the occupants’ overall experiences are all very positive. However, 

there exist a number of collective issues, or discomfort in the majority of the Passivhaus 

households. Each project also has its individual problems specifically relating to the design 

and construction (prefiguration) of the buildings. 

In the questionnaire survey, it was observed that not all Passivhaus residents chose the 

Passivhaus model intentionally. The interviews further revealed that of those occupants who 

did intentionally decide to live in a Passivhaus, their reasons for doing so, or ‘Passivhaus 

ideology’, also varied. Meanwhile, as observed in the questionnaire survey, another 

discrepancy manifested across the various case studies was the knowledge level of the 

occupants in relation to controlling the Passivhaus. The interview confirmed this 

discrepancy and further revealed that an important factor that affected the occupants’ 

learning was the ‘technical support’ given by the Passivhaus professionals/housing 

associations, and that a learning curve is expected of the occupants when inhabiting a 

Passivhaus. 

However, despite the differences in architectural properties, the set of themes that 

emerged from the pilot study have repeatedly occurred in every interview. This proves the 

existence of an overarching framework of the Passivhaus lived experience. By describing 

their lived experience in the interview in a chronological order, the occupants suggested a 

progressive transformation process during the period of inhabiting the house. This includes 

learning new ways of controlling the mechanical system, making changes to the house or 

changing their habits. It seems that in this process, the occupants explored different ways of 

achieving comfort, or ‘reconciling comfort’ in their new residence. Furthermore, besides the 

changes made in operating the house, the occupants in all case studies displayed a 

transformation in their ideology about Passivhaus and sustainable living, termed ‘co-

evolvement’. 

Most importantly, it can be observed that based on the theoretical sampling, the ten case 

studies represent two different types of household: those occupants who were not involved in 
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the design of their houses, and those occupants who were involved in the design and 

construction of their houses. However, as stated previously, the continuous themes and 

overarching framework represented in all of the case studies suggest that the division might 

not be as determinative for the occupants’ lived experience as was previously believed to be 

the case in this research. 

As early as in the pilot study, it was revealed that the experience of the Passivhaus 

occupants could vary depending on whether or not they were involved in the design and 

construction of the Passivhaus. This logic has also been adopted in the beginning of data 

collection and analysis process (chapter 4 and 5), to theoretically sample studied cases. This 

observation also underpinned the direction of the theoretical sampling, which ensured a 

relatively even distribution of cases within each of the three levels of user involvement in 

design – not involved in design, involved in design or self-built. The following diagram 

represents the level of occupant involvement in the design process in relation to each project 

studied: 

 

Figure	5.16:	Summary	of	the	level	of	occupants’	involvement	in	the	design	for	10	projects	

At a glance, the division between those occupants that were involved in design and the 

tenants/buyers who ‘happened to’ live in a Passivhaus seemed obvious at the beginning of 

this research and there was a very legitimate reason for considering them separately. 

However, following the analysis of these case studies, this division does not appear to be so 

obvious, or it does not necessarily reflect and indicate as great a division as had been 

expected. The argument that made this division so obvious and legitimate was firstly the 

division between those occupants who were involved in the design process of their 

Passivhaus and those Passivhaus tenants/buyers who had no influence during the design 

phase. This was essentially a division between users as Passivhaus experts vs users with no 

prior awareness of the Passivhaus concept. This argument indicated a clear separation in 

terms of the occupants’ knowledge level of Passivhaus, which would subsequently be 

directly reflected in their control behaviour related to the Passivhaus system. In other words, 

tenants/buyers don’t operate Passivhaus properly. This statement/assumption was directly 

contradicted by the DO occupants, who evidently have become experts in the Passivhaus 

system and who have actively adapted their habits in order to operate the house in such a 

way as to achieve the best performance. Indirectly, this statement was proven false by the ST 
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occupants, who although having designed the layout of the house, had very limited 

knowledge of how to control the temperatures of the rooms.  

Secondly, the separation was also established as a divide between those occupants who 

intentionally chose to live in a Passivhaus as opposed to a conventional house and those who 

chose the house primarily for other considerations such as its location or community, and 

who then ended up in a Passivhaus by chance. However, in this research, all the occupants 

who participated in design, despite their priorities that made up the context for the comfort 

they envisaged in the new home, had no knowledge about Passivhaus before they started 

planning their new house, and ‘gained’ the Passivhaus idea at some later time during the 

planning stage. One good example of this can be seen in the HA project, where the occupant 

described how his ‘reinvention’ of the idea of the house ‘happened to be a Passivhaus’. 

Similarly, some of the social tenants in this research (such as the SL2 occupants) chose to 

apply for the new houses specifically for the features of the Passivhaus.  

Thirdly, the two different occupation types also indicate the level of involvement of the 

occupants in the design stage. It is evident that the designs of the privately commissioned 

single-family Passivhaus projects are influenced by the users to a much greater degree. This 

has undoubtedly affected the evaluation made by the different types of occupants. However, 

such variation in evaluating their homes is not linked specifically to any Passivhaus features. 

It can be concluded from the comfort value charts that the dissatisfaction occurring among 

the tenants/buyers is more often than not derived from a lack of personalisation regarding the 

social evidence of comfort and the architectural features of the houses.  

Lastly, the division indicated the ‘eco-friendliness’ of the occupants, which could 

influence occupants’ behaviour as well as the effort they made to actively change their 

behaviour to achieve better energy performance. In other words, those occupants who were 

more concerned about the environment would more actively engage in changes to their 

behaviour and lifestyle to suit a Passivhaus life. During the interview, it was proved that 

those occupants who expressed a high level of concern about climate change (such as the HI 

occupant) had indeed better managed to adapt their behaviour and reconfiguration to further 

explore more sustainable strategies that may be compatible with the Passivhaus system. 

However, those occupants with very little concern about environmental issues (such as the 

DO occupants) have also built their daily schedules around the new Passivhaus service 

system, in order not to deviate from the idea of Passivhaus typology. Hence such a division 

between the occupancy types was also not valid when discussing them separately.  
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In further testing this hypothesis, a correlation analysis was conducted (Appendix C). 

The result shows that no strong correlation was found between the level of involvement of 

the occupants in design and comfort evaluation or final energy consumption. Therefore, it 

can be concluded that the division between occupancy types among the Passivhaus 

households does not directly affect the overall lived experience of the Passivhaus occupants.  

However, such a division does undoubtedly exist, perhaps not as a polarised condition, 

but as a scale in the measurement. The obvious evidence for this is the variation in the 

percentage of coverage under each topic in the interview with single-family Passivhaus 

owners and with the tenants/buyers of a Passivhaus. For instance, for the SL1 occupants, as 

can be seen in the following table, the majority of the conversation centred on the categories 

of ‘Technical support’ and ‘Receiving comfort’, with very little reference found under the 

category of ‘Prefiguration’. 

Codes   Sources References Percentage 
Passivhaus typology  1 1 3% 
Passivhaus Ideology   1 5 3% 
Prefiguration   1 2 5% 
Technical support   1 13 33% 
Receiving Comfort   1 13 33% 
Reconciling Comfort   1 5 13% 
Co-evolvement   1 1 3% 

Table	5.15:	Percentage	coverage	of	coded	data	in	SL1	project	under	seven	categories	

For the self-builders such as the SA occupant, there appear to be more balanced 

weightings in each category. The information on ‘Prefiguration’ was discussed more than in 

the interviews with the tenants/buyers. 

Codes   Sources References Percentage 
Passivhaus typology  1 1 3% 
Passivhaus Ideology   1 5 18% 
Prefiguration   1 5 18% 
Technical support   1 6 21% 
Receiving Comfort   1 4 14% 
Reconciling Comfort   1 6 21% 
Co-evolvement   1 2 6% 

Table	5.16:	Percentage	coverage	of	coded	data	in	SA	project	under	seven	categories	

Meanwhile, the variation also indicates that even for those occupants who were 

involved in the design, the drivers for Passivhaus-related design decisions vary from case to 

case. Considering the pilot study, PL project, for example, the idea of the Passivhaus was a 
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convincing proposal made by the architect, the users were not in any way participants in the 

PHPP calculation. In the later case study involving the SA occupant, he did everything by 

himself, from planning to the PHPP calculation, right up to the final blow door airtightness 

test. This level of involvement specifically in the Passivhaus design does suggest a better 

understanding of the system, but user involvement itself in the design and construction stage 

does not necessarily allow the occupants to develop any substantially better means of 

operating or adapting to the house, nor does it ensure the effectiveness of the new set of 

‘routine of knowing’ in operating the house to its best performance. It does, however, 

provide the occupants with the opportunity to experience a ‘virtual living experience’ in 

which comfort and discomfort are practised and rehearsed beforehand. The opportunity to 

participate in and to ‘pre-figure’ the physical characteristics of the architecture for a fit-for-

purpose building, and to individualise the home comfort at an early stage, to familiarise 

themselves with the new living environment, is what really makes a difference.  

On the other hand, although the social and private tenants, and private buyers, missed 

the opportunity to specify their established home comfort by designing and building their 

homes, choosing where to live is also a process of experiencing ‘virtual living’. Similar to 

the self-builders, compromises need to be made by prioritising comfort in order to settle on 

an optimal option containing those aspects of their ‘home comfort’ that matter most. With 

the recognition of the importance of building performance, and publicity of the Passivhaus 

concept, which has facilitated a growing trend, it may be that more and more tenants will be 

like the SL2 occupants, who knew about the Passivhaus concept and chose to live in a 

Passivhaus specifically for its features. It is also evident that even more social tenants are 

likely to be like the DO2 occupants, who knew nothing about Passivhaus, but who were 

convinced by the performance presented by the housing association during their house 

hunting. The architectural properties, in such a case, do not necessarily render a perfect ‘fit-

for-purpose’ home for those occupants who prioritised thermal comfort and money saving 

over other aspects of comfort, but such designs should contain a provision for the idea of 

individualised ‘home comfort’ to be developed with ease and support. As in reconfiguration, 

the non-presence of the final user during the design stage does not mean the non-

involvement of the user. The involvement of users in this context is reflected in the vision 

and provision of adaptability of the architectural design. The design and construction of the 

Passivhaus therefore exists from the designer’s point of view in the design stage and can be 

analysed and assessed from the occupants’ point of view in the post-occupancy stage.  
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To summarise, although the level of involvement in design sets different types of 

occupancies apart, contrary to what was commonly believed, the post-occupancy experience 

of Passivhaus living in all occupancy types shares the same seven core categories. The ten 

projects studied therefore do not resemble a real separation in terms of occupancy type. In the 

next chapter, two further analytical procedures will be presented under the framework of 

grounded theory – axial coding and selective coding. The analysis will further demonstrate the 

claim that the lived experience and energy consumption do not differ purely as a result of 

occupancy type but rather as a result of a combination of different factors. The analysis will 

connect the seven core categories together to form a substantive theory that adequately 

describes the lived experience of Passivhaus occupants. 
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CHAPTER 6   A SUBSTANTIVE THEORY ON 
PASSIVHAUS LIVING 

Following the open coding, the second and third steps of grounded theory analysis – 

axial and selective coding - will be presented in this chapter. In axial and selective coding, 

the seven categories will be connected to form a narrative, with cross-case analysis essential 

to this process. By comparing the same category and its properties across different case 

studies, the analysis will be able to identify the category/categories that are central to 

Passivhaus living, and to form a narrative that can describe the lived experience. 

6.1 Axial coding: We enjoyed it, mostly 

In open coding, seven categories were identified to link the occupants’ lived experience 

of Passivhaus together. Those seven categories are abstractions of various terms, actions and 

events that emerged from the interview data and which act as higher-level concepts capable 

of tying some of the lesser concepts together to form a coherent narrative. In this section of 

analysis, the second stage of grounded theory methodology – axial coding – will be 

presented. Axial coding aims at finding connections between the seven categories, establish 

causal links and discover central categories that are essential to the next step of theory 

building.  

One may observe that half of the research about occupants’ experience of Passivhaus 

living can be summarised simply as ‘we enjoyed it, mostly’. However, the meanings behind 

the word ‘enjoyed’, ‘it’ and ‘mostly’ are more complex than they may first appear. In this 

section of analysis, the aim is to expand and relate previously identified categories to analyse 

the context, conditions, processes and consequences7 in order to establish a fuller picture of 

the richness and coherency in the lived experience of Passivhaus.  

Among the seven core categories, despite differences in architecture, location and 

occupancy, the conversations on post-occupancy experience revolved around two major 

themes, or one theme comprising two processes: the comfort received by the occupants, and 

                                                        
7 Context: The sets of conditions that give rise to problems or circumstances to which individuals respond 
by means of action/interaction/emotions. Conditions: results in the action/interaction/process being more 
or less effective. Process: Ongoing responses to problems or circumstances arising out of the context. 
Consequences: like conditions, have inherent properties. They may be singular (not usually) or many 
(Corbin, 2008, p.229), 
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the comfort they try to achieve or reconcile. The set of received comforts is dependable, 

relative and highly individualised. It is conditioned by a lifestyle established through a 

combination of previous experience, personal sensation and/or professional background 

(Passivhaus ideology) and the design and delivery of the Passivhaus system (Prefiguration). 

The physical environment created by this Passivhaus typology – the architectural properties 

and technical systems – is concrete in nature. It promises physical comfort and reduced 

energy use. However, the actual received comfort comprises much more than that which the 

physical Passivhaus system is designed to provide. Rather, physical comfort is merely an 

ingredient of received comfort. Specifically, the evidence of comfort has been presented in 

each case study as a series of social actions and norms. Subsequently, the process of 

Receiving comfort provoked sensual and emotional responses on the part of the occupants to 

their immediate environments. These responses form the basis of the occupants’ evaluations 

of comfort, which themselves are developed as much through physical means as they are 

through social means. In the interview conversations, topics such as attire or the ease of 

conducting housework were clearly demonstrated as ‘evidence of comfort’. This process of 

Receiving comfort led to a new set of social-related comfort that was suppressed by physical 

discomfort and which was either unknown to or accorded minimal attention by the occupants 

in their pre-Passivhaus lives. 

Following the process of Receiving comfort, the emotional, sensual responses to the 

received comfort in the new houses resulted in a shift away from the set of previously 

established home comforts and individual lifestyle, with the occupants needing to rebalance 

to this new set of consequences. With the inhabiting of a new environment, in order to 

prioritise, compromise and rebalance the complex and multifaceted comfort, the process of 

Reconciling comfort makes up the other half of Passivhaus living. As a consequence of a 

thorough evaluation of the home environment, discomfort presents itself as a series of 

problems and issues that need to be resolved. The process of Reconciling comfort is 

performed by the occupants as a way of resolving the discomfort they experienced. For 

example, changing bedding and clothes and opening windows at night for ventilation are 

examples of some of the efforts made by the occupants to establish a new balance of 

comfort.  

The process of Reconciling comfort is ongoing throughout post occupancy. The actions 

for reconciling comfort and the amount of effort the occupants put in to resolving discomfort 

vary from case to case. These actions are also conditioned by several factors. Firstly, the 

process of regaining comfort is a direct response to the discomfort that exists in the built 
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environment. It is conditioned by the design and delivery of the Passivhaus project. 

Meanwhile, the effective actions taken to achieve comfort are also conditioned by the 

adaptive opportunities embedded in the design and delivery of each Passivhaus project (i.e. 

the Prefiguration). Finally, the knowledge needed to operate the Passivhaus system and the 

availability of technical support and maintenance – the Technical support – also play a big 

part in the effectiveness and success achieved in reconciling comfort.  

The various strategies for reconciling comfort can be identified as either 

Reconfiguration or Adaptation. Reconfiguration, as opposed to prefiguration, is the 

adjustment occupants make to a ready-built Passivhaus system, in order to either perfect 

their comfort value system, or, more often, to eliminate any discomfort. This adjustment can 

include more radical renovations to architectural properties, such as knocking down a wall 

(in house LA2) or installing advanced add-on technologies to the service system (in projects 

TO, SA, HI, CR, FO, HA, and DO), or, in most of the cases, installing new interior fittings 

and soft furnishings (in all cases). The effort made in reconfiguration is to a great extent 

aimed at minimising the effort that will go into Adaptation, which requires the occupants to 

make an active effort to control the Passivhaus system more efficiently.  

The phrase ‘Adaptation’ is primarily used when describing any biological, 

physiological, psychological or behavioural changes made in response to an altered 

environment. The adaptation process discussed here explores mainly behavioural and 

psychological means of adapting in response to the new Passivhaus system. As a direct 

result of moving into a new environment, the loss of familiarity and change in daily life, 

together with new architectural and technological systems, mean the occupants have been 

forced to make changes in order to adapt. The day-to-day challenges involved in managing 

the house, such as maintaining a preferred room temperature, adjusting the control to get hot 

water and ensuring the house is not too hot at night, have become essential actions for 

reconciling comfort. The consequences of such actions have shaped the unique set of 

Routine of knowing in the daily lives of Passivhaus living. The Routine of knowing involves 

both behavioural and psychological adaptation to the Passivhaus system. It is about changes 

made to daily life and how to adapt and rebalance physical and social comfort. It was 

revealed evidentially from the length of time that this issue was discussed in the interview in 

addition to in the intensity of attitudinal responses reflected in the discussion that 

‘Reconciling comfort’ and its consequences have a significant influence on the occupants’ 

lived experience.  



 

 184 

Moving away from the subtlety of daily domestic living that contextualises this 

research to examine the macro context through which the Passivhaus system came into 

existence, another strand of the concept temporarily put aside in previous analysis is linked 

to the above categories, that of Passivhaus typology. As discussed at the beginning of this 

thesis, ‘providing a high level of comfort with little energy for heating and cooling’ was the 

perception of most of the occupants of the Passivhaus system prior to building or moving 

into a Passivhaus. This notion was learned by the occupants either individually through 

research (DIY books, open-house visits or Passivhaus exhibitions) and/or from authorities 

(housing association or Passivhaus engineers). The image of the Passivhaus may be rigid 

and singular for many current and prospective occupants in the way that the Passivhaus is 

considered only as a thermal quality standard rather than as a ‘home’. Taking one interview 

as an example, in the conversation with the LA2 occupant, the same occupant gave different 

answers when asked her opinion on ‘her house’ and on ‘her Passivhaus’. For the first 

question, the occupant replied with a comment related to construction quality. However, her 

answer to the second question revealed some of her specific worries about overheating. 

Similarly, during the interview with the SA occupant, the individual said that when building 

his Passivhaus, ‘the livability comes first’. The ‘livability’ in this case reflects the large 

amount of glazing on the building to the north side, something which is not recognised as a 

standard design approach in the Passivhaus system. The revelation that the Passivhaus 

concept is tied much more closely to ‘thermal performance’ than to the concept of ‘home’ or 

even of a ‘house’ suggests a widening gap between the two concepts. The notion of the 

Passivhaus as a ‘comfortable, energy-saving house’ is also being continuously tested, 

modified and enriched by the occupants, together with other notions such as ‘home’ or 

‘lifestyle’, through their lived experience.  

This lived experience for the occupants is to some extent an inquiry into the 

compatibility of ‘home’ and ‘Passivhaus’. Hence, looking at the broader picture of 

inhabiting a Passivhaus, the received comfort and the adaptations made by the occupants, 

along with their expectations and attitudes shaped by Passivhaus living, have all come 

together to mark the final stage of Passivhaus living: Co-evolvement. This stage suggests 

that from inhabiting the Passivhaus to receiving and reconciling their comfort, the occupants 

have an opportunity to achieve a state of ‘co-evolvement’ between themselves and the 

Passivhaus system. This state of co-evolvement involves not only better energy performance 

but also a sustainable and coherent way of living, in which the Passivhaus forms only one 

part of the new norms of sustainable living.  
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To summarise the above analysis, this research proposes that the main categories of 

Passivhaus typology, Passivhaus ideology, Prefiguration, Technical support, Receiving 

comfort, Reconciling comfort and Co-evolvement are more or less linked in a sequential 

fashion. They are not, however, connected simply by a straight line (Figure 6.1). Under the 

macro and micro contexts of Passivhaus typology (CAT1), the reason for choosing a 

Passivhaus (CAT2), the delivery of the actual Passivhaus system – Prefiguration (CAT3) – 

in each project became the different conditions for Receiving comfort (CAT4), both 

physically and socially. Hence, the way in which the occupants lived before, how they used 

the house and why they chose a Passivhaus, together with the physical environment of their 

new house, began forming a base for the evaluation of comfort in the Passivhaus. The 

consequences of such evaluation are presented as a series of problems caused by discomfort. 

These together become the context for the second process – Reconciling comfort (CAT5) –

to take place. The effectiveness of reconciling comfort is conditioned by several other 

factors, including the consequences of discomfort from the first process – Receiving comfort 

(CAT5), the design and delivery of the Passivhaus (CAT3) and the effectiveness of the 

Technical support (CAT4), which leads to a set of Routine of knowing or not knowing. The 

consequences of the first two processes, receiving comfort (CAT5) and reconciling comfort 

(CAT6), contribute to the third stage, that of Co-evolvement (CAT7), that is embedded in the 

Passivhaus concept. The categories that originally emerged have thus been put into context 

and connected with each other. As a result, the seven seemingly independent categories form 

a comprehensive chain in which some consequences also serve as conditions for others.  

CAT1: Passivhaus typology Context 

CAT2: Passivhaus ideology Condition 

CAT3: Prefiguration Condition 

CAT4: Technical support  Condition 

CAT5: Receiving comfort Process 

CAT6: Reconciling comfort Process 

CAT7: Co-evolvement Consequence 

 

A diagram linking the seven categories is presented as follows: 
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Figure	6.1:	Diagram	of	the	core	categories	resulting	from	axial	coding	

6.1.1 Cross-case analysis: Relating the categories 

In the following analysis, each category will be further examined outside the individual 

case studies. By relating the case studies to each other, the connections between the seven 

categories can be further explored in order to discover the most significant 

category/categories that are central to Passivhaus living. Based on the previous analysis that 

connected the categories in a sequential manner, the next stage of analysis will examine the 

categories in relation to this sequence and explain the role performed by each category as 

either a context, condition, process or consequence. 

Context: Passivhaus typology 

The Passivhaus system was mentioned explicitly in every interview as a micro context 

in the daily lives of the occupants in which to perceive comfort, achieve comfort and evolve 

into a new way of living. The challenges posed by the new type of housing featuring a non-

conventional service system and new architectural properties represent the immediate 

problems faced by the occupants. As stated before, the Passivhaus system discussed here is a 

performance standard rather than a design regulation. However, in order to achieve this high 

performance standard, design strategies have been recommended by Passivhaus 

professionals which imply certain features of architectural appearance and technical systems. 

The standard of the Passivhaus itself thus sets the Passivhaus system apart from other low-

energy housing, notably in terms of its extreme airtightness and MVHR system. A 

comparison of the airtightness standard can be seen in the following table. 
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 Current standards 
State of the Art 
Buildings 

Passivhaus 
standards 

Air change rate @50Pa 4.4 1.0 0.6 

Table	6.1.	Comparison	of	air	change	rate	between	building	standards,	adapted	from	Heiri	(2005)	

However, on a macro scale, the Passivhaus concept and its implication of social, 

cultural and economic environment makes up the other half of the context. Passivhaus 

methodology is regarded as the ‘fastest-growing’ building standard that employs ‘a holistic 

low-energy design concept’ (PHtrust). It emphasises energy efficiency with very little 

concern about other sustainable measures in general (as opposed to BREAM). Therefore, it 

is more accessible to a larger population. Passivhaus occupants thus represent a variety of 

economic and social backgrounds, with different attitudes to environmental issues. In the 

questionnaire survey, one household suggested that their impression of the Passivhaus was 

‘no matter how they control the technical equipment, the energy bill will always be low’ 

(SL1). The operation of a Passivhaus is based on an understanding of the Passivhaus system. 

The applicability and accessibility provided by the Passivhaus concept also reflects the 

diversity and unpredictability of the occupants. 

These contexts form the basis of the lived experience of a Passivhaus. The macro 

context of Passivhaus typology provides a framework for a Passivhaus system whereas the 

micro context of the system builds up the environment of Passivhaus living. The following 

presents the two central categories, i.e. the two processes of Passivhaus living. 

6.1.2 Process 1: Receiving comfort 

Intervening conditions CAT2 Passivhaus ideology 

 CAT3 Prefiguration 

Actions/interactions Receiving comfort through social means 

Result Identifying discomfort/ Comfort prioritised 

 

It was established in the previous analysis that the concept of home comfort is 

multifaceted and practised socially. To examine the phenomena of receiving the very 

individualised and complex nature of comfort embedded in Passivhaus homes, the first and 

foremost question to answer is ‘upon what grounds are those comfort aspects based?’ 

‘Previous accommodation’ is mentioned in every interview, whether in an answer to a 

specific question posed by the researcher or as information volunteered by the occupants 

themselves. Speaking about how they lived previously, comfort and discomfort in their 
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previous accommodation have evidentially formed a base upon which to construct the 

occupants’ rationale of their views towards Passivhaus living. Meanwhile, speaking about 

the previous and professional experiences that affected their decision to live in the new 

house, the way in which the Passivhaus idea came into the core of their new home became 

another important condition for understanding the occupants’ perceived comfort in a new 

physical environment. A single condition rarely leads to the result; rather, a result is arrived 

at through a combination of several conditions, with a different weighting and level of 

emphasis for each condition involved in each individual decision-making process. The 

unfolding of those conditions reveals the meanings of characteristics of the Passivhaus 

system in relation to ‘Receiving comfort’.  

Condition 1: Passivhaus ideology 

The evaluation of comfort is based on both the physical entities of the building and the 

socially constructed notion of comfort. The first condition of such an evaluation is the 

different expectations of each individual household. These expectations can be examined 

using the occupants’ descriptions of their previous houses and also by exploring their reasons 

for choosing a Passivhaus.  

In the interviews, ‘why Passivhaus?’ was discussed with each individual occupant, with 

the discussion exposing the existence of a layered Passivhaus ideology system within each 

Passivhaus project, each layer reflecting a perspective of the Passivhaus idea specific to the 

Passivhaus occupants in question. The following discussion will build up the layers of the 

Passivhaus ideology. 

• Balancing physical comfort and energy bills 

Not surprisingly, the first and foremost reason for living in a Passivhaus is its excellent 

thermal performance. In other words, the desire to balance physical comfort and energy bills 

underpins the first layer of Passivhaus ideology. In a ‘conventional house’, a term used by 

many of the occupants to describe their previous accommodation, the act of setting the 

thermostat one degree higher was directly reflected in their energy bills. This issue would 

become harder for occupants to reconcile and resolve when the thermal envelope of their 

conventional house was extremely poor. Attempts to financially compensate for a poorly 

insulated building became an absurd ‘norm’ for the occupants in their previous 

accommodation, thereby forming the basis for a comparison with their new house. This type 

of unbalanced situation could be found in nearly every interview, whereby the ‘norm’ was 

accepted by the occupants in their previous accommodation as a compromise between all 
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aspects of comfort. Their sizeable outgoings on heating only started becoming a driver for 

change when they were scrutinised. As the FO occupant put it,  

[…] I realised we were kind of spending more domestic heating oil 
than on food per week. And we were always full, never hungry, but we 
were always cold […] 

The occupants came to understand the poor physical comfort in their previous 

accommodation only by identifying the exact temperature in their old house or by clearly 

laying out the sums spent on heating bills. The interviews revealed, however, the importance 

of the projection of physical comfort/discomfort on the social lives of the occupants. 

‘Wearing a jumper’ or ‘a hat’ was repeatedly reported as evidence of an uncomfortable 

physical environment. Similarly, ‘condensation on the windows’ or ‘the boiler breaks down’ 

reflected the demands placed on the building system by the occupants’ domestic activities.  

• The right way forward 

In addition to achieving thermal comfort and low energy bills, as noted in the 

preliminary analysis of the questionnaire survey, the attractiveness of a Passivhaus system 

also lies within the broader ideology of environmental concern. In some cases this feature 

even acts as the occupants’ main driver for wishing to inhabit a Passivhaus. Evidence of this 

can be found among the self-builders, such as the occupants of HI and SA, tenants such as 

DO2 and the occupant of SL2. For these occupants, the Passivhaus is an enabler of physical 

comfort as a statement and strategy for causing less harm to the environment, being 

technically advanced and even financially profitable. Thermal hot water systems and 

photovoltaic panels have been installed in those projects as add-ons to the Passivhaus system 

as a way of both offsetting carbon and generating profit.  

• A good way to live 

More radically on the topic of sustainable living, it was demonstrated in the research 

that some of the Passivhaus occupants consider the Passivhaus as only one part of their 

sustainable lifestyle. The CR occupant, for example, lives off-grid from the water and gas 

supply and employs their own waste management system with composting toilet, something 

considered by the PL occupants as ‘over the top’, and ‘too eco-friendly’. Similarly, in the LA 

co-housing project, the two interviewed residents inhabiting the Passivhaus were attracted 

by the concept of co-housing rather than by the Passivhaus typology per se.  

Undoubtedly, contingency also plays an important part in Passivhaus occupancy. As 

was revealed in the questionnaire survey, not every occupant intentionally selected the 
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Passivhaus for its environmental features. In contrast, some occupants moved into a 

Passivhaus purely by chance. This is reflected in the social housing project studied in this 

research. These occupants’ preconceived ideas and expectations of the Passivhaus were 

limited and easily shaped by the information communicated to them through housing 

associations and building professionals. 

The occupants’ previous experience and reasons for living in a Passivhaus are closely 

related. The analysis above categorises the ideologies of the Passivhaus occupants. More 

often than not, however, the inhabiting of each Passivhaus is a result of a combination of 

parts or all of the above ideologies, albeit with different levels of engagement on the part of 

the occupants. Meanwhile, the ideology of living in a Passivhaus does not necessarily reflect 

a linear decision-making process aimed at resolving problems experienced by the occupants 

in their previous accommodation, nor does it directly reflect any environmental concern on 

the part the occupants. The evaluation of comfort post occupancy is conditioned by the 

different expectations formed by the Passivhaus ideology and is further shaped by the design 

and delivery of each individual Passivhaus project. 

Condition 2: Prefiguration – Design and delivery of the Passivhaus system 

Different from the category of the Passivhaus system, the realised Passivhaus buildings 

represent a diverse range of architectural characteristics, varying in terms of site, 

construction and material quality. Following the concept of the Passivhaus as a performance 

standard rather than a design guide, the flexibility inherent in the approach taken enables 

each project to take its own architectural properties in terms of its size, structure system, 

insulation type, material, orientation, layout, etc., and also includes additional technical 

devices such as PV panels, wood burner and thermal tank. The construction quality also 

varies from project to project. The built environment and technical systems of projects pose a 

series of problems and obstacles for the occupants in terms of them receiving comfort or 

maintaining an established way of living.  

Quantitative analysis on a number of architectural properties (orientation, form factor, 

wall U-value, airtightness) for each project was presented in Chapter 4. Correlational 

examination between the properties and occupants’ comfort evaluation revealed strong 

relationships between orientation and occupants’ perception of certain comfort values such 

as heat+air+light and the energy efficiency of their houses. Specifically, the correlation 

suggested that the occupants in this study receive more comfort in terms of heat+air+light, in 

addition to perceiving the house to be more energy efficient, when the house faces directly 
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south. It suggested a psychological value of orientation in the occupants’ evaluation of 

comfort. However, the correlation coefficient analysis regarding other passive design 

features such as form factor, external wall U-value and airtightness in relation to comfort 

evaluations returned no strong relationships (see appendix C One reason for this may be that 

the parameters of the building have all been designed to satisfy the Passivhaus standard, 

therefore, there are a minimum number of discrepancies between the key measurements, 

especially for U-value and airtightness value. The lack of strong correlation has confirmed 

the similarities between these basic passive design parameters among the studied projects.  

Meanwhile, the questionnaire survey gathered mainly positive feedback from the 

occupants on a variety of comfort values. Despite the differences in design and construction 

among all projects, the occupants received more aspects of comfort beyond physical 

measures. Those comfort traits were received and measured through daily activities, lifestyle 

changes and social interactions as opposed to pure thermostat measurements. The 

prefiguration of the Passivhaus has become a container of activities that can be performed to 

create a personalised comfort condition.  

Action/Interaction: Receiving comfort through social means 

In response to the change in home environment, that is, the inhabiting of a new type of 

house, the formation of an evaluation of the new surroundings is a first and most natural 

reaction. The action of evaluating comfort, although seemingly suggestive of a linear cause-

and-effect relationship between the comfort provided and the evaluator, in addition to the 

passive role of the evaluator as a pure recipient, also refers to a process of indicating that the 

evaluation of the complex comfort aspects both requires and represents the evaluator, that is, 

the occupants take an active role in identifying discomfort. For example, evaluation 

conducted in terms of winter-time room temperature was the comfort value most frequently 

mentioned among those provided by the Passivhaus, despite the actual temperatures in the 

room in each project ranging from 17 to 23 degrees. This result reveals the individuality of 

thermal comfort and, more interestingly, the ways in which it is evaluated through social 

means. When mentioning previous dwellings, statements were made with reference to 

evidence provided by the occupants’ choice of attire in response to the cold (‘we always 

wore jumpers, and you may need a hat’ – ST occupant); activity at home (‘only heat the 

room we are going to use’ – HI occupant); and/or social activity (‘having friends around and 

having all their clothes on’ – DO2 occupant). There was also relatively frequent mention of 

financial status (‘huge heating bills’ – HA occupant). Similarly, in the new house, evidence 
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of comfort was presented in most cases as changes to the types of clothing worn, private and 

social activity and reduced energy bills. Thermal comfort was also attached to other aspects 

of comfort through which perceptions and evaluations could be made. The same applies to 

other physical features provided by the Passivhaus, such as its air quality and draught-free 

construction. As the system employs MVHR within an airtight envelope, the humidity level 

is often very low (Mlecnik et al, 2012). However, ‘dry air’ was only briefly mentioned by 

two occupants in this research as being a discomfort. The elements of the efficiency of 

‘drying clothes indoors’ or ‘no condensation problem’ caused by the low humidity in the air 

were evaluated and appreciated instead.  

Likewise, a negative evaluation of comfort occurred when the physical environment 

provided by the Passivhaus failed to meet the comfort values perceived through social 

means. An obvious example is the decreased privacy resulting from the large windows in the 

Passivhaus, as cited by the ST occupant. Although only occurring in relation to one 

household, this finding echoes previous research in this area (Brunsgaard et al, 2012; Hamza 

et al, 2015). Meanwhile, variations in temperature were mentioned in a number of the 

interviews, seemingly as an issue related to the physical features of the Passivhaus, and was 

also given as a response to receiving comfort through social means. The desire to have a 

‘fairly even temperature’ across the different rooms, with a ‘slight variation’ between the 

living room and bedroom, was popular among the occupants as a result of their established 

lifestyles and habits.  

On the other hand, the problem of overheating that occurred in some of the houses is 

also attached to social context. In the research, the highest temperature reported by the 

occupants who experienced overheating in summer was 28 degrees. However, the 

temperature was considered particularly uncomfortable during the night in bedrooms or 

when ‘having dinner beside a two-storey-high window’. Similarly, the limited usage or a 

complete elimination of an old-fashioned fireplace/wood burner in order to prevent 

overheating were mentioned in some cases as a compromise decision. Furthermore, the new 

technology in the Passivhaus system which is supposed to provide a comfortable 

environment was itself considered as ‘tight, demanding’ by the TO occupant for its 

inconvenience in a social sense.  

Result: Targeting discomfort  

Having received comfort within their daily living, the boundary between physical 

comfort and social comfort was effectively blurred. As the HA occupant summarised, the 



  

 193 

physical comfort in his Passivhaus is the basis for a ‘sociable lifestyle’. The evaluation of 

home comfort comprises a base layer of lived experience, with the evaluation conducted by 

the occupants conditioned by both the physical entity of the built Passivhaus system and 

socially constructed notions of comfort.  

For the very reason that the process of receiving comfort is conditioned by the actual 

built environment and established individualised comfort paradigm, an interesting situation 

occurred. The comfort intended by the Passivhaus system and the actual comfort received in 

post occupancy are not necessarily consistent with one another. Instead, both unexpected 

comfort and discomfort emerged in association with the occupants’ lives in their new home. 

Evidence can be found in the conversations with several interviewees regarding, for 

example, the ‘calmness, quietness’ provided by the triple-glazed windows, the convenience 

of doing housework as well as difficulties in achieving slight variations in temperature or the 

decision to give up a wood burner. These newly emerged comfort/discomfort aspects are 

perceived and evaluated together with the idea of ‘home’, in which the comfort paradigm 

established in the occupants’ former dwellings have been subject to a period of negotiation 

and compromise, the consequence of which has been the establishment of a set of 

discomforts that needs to be reconciled in the next stage of inhabiting the Passivhaus.  

The in-depth interviews revealed a range of comforts and discomforts in relation to 

Passivhaus living. This ‘lived experience’ consequently contributed to a series of adaptations 

to behaviour and psychology, as well as reconfiguration of the architectural spaces and 

technical equipment. For each case study, the discomfort and corresponding 

adaptation/reconfiguration process, as well as their relationship to the built environment have 

been recorded in a table appended to each case study.  

This observation regarding occupants’ adaptations and the external climate conditions 

appear to be even more interesting when comparing case studies located in a similar 

geographical area.  It has been noted that despite the similar climatic conditions, two 

different Passivhaus projects can result in very different living conditions within the 

Passivhaus. That is to say, Passivhaus buildings built in similar geographical locations do not 

necessarily create the same response from their occupants. Therefore, comfort in those case 

studies varies despite their similar external climatic conditions, or the fact that the building 

has been designed to meet PHPP requirements. For instance, the occupants in the pilot study 

questioned the efficiency of the Passivhaus in the context of a lack of solar gain in Scotland. 

Located in approximately the same area, the occupants of the DO project reported an 
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overheating problem. Depending on various design factors such as orientation, building size 

and form factor, the composition of the external envelope, layout and interior fittings, as well 

as technical systems and the control interface, the built environment varies among the 

different projects. Varying environmental comfort therefore affects the evaluation of the 

Passivhaus, and consequently, the change of ideology towards low-energy buildings as a 

whole. More specifically, the occupants of the above two projects have consequently 

developed different adaptation strategies to fit the environmental conditions. This, to some 

extent, suggests a continuity of the Passivhaus model in terms of the implementation of 

sustainable values, whereby the end of the construction phase equates to the beginning of a 

phase of adaptation to a sustainable lifestyle.  

Discomforts mentioned in the interviews in demonstrate the challenges experienced by 

each household. Cross-referencing is used to evaluate the discomfort relative to the 

architectural and technical details of each project. The analysis aims at identifying the 

common issues to have occurred in the design and delivery of the studied Passivhaus 

projects that failed to assist with the process of ‘reconciling comfort’. 

• Discomfort 1: Overheating 
 

 

Number of households with Overheating 

In examining the regional daily mean temperatures in winter and summer against the 

locations of the ten case studies, the difference between summer temperature highs are much 

bigger between north and south of the UK. Case study FO (England SE&S) experiences 

summer average high temperatures 4.2 degree higher than location of Case study HI 

(Scotland North). The maximum daily temperatures and the number of days with extremely 

high temperatures are also both showing a gradual increase in line with global warming. 

Overheating is shown in the study to have become a more serious problem than heating for 

Passivhaus occupants. Overheating in this research is caused by summertime solar gain as 

well as heat generated from technical equipment.  

The overheating check in the design process using PHPP has several deficiencies, as 

suggested by Lewis (2014 p.142). Lewis also suggested that ‘internal summer conditions are 

even more dependent on the size and orientation of windows, application of shading, internal 

heat gains and climatic region than the annual heating demand’ (Lewis, 2014 p.152). 

Especially in the case of large east- and west-facing windows, shading is essential for 

summer comfort. In this research, moderate or mild overheating was reported as a discomfort 

          11     
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in almost all of the case studies in this research, including both the northernmost and 

southernmost projects. It can be observed that despite the geographical locations or 

bioclimatic regions of the building, certain design features of Passivhaus buildings make 

them more vulnerable to heat, resulting in the overheating issues seen in those projects. The 

analysis compared the interview data with the design features of each project, with 

consideration of the properties of each (such as building type, household size, floor area, 

etc.). The results reveal the three main issues most likely to be contributing to the issue of 

overheating for eleven households in this research. These are glazing in relation to room 

size, the effectiveness of shading and excessive heat from technical equipment. 

In the PHPP, the criteria for checking overheating is specified as:  

The frequency of overheating is the percentage of hours in a given year that 

the temperature exceeds 25 degree. For Passivhaus certification this must not 

exceed 10% of the year. (Lewis, 2014 p.58) 

However, when calculating heat gains, the PHPP software distributes heat evenly across 

the whole building, hence it does not take into account the direct relationship between the 

size of the windows and the corresponding room size. The certification also means that the 

overall temperature of the building can remain below 25 degrees for the entire year, while a 

specific room (usually a small bedroom on the first floor with a large south-facing window) 

may potentially be above 25 degrees for more than ten per cent of the hours of the year. In 

this research, analysis was carried out specifically focusing on the window-to-floor ratio 

(W/F) for the smallest habitable room in each case. The following table shows a comparison 

with some extremes from the calculation.  

All six occupants in the LA and DO projects reported overheating issues. The problem 

occurs especially in the bedrooms on the first floor. Calculation of the W/F revealed very 

high ratios of 0.51 and 0.4 respectively in comparison with a lower ratio of 0.21 in the TO 

project, where no overheating issue was reported. Each of the mentioned project has received 

its PHPP certification; however, it can be observed that the TO project has a more favourable 

W/F in each room, which prevents the problem of overheating. The LA and DO projects, in 

contrast, are more vulnerable to increased temperatures in the summer.  
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0.51 0.4 0.14 

	Table	7.1:	Comparison	of	the	window-to-floor	ratio	of	three	case	studies	

These calculations also reveal that the setup of the PHPP does not necessarily provide 

the most accurate indication for predicting overheating when the issue is examined in detail 

in relation to the occupants’ domestic lives. On the other hand, the issue may also be 

regarded as a catalyst should the traditional design regime need to be changed. For example, 

as mentioned in each interview analysis, most of the occupants in this research expressed a 

preference for a cooler bedroom. The traditional design that situates bedrooms above entry 

level already makes the bedroom areas warmer. The increased glazing area designed to 

comply with certain solar gain requirements in order to achieve the Passivhaus standard 

further increases the potential for overheating in the bedrooms.  

In addition to the size of the glazing, in most of the cases natural shading was designed 

to be just outside the site as a way of maximising the benefit of solar gain. The only building 

among the case studies to employ natural shading on the south side is the SL project. Not 

surprisingly, in the interview, the occupants suggested no discomfort/overheating problems 

in relation to the indoor environment during the summer.  
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On the other hand, living in a very well-insulated house with a high efficiency of 

retaining heat, the indoor temperature can quite easily be brought up by the internal heat 

gains arising from technical equipment. These include heat generated from the thermal tank, 

wood burner and MVHR ducts. Such excess heat has become an issue for some of the 

occupants in this research. A lack of proper insulation for such equipment, and inappropriate 

methods of installation, can cause overheating as well as a loss of efficiency. In the LA 

project, the community has developed specific tips for helping residents insulate their 

thermal tanks to prevent overheating. In the HA project, the wood burner was placed on the 

first floor but was rarely in use because the upper floor was always warmer.  

• Discomfort 2: Issues with new service system and interface 
 

 

Number of households with issue 

Another problem raised by the occupants was the level of knowledge required to 

operate a different type of service system. Although the technical system in a Passivhaus is 

no more difficult to understand than a conventional boiler, use of the control activities does 

need to be actively learned by occupants in order for them to be familiar with the new 

control system. Meanwhile, because the new control system features high efficiency in terms 

of retaining internal heat gains, it requires a change of mindset on the part of the occupants 

to more closely connect their daily activities to their home environment. The new system 

also delivers a more gradual change in temperature than a conventional radiator which 

requires the occupants to psychologically adjust to a more gradual temperature change and a 

longer response time. For projects with a more integrated system and added energy related 

technologies, there appears to have been a broader range of knowledge for the occupants to 

learn, although the actual control behaviour required was not necessarily more complicated. 

• Discomfort 3: Unable/a desire to control individual room temperature 
 

 

Number of households with issue 

The desire to control the temperature in individual rooms was expressed by a majority 

of the interviewees in this research. Many occupants stated a preference for a cooler 

bedroom and warmer living space. This desire for a slight variation in temperature between 

different rooms can be seen either as a legacy of an established lifestyle and habits in each 
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household, based on personal preference and the different activities undertaken in each 

room, or simply as the comfort felt when ‘being wrapped around by a thick duvet’ (ST 

occupants). It has also been observed that the psychological effect of ‘being in control’ of the 

indoor environment has also contributed to this desire for variation in the temperature 

between each room.  

In most cases, the desire to achieve thermal variation was resolved from a technical 

perspective. In projects HI, TO, DO, FO, backup heating was installed only in the living 

area. By having the freedom to increase the temperature in the living space, the occupants 

managed to achieve a sense of control of the individual temperature. On the other hand, in a 

few other cases, slight temperature variations were integrated into design phase. As 

introduced in the case analysis, three projects, CR, SA and HA, were designed with an 

inverted layout, or ‘upside-down living’. This design has the bedrooms on the ground floor 

in order that cool air can be supplied from the ground level, whereas the temperature in the 

first-floor living space is always one or two degrees higher as a result of heat rising to the 

upper level.  

• Discomfort 4: Adaptiveness of layout 
 

 

 

Number of households with due issue 

The issue of the personalisation of homes occurred specifically in the context of social 

housing and the private purchase of ready-made Passivhaus. This issue is particularly 

relevant in this research due to the emphasis placed on the study unit of ‘home’ as opposed 

to ‘house’. Home is a complex social setting, and occupants’ perception of this social place 

is affected by their sense of familiarity and belonging. Attfield considered how the 

‘ingenuity employed by occupants’ to re-figure and re-decorate their own homes that was ‘in 

distinct contravention to the designers’ ideal version’ transformed public housing into 

individual homes (Attfield, 1999 p.74).  

Other problems such as ‘Disconnection to the outdoor environment’, reported by the 

FO occupant; ‘compromised privacy’, reported by the ST occupant; and ‘inconvenient hot 

water system’, reported by the TO occupant, appeared only in single cases. Air quality was 

mentioned in this research as a positive aspect in most of the households, with the exception 

of projects DO3, LA2 and TO. In the interviews, air quality was addressed through a self-

assessment of the occupants’ health. In those case studies where the occupants reported 
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suffering from respiratory-related problems, the majority of the occupants experienced 

improvements to their health. It can be observed from the site picture of the LA2 project that 

the supply hood on the living room was surrounded by a ring of dust. It was suggested by the 

LA2 occupant that she occasionally experienced a headache, though she was unsure if this 

was a psychological effect. A similar problem was seen in the TO project, where the 

occupants noticed fumes entering through the MVHR system. This would be particularly 

relevant regarding any planning for a Passivhaus in a dense urban area, near a construction 

site or in an area with heavy traffic. The frequency with which filters are changed might need 

to be increased, or there could be specific recommendations for special filters to remove dust 

and vehicle emissions. These issues were discussed within each case study in relation to their 

architectural and technical features.  

The response/process for decreasing or eliminating discomfort is termed here as 

‘reconciling comfort’, which, as a core category, occurred in every case study. The 

conditions, process and consequences of this process will be discussed in the following 

section. 

6.1.3 Process 2: Reconciling comfort  

Intervening conditions CAT3 Prefiguration 

 CAT4 Technical support 

Actions/interactions Reconfiguration 

Adaptation 

Result Routine of knowing or not knowing 

 

When certain aspects of comfort fail to be received through the occupants’ daily lives in 

their Passivhaus, the active process of regaining and reconciling comfort takes place as a 

response. This process takes a form either in which the properties of the built environment 

are adapted to suit the occupants (Reconfiguration) or one in which the occupants adapt 

themselves to better suit the built environment (Adaptation). However, neither of the above 

strategies is adopted exclusively in any case study; rather we see a combination of the two. 

As introduced in the previous section, ‘reconfiguration’ in a practical sense includes 

adjustments to architectural properties, furnishing and technology systems. ‘Adaptation’, on 

the other hand, entails both behavioural and psychological adaptations that are actively 

performed by the occupants as part of their daily lives. These adaptations may be reflected as 

a series of habit changes, such as closing curtains on a warm day and/or increased awareness, 

such as being more aware of the weather or being more conscious of not leaving windows 
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open. These processes, barriers and opportunities occur as a series of intervening conditions 

that impact on the effectiveness of ‘reconciling comfort’, resulting in consequences in the 

form of either a set of ‘routine of knowing’ or ‘not knowing’.  

Despite the occupancy types identified within the studied cases, the category of 

‘reconciling comfort’ and the contexts related to it are consistent between the owners of 

privately developed, self-built Passivhaus and the tenants/buyers of ready-made Passivhaus. 

As discussed previously, such a division does not necessarily suggest a different knowledge 

level between the two occupancy types, nor does it definitively differentiate the process of 

reconfiguration and adaptation. The occupants in the studied cases had different levels of 

Passivhaus knowledge prior to making a decision to build/inhabit the house. Their respective 

knowledge also saw different levels of increase during the design, construction (for self-

builders) and post-occupancy stages. The HI occupant, for example, had extensively studied 

Passivhaus before acquiring a plot, and made sure from the conceptual design that the actual 

design decisions taken were based firmly on the Passivhaus concept. In contrast, although 

the ST and PL occupants were hugely involved in the design of their respective houses, they 

had relatively limited knowledge of Passivhaus prior to their occupancy and continue to 

experience uncertainty and confusion related to controlling the house. The SL2 occupants, 

although belonging to the second type of occupancy, benefitted from their own professional 

background in that they were relatively knowledgeable about the Passivhaus system prior to 

applying for the SL Passivhaus. However, these variations exist as a matter of scale on the 

measurement of ‘routing of knowing’ and ‘not knowing’. ‘Reconfiguration’ and ‘adaptation’ 

are the most highly coded categories for social tenants. Making adjustments to the house and 

getting into a new ‘routine’ of controlling the system, knowing what to adapt and how to 

adapt it were all embedded in their lived experience. These two categories were found in the 

privately owned and self-built Passivhaus too, though with relatively less coverage in the 

conversations as comfort was configured as thoroughly as possible during the planning and 

design stages to achieve a ‘fit-for-purpose’ home, and quite often ‘reconfiguration’ appears 

not as a stand-alone concept but rather as a stage of ‘prefiguration’ (such as the TO and SA 

occupants who moved in before construction was finished).  

As discussed at the end of previous section, several discomfort issues have been 

identified. It is worth noting that identifying discomfort is not the focus of this research; 

instead, it seeks to explore how those discomforts are perceived and evaluated within a 

‘Passive homes’ environment, with how they are dealt with making up the core of the 

research into the Passivhaus lived experience. Discomfort mentioned in some of the cases 
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reflected the lack of temperature control in individual rooms (HI, ST, TO, HA, SA, CR, 

LA2). Arguably, the discomfort is more rooted in occupants’ preference for a variation in 

temperature between each room than in the sense of ‘being in control’, which makes ‘not 

being in control’ a discomfort in itself and one that was seen in the early stages of several 

cases (PL, ST, DO, SL, SA, HA, FO). For some occupants, this issue was resolved by 

improving the service system to be more indicative (DO, SA). 

According to the analysis of the interview, the occupants attempted to resolve the 

discomfort they encountered with various means, successfully or unsuccessfully. Those 

strategies can be classified into two domains – reconfiguration and adaptation. For example, 

in order to reduce overheating, the strategies taken by the occupants including 

‘reconfiguration’ such as installing curtains and blinds (DO, LA, SA), ‘adaptation’ to 

behavioural patterns such as ‘open[ing] windows and ventilation system intelligently’ (LA, 

HA, CR, FO, DO). Similarly, to achieve a slight variation of temperature, some occupants 

heat only certain areas of the house (HI, TO, SA) and/or have individual thermostats in each 

room (HI, SA). Others reconfigured the layout of the house in such a way as to ‘move heat 

about’ (CR, SA, HA).  

To further elaborate the two notions of ‘reconfiguration’ and ‘adaptation’ using another 

example, the integrated thermal/stove hot water system in Project TO was considered a 

downside because of its inconvenience. The system has since been ‘reconfigured’ to include 

an automatic electric heater so that the occupant does not have to continually monitor it. As 

an interesting comparison, the DO project employed a very similar system for obtaining hot 

water, although in order to avoid using an immersion heater, the occupants of all four of the 

houses surveyed actively adapted their habits to operate them and became psychologically 

more aware of the weather. In addition to this behavioural adaptation, ‘reconfiguration’ also 

occurred in the DO project in the form of the installation of an indicative lighting system to 

inform the occupants’ behaviour. 

Less commonly reported problems were also reconciled by way of those two means. 

For example, being isolated from the outside environment was seen as a downside by an FO 

occupant, which resulted in ‘going out underdressed’. The occupant subsequently installed a 

weather station to indicate the temperature outside. Air quality was reported by the TO and 

LA2 occupants. Although not identified as a cause of foul air, it did restrict their use of 

MVHR and induced a psychological response to MVHR. Not being able to have a fire as a 

focal point was also mentioned (LA2, HI, ST). Similarly, those occupants with a wood 
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burner came to realise the effectiveness of the fire, in turn adapting their schedule to light the 

fire or shifting their seating areas away from it (DO, FO). Large windows were regarded by 

the occupants of ST as violating their privacy, and they built a hedge outside in response. 

In examining the above responses to discomfort, ‘reconfiguration’ and ‘adaptation’ 

appear side by side in the process of reconciliation. The effectiveness of such an act, 

however, is largely conditioned by a series of obstacles, known as barriers to reconciling 

comfort, which will be examined in the next part of the analysis. However, what must be 

stressed here is that to reconcile comfort effectively doesn’t necessarily mean ‘operating the 

Passivhaus to its best performance’. Not every household has this intention, but examples 

have shown that the gaining of comfort and efficiency are not mutually exclusive. The 

research has up to now demonstrated a complex picture of Passivhaus living in relation to 

the concept of ‘home comfort’ and that ‘operating a Passivhaus efficiently’ is merely one 

part of the responses of occupants that are conditioned by a specific set of priorities in home 

comfort.  

Condition 1: Prefiguration – minimise discomfort by designing for adaptive opportunities 

For house owners that participated in the design process, the pre-configuring of comfort 

was largely achieved by way of ‘virtual living’ as part of the design and construction stage. 

Both physical and social comfort were carefully considered and reflected in the designs. The 

layout, orientation, material and glazing are a consideration of the requirements of a 

Passivhaus and snapshots from their daily lives. As a result, the multifaceted comfort was 

then broken down and prioritised. Personalised comfort was prefigured into design to 

minimise any unforeseen discomfort and reconfigured through living to resolve comfort 

issues. 

For occupants not involved in the design phase of the Passivhaus project, engaging in 

the design of fit-for-purpose individualised home comfort was out of the question. It was 

thus realised through a refiguring of the architectural language and technical system. 

However, prefiguration is just as relevant for these occupants as it is for the self-builders, if 

not more so. The design of architectural space and a technical system requires more attention 

to support a reconfiguration for the prospective tenants/buyers to achieve individualised 

comfort.  

Among the main discomforts identified in the previous process, every issue has to a 

great extent conditioned the design and delivery of the specific Passivhaus project. The 
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following will expand on each issue (overheating, technical control, temperature variation, 

and adaptiveness of layout) in relation to ‘prefiguration’ – the design and delivery of the 

project. In resolving discomforts and reconciling comfort, observations were made to 

identify adaptive opportunities provided by the design of each Passivhaus project. For 

instance, in controlling one of the major discomfort of overheating, the adaptive design 

elements include the design of shading, natural ventilation and internal heat reduction.  

It was noted as early as the pilot study that the effectiveness of external shading was in 

question. In the case studies, external shading devices are installed in the majority of the 

households to control overheating. For instance, the HA project has a brise-soleil over the 

double-storey glazing area on the south side of the building. This was used moderately to 

shade high-angle sun. The LA project was designed to have a metal balcony on the first floor 

to provide shading for the ground-floor windows, with a similar strategy applied in the CR 

project. The HI project uses external venetian blinds that are controlled by a weather station. 

The external blinds close automatically if the detected outdoor temperature rises above 24 

degrees. Deep window reveals and roof overhangs were also used quite commonly in most 

of the case studies. The shading devices used also included internal blinds and/or curtains 

installed post occupancy in every case study for the purpose of adding both shading and 

privacy. The integration of various shading devices in each project appeared to be aimed at 

moderating and eliminating overheating issues; however, the actual observations revealed 

otherwise. In terms of effectively controlling overheating, the effectiveness of the shading 

devices employed is more important than simply having a variety installed. However, 

depending on a variety of factors, such as wind condition, sun angle and the knowledge of 

the occupants, not all external shading devices have been used effectively.  

For instance, in the PL project, as the occupants did not understand the function of the 

shading, they never used it to control overheating. Similarly, in the HI project, the external 

blinds, which were the only means by which the occupants could control overheating, were 

used only occasionally due to the prevailing windy conditions. On the other hand, in the HA 

project, it was suggested by the occupants that the brise-soleil installed was effective in 

shading most of the summer sun. However, it was insufficient to provide enough shading to 

control the sunshine in early and mid-summer. The temperature was especially high in the 

afternoon during such times to the point that it was described as ‘unbearable’ by the 

occupants. Thus, the external shading in each of these three projects does not effectively 

serve its design intention.  
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Meanwhile, internal shading devices such as blinds or curtains have been adopted in all 

projects. The effectiveness of these devices for controlling indoor temperature was proved to 

depend largely on the proper installation of the shading as well as on the behaviour of the 

occupants. It was observed that the design details of window blinds can play an important 

role in supporting the occupants’ behavioural adaptation to control overheating. Two 

examples are selected from the case studies as shown below. In most of the case studies, 

classic ‘tilt and turn’ windows are used as openable windows. This type of window features 

two methods of inverted opening. Both opening methods are difficult to use in conjunction 

with a traditional installation of curtains, and they are even more difficult to use with blinds. 

This means that natural ventilation cannot be achieved at the same time as shading. This can 

be a particular problem for Passivhaus in the UK as shading is needed from the low-angle 

sun during long summer days, while cool air is also needed in the mornings and evenings for 

ventilation. The window detail in the SL project has further restricted the options in the way 

that the tilted roof prevents the installation of a curtain rail. However, a more considerate 

design in the HA project has achieved a better integration of shading and natural ventilation. 

The design has attached the blinds directly onto the ‘tilt and turn’ window frame, so that a 

tilted opening is not disrupted by the drawn blinds. 

  

Figure	7.2:	SL2	window	-	blinds	detail	 Figure	7.3:	HA	window	-	blinds	detail	

Therefore, it can be observed that the control of overheating using shading devices 

depends to a great extent on the environmental conditions and also on the occupants’ 

behaviour. The effectiveness of either external or internal shading needs to be considered in 
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the design phase in relation to the prevailing weather conditions, window detail and the 

occupancy.  

Natural ventilation using windows on both sides of the house is regarded by all 

occupants to be the most effective way to control overheating and the most preferred way to 

ventilate. However, it is worth repeating that in order to sufficiently control overheating by 

natural ventilation, cross ventilation needs to be designed in conjunction with proper control 

activities practised by the occupants. In this research, several cases can be listed as examples 

of such a design feature, including cases CR, FO and HA, as well as the DO project. The 

overheating problems in these projects were resolved through effective ventilation, with the 

support of fair cross ventilation and, wherever possible, stack ventilation design and an 

active adaptation of behaviour in controlling the windows.  

Taking the FO project as an example, it can be seen from the plan of the FO house that 

openable windows and glazed doors are located on both the north and south sides of the 

building, with open spaces in between. The double-height space in the centre also provides 

opportunities for stack ventilation. The occupants of FO also specifically experimenting with 

different ventilation strategies and suggested that relying purely on MVHR to control 

summertime temperature was not sufficient. 

 

 

	

Figure	7.4:	Ventilation	diagram	of	FO	project	
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On the other hand, for projects that have responded to the effect of overheating with 

technical equipment, the idea that a wood burner would easily lead to overheating in the 

house has prevented some households from having the stove as a traditional focal point. The 

emerging issue of excess heat from technical equipment requires the design and construction 

of a Passivhaus to more thoroughly consider the location and duct length of MVHR, heating 

and hot water equipment. For a relatively big house with a linear plan, such as the SA 

project, the utilities are placed at one end of the house. The MVHR duct and hot water pipes 

needed to be insulated so that the farthest bedroom (north facing) obtains enough heat from 

the post heater to bring the temperature up to 18 degrees. On the other hand, in the LA 

project with a very compact layout, the thermal tank was placed under the stair landing. In 

such a compact layout, the heat generated by the thermal tank increases the indoor 

temperature effectively. The thermal tank and ducts needed to be heavily insulated to control 

overheating. 

 

 

SA Ground floor plan 
LA1 Ground floor plan and service 

diagram 

Table	7.2:	Comparison	of	technical	system	position	and	duct	length	between	the	SA	and	LA	projects	

The issue of excess heat being generated by equipment is also reflected in the design 

decision of whether or not to have a traditional fireplace. Three households mentioned their 

disappointment at not being able to have a fire as a focal point (LA2, HI, ST). Similarly, the 

households that installed a wood burner despite the risk of overheating realised the 

effectiveness of the fire, and in turn adapted their behaviour to light the fire less often, or 

they moved seating areas away from the fire (DO1,2,3,4, FO, HA).  
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In relation to the second discomfort of technical control problems, it was observed that 

the accessibility of the control panels affected the control activities. One obvious example 

can be found in a comparison between the DO and SL households. In the DO project, all 

control panels are positioned in the kitchen area to provide ease of access for the occupants. 

The immersion heater switch was intentionally tucked away behind shelves by the DO4 

occupant to discourage its frequent use. In the SL project, the MVHR control panel is located 

inside a dark cupboard along with the MVHR unit. During the site visit, it was difficult to 

read the control options and perform operations on the panel. This was pointed out by the 

occupants as an issue related to their dissatisfaction. 

The effort made in achieving a slight temperature variation is reflective of a one-

dimensional thermal neutrality not being sufficient to satisfy the complex requirements of 

comfort for both physical and social reasons. The two methods adopted by the occupants in 

this research to either install a partial backup heating system or arrange the layout for a 

desirable distribution of heat can be regarded as a behavioural adaptation process. The 

occupants have neither followed their old ways of living nor completely changed their 

preferences or behaviours following their change of housing type. The adaptation was shown 

as a new direction of lifestyle with a balance between the established old way of living and 

the demands presented by the characteristics of the Passivhaus. The two methods have 

proved to be equally effective from both an architectural and technical perspective, and the 

occupants expressed satisfaction with the temperature variations they achieved as a result of 

their own alteration.  

The last issue regarding the adaptiveness of layout and interior is relevant specifically 

to Passivhaus buildings in the private or social rental sectors. Depending on the type of 

tenure, there may be a relatively frequent turnover of tenants. The adaptability of rented 

properties for a variety of tenants has always been an issue of discussion in the social 

housing sector, with the issue being of particular importance in the context of Passivhaus 

properties. Firstly, the specially designed building envelope needs to be protected from any 

possible penetration occurring as a result of tenants’ own DIY work. And, because of the 

sensitivity of the Passivhaus built environment, interior fittings and appliances need to be 

selected for their ability to complement the built environment. For instance, the choice of a 

timber floor or carpet can potentially result in variations to indoor temperature. Also, the use 

of a tumble dryer is not advised due to the required increase in extra ducting. In this research, 

effort was made by the housing association in the SL case to prevent the envelope of the 

building from being compromised by its interior fittings. However, as a result, the occupants 
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found it difficult to personalise the interior space and lacked any proper guidance and 

instructions to do so. On the other hand, the occupants of the DO project were advised not to 

affix nails to the external walls. In the second site visit to the DO project, the DO2 household 

had recently moved out, with marks left by nails found on the external wall. 

Secondly, the ability to personalise interior space and have a certain amount of freedom 

to arrange furnishings to suit an individual’s lifestyle and domestic activities also affects the 

occupants’ perception of comfort and their ability to reconcile comfort. This is not an issue 

specific to the Passivhaus typology; however, as previously argued, life in a low-energy 

house could potentially be changed by a particular set of environmental factors. This is 

especially true for Passivhaus occupants, for whom a new set of ‘routine of knowing’ is 

expected. Provision for such change needs to be considered as part of the design. The 

following table compares the open-plan living space of the LA project and the plan of the SL 

project. The LA1 occupant appreciated the open-plan living space, but the SL1 project, on 

the other hand, is more rigid in terms of its layout. The living room has four doors that open 

in, making it harder to arrange furniture. The actual arrangements are only slightly different 

from those shown in the planning drawings (with a bigger sofa) conducted by the architects. 

   

LA1 ground floor plan SL1 floor plan (ground) and interior fittings 

Table	7.3:	Comparison	of	the	layouts	of	LA	and	SL	

Meanwhile, a flexible living space has also enabled a change of focal point in the DO 

project, as mentioned previously. 
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Thirdly, in the PHPP software, internal heat gain (IHG) is calculated on a per person 

basis, and the household size is calculated with a fixed occupancy of 35m2/person (Lewis, 

2014). However, it was noted by Lewis that ‘in reality occupancy rates vary from 

20m2/person to 140m2/person so particularly small or large buildings often do not correlate 

as well with the PHPP standardized data’ (Lewis, 2014 p.175). In this study, the occupancy 

ranges from 20.6m2/person (DO2) to 148m2/person (PL pilot study). It is suggested that ‘if 

occupancy is likely to be higher than 35m2/person’, then the overheating percentage with 

design occupancy needs to be checked (Lewis, 2014 p.150). The uncertainty of household 

size particularly needs to be addressed in the social rental sector in order that the Passivhaus 

is less prone to overheating. The PHPP should include provision for changes in user in the 

future, which means the number of occupants should be calculated using a range as opposed 

to a single figure.  

Condition 2: Technical support – reconciling comfort with information and knowledge 

As discussed, all Passivhaus occupants acquired Passivhaus knowledge through a 

learning process that began prior to them moving into a Passivhaus and continuing into the 

post-occupancy period. Their knowledge may have been acquired either through an active 

process, such as reading blogs by existing Passivhaus owners or books on the building of a 

Passivhaus, or attending open-house events or housing exhibitions; or via conversations with 

professionals including architects, Passivhaus professionals and officials from housing 

associations. It has become evident that all the different types of occupants in this research 

required a learning period to either develop or improve their knowledge of operating a 

Passivhaus system. 

A learning curve was observed in almost all the projects. The time duration of this 

learning curve ranged from between three and nine months, with one exception occurring in 

the SL case study. As early as in the pilot study, the knowledge required to operate the 

Passivhaus service system was considered to be an important factor relating to both the 

occupants’ perception of comfort and their behaviour. However, later case studies have 

shown that knowledge alone does not necessarily determine the interaction between the 

occupants and the service system. More importantly, a certain time period during post 

occupancy is needed to allow occupants to explore and try out such knowledge. It was 

observed in this case that by the time of the first interview, both households had been living 

in the premises for three months. The SL1 occupants had not actively experimented with the 

control of the heating and ventilation due to a lack of information, whereas the SL2 occupant 
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had explored the control system guided by his own professional knowledge. However, it was 

observed for both households that no effective knowledge was gained in terms of 

understanding the Passivhaus. Due to a lack of support and information from the housing 

association and Passivhaus professionals, the occupants’ knowledge level remained at the 

same level as when they first moved into the building.  As part of this learning curve, it is 

crucial that occupants receive adequate information and support from specialists and that 

such information is communicated effectively. As the SL occupant suggested, ‘we would be 

much happier if we knew more about the house’. Information provided on the Passivhaus 

control system and on the role played by the housing association is vital for evaluation of the 

Passivhaus.  

Furthermore, the notion of ‘you can’t be lazy living in a Passivhaus’ was repeatedly 

mentioned (DO, FO, CR, LA). This suggests the act of adaptation is conditioned by whether 

the occupants are interested in and willing to learn, change and adapt to a new routine of 

living. This adaptation was demonstrated as behavioural and psychological changes, though 

in a few cases it was also accompanied by an adjustment or reconfiguration to the 

architectural or technical systems. Another prevailing thought among the occupants was the 

high regard in which they hold the automatic control. For the more technically minded 

occupants, such as those in the SA, HI and TO projects, fascination with the automatic 

control has led to a system in which the occupants play a minimal, largely passive, role. ‘Set 

it and forget it’ appeared as an aspect of comfort. In these cases, reconfiguring the technical 

system got more attention than any active adaptation of behaviour and lifestyle. 

Indeed, the Passivhaus system differs from that found in conventional buildings, 

additional information is needed from the occupants’ perspective. Whether the information 

was successfully acquired, communicated and utilised in occupants’ daily lives affected the 

act of ‘reconciling comfort’ to a great extent.  

In those cases where this information was less successfully delivered to the occupants 

in a way that left them feeling ‘not in control’ of the home environment (PL, ST, SL). the 

collective problems regarding the technical support in post occupancy can be summarised as 

1) a lack of communication and support; and 2) collective ideology of the community 

Case SL is an obvious example with which to demonstrate the importance of effective 

(or, in this case, ineffective) communication of information. The hasty demonstration of the 

Passivhaus system and the overcomplicated information badly presented in a thick handbook 

led to confusion on the part of the occupants.  
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Similarly, continuing this confusion into occupancy, the occupants were inevitably 

confronted with discomfort and problems. In order to understand the system, the occupants 

could either choose to experiment themselves, as the SL1 occupants did, or seek help from 

housing associations/architects, as was the case with the SL2 and PL occupants. Although 

both actions require direction and support from a professional body, as can be observed in 

the DO project, the maintenance and support received by the occupants was of great 

assistance to them in terms of enabling them to reconcile comfort, and, more importantly, it 

contributed to the formation of a collective learning process where the knowledge bases of 

both the occupants and the housing association were expanded. One other thing mentioned in 

the conversations with the baffled SL occupants was the uncertainty of the consequences of 

their actions. Since they had yet to receive any energy bills, they felt their operation of the 

system was not guided by any standard. In contrast, the almost folkloric story of ‘the lady 

who never lit the fire’8 circulated around the DO project and played a significant role in 

informing the consequences of ‘mal-behaviour’. By making energy consumption transparent 

and accessible in a Passivhaus neighbourhood, behavioural and psychological adaptation can 

be successfully processed, which brings the analysis to a further condition that has a 

significant impact on this procedure; the role of community. 

Commonly reflected in social housing Passivhaus projects, the community plays an 

important role in the development of Passivhaus knowledge, providing support and creating 

a base for information sharing. This is also true with regard to isolated single-family 

Passivhaus homes. Several of the occupants in this research suggested they were actively 

engaged in online forums and Passivhaus open-day events to share their lived experience at 

the same time as learning from others. As discussed in chapter 5, the context of Passivhaus 

ideology varies from household to household. The opportunities that exist for sharing both 

practical information and the ideologies of Passivhaus within a community, however, have 

to an extent reinforced the core of the Passivhaus concept, where the actual Passivhaus 

system is only one part of sustainable living. The role of community is also closely linked to 

the next phenomena of Passivhaus living, that of co-evolvement, which will be discussed in 

the next section. 

Result: Routine of knowing (or not knowing) 

Regardless of the occupants’ level of enthusiasm or technical-mindedness, evidence 

gathered from all of the interviewees with at least one year of occupancy reveals that the 

                                                        
8 See DO case study in chapter 5 
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process of reconciling comfort reaches an equilibrium point with the progression into post 

occupancy. By this stage, the Passivhaus system has become embedded in the home 

environment and the prioritised comfort has been achieved. Adaptations, reconfigurations 

and compromises have been made to reform a set of routines enabling occupants to live 

comfortably in the new house. The active process of ‘reconciling comfort’ then fades into the 

background of occupants’ everyday lives, with no active effort typically made until further 

problems occur. The consequences of this process thus become a routine of ‘knowing what 

to do’ and ‘knowing what to know’, which denote behavioural adaptation and psychological 

adaptation, respectively. This routine of knowing reflects not only the occupants’ knowledge 

level in relation to the Passivhaus, but also the level of confidence, patience and willingness 

they have developed in operating it. However, this change is in some cases necessary to 

resolve discomfort, such as to prevent overheating, while in other cases it is a matter of 

choice, such as whether to operate the system to a high degree of efficiency.  

To elaborate further, having examined how the two core categories in Passivhaus living 

revolve around the idea of ‘home comfort’, there are questions that remain unanswered. The 

lived experience here has been shown to be a process of dynamic equilibrium, in which 

‘home comfort’ has gone through a process of receiving comfort where discomfort is 

identified and reconciled with reconfiguration and adaptation. On the other hand, another 

strand of adaptation occurs in the occupants’ daily lives, such as ‘not putting the washing 

machine on when the sun is out’ or ‘being more aware not to turn the heating on’ or a self-

designed schedule for heating the water to the temperature required for specific needs. These 

actions hardly reflect a response to ‘discomfort’ per se. Rather, they are suggestive of a shift 

in ideology, a slowly formed understanding of sustainable living, and the beginning of a 

transformation process. A parallel can be drawn between the pair that consists of the 

residents and their homes and a pair of interacting living organisms in a confined natural 

environment. Changes happen in one species lead to adaptation and evolvement emerge in 

its pairing organism. With a developed set of habits, knowledge, attitudes, ideologies that 

formed a new routine of living, the occupants progressed to adopt a more sustainable 

lifestyle as a result of the evolved housing typology. Under this context, it can be suggested 

that the occupants ‘co-evolved’ with the Passivhaus system. In other words, other than 

acquiring comfort, the growing ambition and effort that some of the Passivhaus occupants 

put into the daily operation of their Passivhaus to increase energy efficiency, in order to 

operate the Passivhaus to its best performance or even to a level that exceeds it, are 

suggestive of the opportunities that the Passivhaus methodology can provide in terms of a 

broader idea of sustainable living. 
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6.1.4 Summary 

Looking back at the statement ‘we enjoyed it, mostly’, the above analysis has 

deconstructed and reformed the sentence in terms of its contexts, conditions, processes and 

results. Two processes of Passivhaus living have been identified to demonstrate that the 

word ‘it’ represents not only a static built environment and the comfort that the Passivhaus 

system provides but also the process of learning, personalising and making adaptations to 

actively inhabit the house. To state ‘enjoyed’ is an evaluation of the whole process of 

receiving and reconciling comfort in the Passivhaus along with the co-evolvement between 

the occupants and the Passivhaus system. The word ‘mostly’ reflects the difficulties the 

occupants encountered during the processes and how successfully they have managed to 

adapt. In a way, the process of ‘reconciling comfort’ determines the occupants’ ultimate 

evaluation of the Passivhaus. The practised comfort therefore represents a more important 

value provided by a new housing system than its passive comfort. The processes of 

reconfiguring and adapting to this new system are central to Passivhaus living. 

The next section discusses the final category of ‘co-evolvement’ in order to integrate all 

of the categories more closely and to further crystallise the substantive theory for explaining 

the experience of Passivhaus living. The analysis also endeavours to explore the conditions 

for ‘reconciling comfort’ that contribute to a desirable progression of ‘co-evolvement’.  

6.2 Selective coding: Towards co-evolvement 

Having realised the central role played by the process of ‘reconciling comfort’ in the 

occupants’ daily experience of Passivhaus living, the lived experience of each household and 

their behaviour related to energy use can be connected in a comprehensive narrative. The 

chain reaction of evaluating comfort => achieving comfort has explained reasonably well the 

first phase of inhabiting a Passivhaus. And depending on the active role played by the 

occupants in the process of reconciling comfort, the performance of the Passivhaus appears 

to differ among the different projects. The process of ‘reconciling comfort’ is conditioned by 

the adaptive opportunities provided by design and construction, as well as by the occupants’ 

degree of access to information and support regarding the new technical system. The case 

studies have also proved that the individuality of each household, the occupants’ attitudes to 

technology and their professional background do have some influence on the reconfiguration 

and adaptation processes during the post-occupancy phase. However, such conditions are 

highly related to the information and support available and may be influenced and changed 

with good access to technical support and maintenance services.  
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On the other hand, contrary to common belief, the case studies have suggested that the 

reason for choosing (intentionally or unintentionally) to live in a Passivhaus does not 

necessarily affect the way occupants’ adapt their daily habits and lifestyles to suit such new 

types of living. Rather, the occupants’ opinions and attitudes towards the Passivhaus and the 

ways in which these have changed are to a great extent the very result of living in this new 

typology of housing. Especially for the self-build Passivhaus owners, the design and 

construction phase as well as the lessons learned from this experience have made an impact 

on their Passivhaus and sustainable living ideology. When considering the category of 

‘Passivhaus ideology’, i.e. the reason why people choose to live in the new housing type, 

and their attitudes, the occupants’ opinions of sustainability seem to represent a deeper 

connection with their experience of Passivhaus living. This connection was reflected in the 

way their opinions of the Passivhaus and sustainability change in their ideology and daily 

lives after living in a Passivhaus building. This change reflects an ‘evolved meaning of 

Passivhaus’ in different households. This change of ideology represents the occupants’ self-

reflection on their experience of receiving and achieving comfort in post occupancy, and, in 

the self-build cases, the design and construction phases of the house.  

This research has observed that a majority of the Passivhaus residents have developed a 

positive shift of ideology towards a more environmentally conscious mindset. This shift in 

ideology has consequently motivated the occupants to be more aware of their energy 

consumption and to carry out further adaptation and reconfiguration to establish a new 

sustainable lifestyle.  

The psychological adaptation of Passivhaus living has provided the possibility for the 

occupants to achieve ‘co-evolvement’ and to establish new sustainable norms and 

behaviours. This new development and possibility has suggested a greater benefit that can be 

provided by Passivhaus typology. This section will examine this possibility of sustainable 

living provided by the Passivhaus. In doing so, the ‘final integration’ (Corbin & Strauss., 

2008) can be reached and a theoretical framework can be established. 

The analysis of the case studies conducted thus far has attempted to remain as close to 

the interview data as possible to reflect the focus of the occupants’ Passivhaus experience. 

As a result, the analysis and emerging categories revolve around the idea of ‘home comfort’. 

The concept of ‘sustainable living’, on the other hand, is seldom mentioned. The root of this 

can be traced back to the condition of Passivhaus ideology discussed previously. The three-

fold ideology of the Passivhaus occupants – balancing comfort and cost, right way forward 
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and good way to live – is not adopted equally, depending on each household. The Passivhaus 

system was considered solely as an energy performance standard and, more often than not, 

the effort made by researchers and practitioners has been to ensure that the performance 

standard could be effectively attained through the design of the house. However, it was 

increasingly acknowledged that occupancy behaviour has a significant effect on the 

performance of low-energy buildings, including the Passivhaus. Therefore, to stress the 

performance standard of the Passivhaus alone is insufficient for resolving the issue of the 

deviation between predicted and actual energy use. In fact, the concept of sustainable living 

achievable via the Passivhaus is implied in the intention of the Passivhaus concept, even if it 

is not necessarily implemented as part of every Passivhaus project. As observed from this 

research, however, pre-formed ideas of the Passivhaus, and the occupants’ attitude towards 

the issue of sustainability, do not necessarily determine whether the house is operated 

efficiently, nor do they give rise to or form obstacles for more behaviours and norms of 

sustainable living. This notion can be elaborated with some examples from the case studies. 

The fairly environmentally conscious TO occupant displayed a shift of ideology, from ‘nice 

to live in response to the weather’ to thinking ‘making sure to light the fire’ was 

inconvenient, and this occupant went on to install an automatic electric heater instead. On 

the other hand, despite the FO occupant admitting that the very reason for building a 

Passivhaus was to balance energy cost, she experienced changes in her behaviour and 

ideology in post occupancy, concluding that the Passivhaus had made her more ‘eco, more 

green’. As previously presented in the case study, she has installed a thermometer to monitor 

the hot water tank in order to heat the water more efficiently. In her own words, ‘it’s an 

amazing house, but let’s make it perform to its best’. Similarly, for the DO1 occupant, 

without any preconception of the embedded sustainable measures of the Passivhaus, her 

behaviour has changed dramatically and suggesting that it had failed to do so would ‘defeat 

the idea of Passivhaus’.  

The concept of ‘co-evolvement’ thus emerged from the interview data as a third stage 

of the Passivhaus lived experience. The evolving ideology and sustainable behaviour seen in 

the Passivhaus occupants is evidence of co-evolvement. Co-evolvement in the context of this 

research represents the dynamic balance between the inhabitants and the Passivhaus system. 

It stresses the value of the Passivhaus as an opportunity for living a sustainable lifestyle in 

which the occupants adapt to, adjust and operate the system to achieve its best performance, 

at the same time as re-examining sustainability as a whole. Through post occupancy, the way 

in which comfort is perceived and how discomfort is responded to, the consequences of the 



 

 216 

first two stages – receiving comfort and reconciling comfort – constitute the conditions 

required for the process of ‘co-evolvement’ to occur. 

It was discussed that for those who had commissioned and built a Passivhaus, the idea 

of it developed gradually in their minds from a concept to reality, whereas the tenants/buyers 

had a relatively shorter period in order to become familiar with the concept. However, for 

both sets of occupants, the idea of the Passivhaus was somehow one of ‘experimenting’. 

This perception led the self-builders to include extra backup heating, the housing association 

to limit tenants’ opportunities for control and the tenants/buyers to either embrace and adapt 

to the experiment or reject the idea altogether. This preoccupied (literally) perception is 

evolving as the reality of living happens. It either becomes some formalised ‘scepticism’, 

such as being sceptical about the feasibility of the Passivhaus concept in different regions, 

different economic backgrounds or the ability to control overheating in summer, or it 

becomes a confidence in and appraisal of the concept to form a new ‘norm’ of sustainable 

living.  

Controlling the Passivhaus system to achieve its highest level of efficiency requires 

more effort and experimentation than controlling a conventional combi boiler. It magnifies 

the subtlety that exists in the balance between comfort and energy use. Due to the absence of 

radiant heat as a real-time feedback mechanism, the Passivhaus system requires more 

patience in controlling the MVHR to fine-tune the indoor environment. It also reinforces this 

behaviour and related knowledge by providing a stable environment with less fluctuations in 

temperature. On the other hand, since the Passivhaus has been proven to have the ability to 

reduce energy use for space heating to a great extent, the occupants have started to focus 

more on electric and lifestyle-specific appliances. When asked if they knew the best ways in 

which to further reduce their energy consumption, the occupants’ answers focused on 

activities involving use of the electric oven, washing machine, computers, hairdryer and 

television, etc. From this point of view, the energy efficiency of the Passivhaus system 

emphasises the lifestyle choices involved in energy consumption.  

6.3 Triangulation: Co-evolved mental image of Passivhaus  

In Chapter 4, quantitative data including household characteristics and architectural 

properties were collected and compared against the occupants’ evaluation of comfort and 

energy use for each household. The comparison indicates a positive relationship between 

energy use and the treated floor area with a correlation coefficient of 0.78. Moreover, energy 
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consumption shows a relatively high correlation with occupants’ evaluation of comfort 

aspects. Specifically, the aspects are layout, heat+air+light and style. Energy use is also 

positively correlated to the number of positive lifestyle changes perceived by the occupants. 

In other words, a greater number of changes to lifestyle that were considered positive led to a 

decrease in energy consumption in the house. In the qualitative correlation, this result firstly 

confirms the importance of architectural design in relation to occupants’ comfort evaluation. 

More importantly, it confirms that positive habit change resulting from the Passivhaus 

design contributes to occupants’ satisfaction with regard to comfort and decreased energy 

use.  

Additionally, it was concluded in the quantitative correlation that the ideology of the 

occupants towards Passivhaus and the knowledge levels of the occupants correlate to 

comfort evaluations. Analysis of the interview data further proved the relevance of these two 

factors. Passivhaus ideology and Technical support are conditions of Receiving/Reconciling 

comfort. Moreover, the examination of Prefiguration in the qualitative correlation reveals 

other important design variables such as the W/F in each room, the effectiveness of shading, 

provision for natural ventilation, the accessibility of control panels and the position of the 

service system in relation to comfort evaluation. 

It has been concluded from the quantitative data analysis that the result of the factor 

correlation indicates a two-dimensional system. The first dimension – physical interaction – 

is reflected in the overheating problem as well as in the design of the control interface of the 

technical equipment reported in the interview. The second dimension – the mental image of 

Passivhaus living – is a reflection of the variety of occupants’ preference of indoor 

temperature, preference of layout. It also includes comfort traits such as domesticity, leisure 

and ease that can hardly be quantified. The desire for individual control and slight variations 

in temperature between rooms is a reflection of a mental transition to a more leisurely 

environment. The desire to personalise the interior reflects even more aspects of privacy, 

layout, leisure and ease. The Passivhaus ideology and energy consumption correlate to both 

groups of comfort attributes and achievements. 

More interestingly, a deeper examination of the mental image of Passivhaus living 

offers an insight into the transformation of architectural elements in light of the Passivhaus 

typology. It can be observed that traditional notions of the built environment, including its 

components, were re-imagined through a new style of living. This evolved meaning of 

architectural elements in the Passivhaus reflects the ever-changing concept of comfort and 
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the socially constructed, very individualised domestic lives. This evolvement is also part of 

the co-evolvement stage. In contrast to the analysis contained in Chapter 4, where the main 

emphasis was on site environmental factors and architectural features, the sociocultural and 

sociotechnical side of comfort is the real focus of the interviews with the Passivhaus 

occupants. That is to say, the thermal environment was perceived as a way to achieve 

comfort from a social perspective. Similarly, the architectural and technical elements 

optimised to achieve the best energy performance have not been evaluated as a reflection of 

energy consumption, but rather as a set of behaviours, habits and lifestyles in relation to 

them. Hence, as the concept of comfort has changed throughout history, so the architectural 

and technical elements that deliver such comfort have shifted in meaning accordingly to 

reflect the change. 

Rapoport (1969) examined previous attempts to explain the forces that create forms of 

architecture. He examined theories which were referred to as ‘physical determinism’, 

including ‘climate and the need for shelter, materials and technology, and site’ (Rapoport, 

1969 p.18). Rapoport went on to criticise such ‘physical determinism’ using examples that 

suggested a more symbolic approach to form-making than a utilitarian approach, concluding 

that both physical and cultural factors towards forms of architecture merely represent 

‘possibility’ as opposed to inevitability (Rapoport, 1969 p.45). His research consequently 

suggested that the primitive house form is the result of ‘a whole range of socio-cultural 

factors […], [and] is in turn modified by climatic conditions, […] construction, materials, 

and technology’ (Rapoport, 1969 p.47). ‘Buildings and settlements are the visible expression 

of the relative importance attached to different aspects of life and the varying ways of 

perceiving reality’ (Rapoport, 1969 p.47). He suggested that the forms of buildings and 

settlements are an expression of shared value, and represent the aim for an ideal 

environment.  

The Passivhaus, for example, uses triple-glazed windows with very low U-value 

material, which makes it stand out from conventional buildings. The embedded 

characteristics of such windows, such as their positions and sizes, as well as the built-in 

mechanism of opening (whether it can be opened, outward opening or inward opening, etc.) 

are predominantly designed from a mathematical and numerical perspective. It was noted 

that ‘window frames help to define the limits of what is to be seen, to create different habits 

of looking and perception and also to reframe the viewer as viewing subject’ (Racz, 2015 

p.32). The functions of such windows remain in the aspects of light, view, ventilation, sound 

and temperature. In a Passivhaus, however, the use of these windows to create a different 
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indoor environment appear to be more important in some aspects than in others, and, above 

all, than in any conventional houses. Leaving a window open during the night would result in 

little difference to energy consumption in a conventional house, whereas the habit would 

significantly alter the thermal environment in a Passivhaus. Similarly, the opening of 

windows is in many cases used as a strategy for ventilating the house in order to achieve a 

desirable temperature and prevent overheating. The psychological side of having windows 

open during the night, or of opening them first thing in the morning, has become a necessity 

for keeping physically cool during a hot summer. Curtains or blinds that were used for 

defining a more blurry boundary between inside and outside, or for indicating the time of 

day, have become a definitive means to control overheating. Perceptions towards these 

objects have changed with different ways of living. 

The positions and sizes of windows have also been designed firstly in terms of designed 

solar gain, then carefully considered in relation to the rooms. In many cases, there has to be 

some kind of compromise between maximising solar gain and minimising heat loss at the 

same time as offering a good view and maintaining privacy. 

Walls, on the other hand, have a separating role. This separation in external walls 

means a separation between a protected indoor environment and the outside climate. This 

function of the external wall is especially evident in the Passivhaus typology. However, for 

internal walls, the separation is between different rooms, where different activities and a 

slight variation in temperature can be maintained. This research suggests an adaptive layout, 

where personalisation can be made to the interior based on a transition process from a 

traditional house to a Passivhaus. Interior fittings such as carpet/timber flooring, 

curtains/blinds and the arrangement of furniture in relation to heating devices in the 

Passivhaus affect the thermal environment of the interior to a much greater extent than in a 

traditional house. The internal walls, floors and layout design all play a role in shaping the 

delicate internal thermal environment. Similarly, because of the type’s efficiency in terms of 

retaining IHGs, electronic equipment such as computers, television and ovens that all 

generate heat effectively themselves become ‘heaters’ in the Passivhaus. The amount of heat 

generated by this type of equipment would otherwise be undetectable.  

The mental image of Passivhaus living is shaped by changes in the meaning of 

architectural and mechanical objects. The evaluation of comfort acts as an indication of the 

design of these objects. Physical interaction with these objects constitutes a change of lifestyle, 
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and the sense of a positive or negative change of lifestyle is reflected in the process of 

reconciling comfort.  

 

Figure	7.5:	Diagram	connecting	quantitative	correlation	with	qualitative	correlation	

6.4 Summary 

The analysis has so far integrated all of the categories that emerged from the interviews 

into a narrative. The analytical story of ‘receiving comfort’ via both physical and social 

means and in turn ‘reconciling comfort’ through reconfiguration and/or adaptation was 

repeatedly related by every interviewee. A state of ‘co-evolvement’ has also been reflected 

in some cases, where adaptation processes were successfully integrated and new sustainable 

norms emerged in the occupants’ daily lives.  

Different from previous research where emphasis was given largely to the energy 

efficiency of the Passivhaus, the substantive theory which has emerged from the fifteen 

interviews with Passivhaus occupants in this research reveals a fresh perspective of 

Passivhaus living. Comfort, as a central theme, was constantly discussed throughout the 

conversations. More interesting is the division that occurred in speaking about ‘received 

comfort’ and ‘reconciled comfort’ since this division was not obvious to the occupants, 

especially when the process of reconciling comfort and the difficulties to have occurred as 

part of the process were taken as discomfort, or ‘negative changes’, by some interviewees. 

Through inhabiting the Passivhaus and making it their home, the occupants began a process 

of balancing their established lifestyle with the changes required for living in this new type 

of housing. An imbalance occurs in relation to a variety of aspects involving financial issues, 
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social issues and/or the matter of personal habits and preferences. The central process 

becomes a constant adjustment and adaptation to the house and to the occupants’ daily lives 

until a new balance can be established. It has also become clear that the Passivhaus 

typology, previously and originally regarded as a ‘performance standard’, can potentially 

have more sustainable measures that could bring new environmental-conscious norms to the 

daily lives of occupants. The experience of Passivhaus living as told from the perspectives of 

the fifteen households has portrayed a multifaceted view of living in energy-efficient houses 

which, more often than not, could be observed solely through an examination of energy 

consumption data. The complexity of domestic life suggests that energy efficiency, including 

the associated financial savings, constitutes only one part of the benefits enjoyed by 

Passivhaus occupants. The central issue to low-energy housing and the Passivhaus in the 

residential sector remains the establishment of home comfort and lifestyle. The 

overemphasis placed on the energy efficiency of the Passivhaus typology has overshadowed 

the importance of a bigger ideology of sustainable living embedded in the Passivhaus and in 

low-energy housing in general. Thus, the sustainable lifestyle that could potentially be 

achieved by a new building typology is not fully realised.  

Adaptation made by the occupants in the process of ‘reconciling comfort’ is an 

important action that determines the establishment of new social norms. It derives from the 

evaluation of the ‘received comfort’ and discomfort in the Passivhaus, and it affects how 

well and easily the occupants adopt a new ‘routine of knowing’. It also has an impact on the 

direction of the ‘evolved meaning of Passivhaus’ and on the occupants’ willingness and 

effort required to adapt in order to achieve a state of ‘co-evolvement’. The process of 

‘reconciling comfort’ is the core category in the experience of Passivhaus living, and co-

evolvement is the potential outcome should the concept of Passivhaus typology be fully 

realised. Whether the new sustainable norms can be successfully integrated into Passivhaus 

living largely depends on the adaptation process willingly practised by the occupants to 

reconcile comfort as well as the support and information provided by professional bodies. 

The design and delivery of the Passivhaus, on the other hand, plays a vital role in providing 

such adaptive opportunities for new sustainable norms to emerge.  

The open coding analysis has provided a narrative for depicting each Passivhaus 

household in chronological order. It begins with the emergence of the Passivhaus concept, 

moving through occupancy up to the extent of ‘co-evolvement’ that can be identified in each 

household. Accompanying the interview analysis were the corresponding architectural 

properties and service system of each household, where the qualitative and experiential data 
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were reflected on the physical built environment. Those two sets of data were correlated and 

compared with the aim of, firstly, examining the aspects of architecture and technology in 

the Passivhaus relating to discomfort in the occupants’ daily lives, and, secondly, how those 

features of Passivhaus affect the adaptation process of individual households. Finally, the 

analysis looks at how supportive those features are in relation to the occupants achieving 

‘co-evolvement’. The axial coding revealed two processes to be the major components of 

Passivhaus living – Receiving comfort and Reconciling comfort. Of these, reconciling 

comfort has been proved to be the central category that connects the other themes of the 

experiential data. Selective coding further elevated the theoretical position of this research 

and suggested that the process of reconciling comfort is key to Passivhaus living in the way 

that a state of co-evolvement can be achieved should the adaptation developed to reconcile 

comfort be positively and successfully integrated into the daily routines of the occupants. 

The design and construction of each Passivhaus project largely determine the comfort and 

discomfort that the occupants receive, and it also features opportunities and barriers for the 

occupants to reconcile comfort when discomforts occur.  

The correlational analysis conducted between architectural properties and the interview 

data has shed light on those comfort issues closely related to the design and delivery of a 

Passivhaus. Certain issues that were commonly believed to be irrelevant in design are 

proven to be linked with the design of the Passivhaus and can be improved through 

architectural means. The discussion has further examined the barriers and opportunities 

embedded in the Passivhaus typology in terms of complying with adaptive comfort. The 

result confirms the importance of a holistic design strategy where a variety of adaptation 

opportunities are provided and the behaviours of users are considered in the early design 

stage.  

Triangulation between the quantitative analysis in Chapter 4 and the qualitative analysis 

confirms the validity of the result. The results from the quantitative correlational analysis 

were cross-referenced with those from the qualitative data. The two factors that emerged 

from the preliminary analysis – the physical interaction and the mental image of Passivhaus 

living – are proved to be interrelated with the process of receiving and reconciling comfort. 

The two factors can be both approached and improved from an architectural point of view. 

The discussions later in this chapter reflect back on the rich context of comfort research, 

where the ever-changing meaning of comfort evolves in line with household items and 

building elements. The potential of the Passivhaus system to promote a sustainable lifestyle 

lies within a deeper understanding of such change.  
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CHAPTER 7   CONCLUSIONS 

This research has looked at ten case studies across the UK and conducted fifteen 

interviews using a mixed approach of grounded theory methodology and a case study 

method. The analysis followed the three stages of coding specified by grounded theory 

methodology and was further supported by correlation to an in-depth study of the 

architectural characteristics of each project that were derived using the case study method. 

The qualitative-oriented methodology allowed the research into Passivhaus living to gather 

truly grounded post-occupancy information, from which common themes and threads can be 

pulled together to form categories with greater theoretical value. The following seven 

categories emerged from the analysis: Passivhaus typology, Passivhaus ideology, 

Prefiguration, Technical support, Receiving comfort, Reconciling comfort and Co-

evolvement. These seven categories form a chain of reaction in which Receiving comfort and 

Reconciling comfort are the central processes that ultimately lead to the result of Co-

evolvement. The categories form the narratives of Passivhaus residents with an overarching 

theme of this particular type of energy-efficient building type in a domestic setting. Through 

a focus on each case study project from a specific architectural perspective, the category of 

Prefiguration was accorded more emphasis in terms of pursuing appropriate design 

strategies to best support the processes of receiving and reconciling comfort in a more 

environmentally conscious manner.  

The nature of grounded theory research emphasises the absence of presumptions and an 

extensive literature review on the specific subject area. Research questions are designed to 

be broad and inclusive so that the investigation is not limited by pre-set boundaries. In 

compliance with such a research framework, this concluding chapter aims not only to present 

the findings of the thesis but also to crystallise the research question/(s) as refined and 

specified throughout the research process, to situate the position of this study within a 

specific context of research literature and to confirm the validity of the research 

methodology for this particular research. The chapter thus concludes the research with the 

following sections. The first section examines the research process and summarises the 

theory generated from this research. The second section looks back at the broad research 

question from the beginning of the study, examines the refining process and a number of 

specific questions that emerged during the course of the study. The refined research 

questions thus lead to the main findings of this research. The third section reviews a more 

specific range of literature in relation to the findings from this research in order to position 
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the research into a refined research context so that the advantages of the grounded theory 

methodology can be restated and the research findings further validated. The fourth section 

takes a practical position to indicate the potential implications this research may have on 

various building sectors as well as its contribution to the research community. The final part 

of this chapter discusses the limitations of the research and the future research needed to 

further advance in the subject area. 

7.1 Overview of theory generation  

The research started with a historical review of comfort, the building envelope and 

mechanical service system. Under the context of climate change and sustainability, the 

research focused on a building standard – the Passivhaus standard – that combines a high-

performance external envelope with a high-efficiency ventilation and heat recovery system. 

The aim of this research was to explore the holistic lived experience in this advanced and 

ultra-low-energy housing typology, and to understand this lived experience in relation to 

Passivhaus design from an architectural perspective. With this exploratory investigation, this 

research employed a combined approach of complementary grounded theory methodology 

and case study framework. The data collection and analysis process adopted a constant 

comparative analysis technique specified in grounded theory methodology, in which the 

codes, categories and relationships that emerged from the raw data were subject to continual 

modification and further conceptualisation. The grounded theory analysis therefore 

incorporated an evolving process capable of accommodating alterations and changes as the 

sample pool grew in size.  

The process of theory generation started with the pilot study, where some basic central 

themes, later to be proved, emerged from the interview. Both the length of the interview (two 

hours) and the interview technique (semi-structured) were designed to ensure that the data 

collected in this pilot study were as grounded as possible. The pilot study also provided a 

direction for identifying and comparing Passivhaus households with different occupancy 

types that formed the basis for theoretical sampling.  

In grounded theory, a fixed theory can be reached once all categories have been 

saturated. Glaser noted the importance of theoretical saturation as a sign that the data set is 

complete (Glaser & Strauss, 1967). In research based purely on grounded theory, the process 

of data collection should not end until the point of theoretical saturation has been reached. In 

this research, the case study approach has provided an alternative trajectory towards the 
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completeness of data. The case study approach has ensured that the critical data collected for 

each case are complete and that the result is ‘generalizable to theoretical propositions’ (Yin, 

1994 p.10). In this sense, this research has tested the saturation of the categories within each 

case by conducting a second interview for five of the case studies. The second interview 

provided sufficient evidence that no new category or critical properties of one category had 

emerged and were not included in the previous theoretical framework. However, the second 

interview provided beneficial variations of dimensions for some properties where the 

richness of the theory was increased.  

Seven core categories emerged through the constant comparative analysis method. At 

this point, it is important to acknowledge the researcher’s influence on the definition of the 

core categories. Distinctive from Glaser’s approach, which considers a researcher to be 

completely passive through the process of data analysis to ensure a truly grounded theory, it 

was suggested by Corbin (2008 p.266) that ‘some researchers think [of the main theme of the 

research] only in terms of basic social/psychological process’. In order to describe the 

studied phenomenon such that it is fit for a particular field of study, Corbin noted that ‘[…] 

how a researcher defines the core category depends upon how he or she wants to place the 

emphasis’.  

Hypotheses along with the core categories were being tested and modified as new data 

emerged. Therefore, the finalised theory is represented as a framework rather than a fixed 

statement. This framework describes the experience of living in a Passivhaus. It also 

establishes causal relationships linking Passivhaus comfort with design, lifestyle change and 

energy performance. Under the context of the Passivhaus typology as a new type of housing, 

the two processes of Receiving comfort and Reconciling comfort are conditioned by the 

different Passivhaus ideologies held by the occupants, the design and delivery of each 

Passivhaus project (Prefiguration) and essential Technical support to form a routine of 

knowing. It is only in reaching a high level of co-evolvement that the Passivhaus system 

achieves its potential to contribute to evolutionary change in sustainable housing.  

7.2 Reframing research questions 

 The examination of the historical context of built environmental comfort and 

mechanical service system imbued the research on Passivhaus with a focus on the 

occupants’ experiential data. It also suggested an alternative perspective from which to view 

sustainable housing; that is, not merely as an energy performance machine but one that 
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contains rich social dimensions. In understanding the research context, instead of conducting 

an investigation exclusively into occupant behaviour and energy efficiency, the research 

emphasises the importance of re-establishing the relationship between residents and 

Passivhaus homes and makes an effort to understand this relationship from an architectural 

perspective. 

This research began with a very broad research questions:  

How can lived experience of Passivhaus inform Passivhaus design and 

delivery to create a more sustainable lifestyle? 

This question has been the focus of this research since the beginning of the pilot study. 

The question was subsequently refined and re-specified as the research progressed. From the 

pilot study, the interview data began playing a role in further shaping the interview questions. 

Certain categories and themes were added to the core research question. The evolution of the 

research question itself became an important part of the research. It has become increasingly 

evident that the Passivhaus typology has the potential to promote a sustainable lifestyle rather 

than a simply being a vehicle through which to save energy. The research question focused 

more on a holistic lived experience than stressing energy use. Specifically, the research 

question was refined into several sub-questions during the course of this research: 

1. What is the lived experience of Passivhaus occupants in the UK? 

i) What factors contribute to the lived experience of Passivhaus occupants?  

ii) Can this lived experience be described coherently and inclusively for all 

Passivhaus households in the UK?  

iii) What implications does this lived experience have for the Passivhaus as a 

sustainable housing typology? 

 

2. How can this experience inform Passivhaus design and delivery to create more 

sustainable lifestyle? 

i) How adaptive is the Passivhaus system to overcoming discomfort? 

ii) How can the Passivhaus system be improved to support a more sustainable 

lifestyle? 
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7.3 The findings  

This research has constructed a holistic view for describing Passivhaus living, using 

terminologies from grounded theory. From the review of ten Passivhaus projects in the UK, 

and in line with the research question, the findings are summarised as follows.  

Firstly, ever since the pilot study, ‘comfort’ has been recognised as an overarching 

theme of this research. Discussions of comfort are central to the interviews with every 

occupant of the various projects. It has also become clear that the social side of comfort is an 

important strand for the evaluation of comfort in Passivhaus homes. The lived experience of 

the Passivhaus is to a great extent an experience of achieving comfort through a process of 

evaluation, negotiation and reconciliation. The physical comfort provided by the Passivhaus 

system is largely perceived and experienced through social means and presented with social 

evidence. This means, although ‘heat+air+light’ is an important trait in evaluating comfort, 

the evaluation still depends on a wider range of architectural, technical and social factors. 

Problems raised by the residents contain not only issues specifically applied to Passivhaus 

design, but also generic spatial and environmental discomfort experienced in residential 

environments. The design of the Passivhaus focuses on energy efficiency while other aspects 

of its design relate to the social side of comfort, with the issue of privacy and the flexibility 

of the layout in certain cases not afforded sufficient attention.  

On the other hand, the study of the social side of comfort in Passivhaus has confirmed 

the claim made by Shove (2003) that the paradigm of traditional lifestyle and the familiarity 

of established technical control system have formed obstacles in behaviour change. While 

facing the new technical system in Passivhaus, the old comfort paradigm is challenged, 

Opportunities thus arise to encourage a transformation to a new and sustainable lifestyle. The 

major finding that emerged from this research is the seven core categories and a subsequent 

theoretical framework of Passvhaus living. This framework narrates the process of inhabiting 

a Passivhaus where comfort is the key indicator in occupants’ changing behaviour and 

ideology. It presented evidences of sustainable behaviour transformation through the process 

of inhabiting a Passivhaus, where new comfort paradigm emerged with the new building 

typology. The architectural elements have also transformed their meanings as a result of this 

process.  

In experiencing comfort in a Passivhaus, a range of factors affecting the experience 

were discussed in the interviews. The first factor relates to the occupants’ experience in their 

previous accommodation. On the one hand, this is an important factor because it is through 
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their previous experience that the occupants came to establish a certain lifestyle. The 

occupants tended to base their experience of living in a Passivhaus on that which they had 

become accustomed to in their former homes. On the other hand, their previous experience 

was also a key factor in driving the occupants’ decision to choose the Passivhaus 

methodology. This ideology of choosing the Passivhaus affects the comfort experienced post 

occupancy. The second factor is the learning process that occurs as part of Passivhaus living. 

This provides a practical solution to technical issues that the occupants may encounter with a 

new service system in their Passivhaus. It also leads to the establishment of a base of 

knowledge that can potentially be shared with the wider Passivhaus community. The 

learning process takes time and effort on the part of the occupants. Moreover, effective 

communication and support from professionals and housing associations is required to 

facilitate this process. The most important factor affecting the lived experience of the 

Passivhaus occupants is the design and delivery of the Passivhaus itself. This has the ability 

to create both comfort and discomfort in the home environment, and the ways in which 

occupants choose to resolve their issues of discomfort are crucial for the success of the 

Passivhaus as a sustainable architectural typology. More specifically during the process of 

receiving and reconciling comfort, a transformation of meanings embedded in architectural 

elements and domestic objects has also been observed. Through interactions with 

architectural elements designed according to the Passivhaus concept, the ‘mental image’ of 

those elements has changed in the occupants’ everyday lives. A wall, curtain or oven may 

bear more connotations of environmental comfort than they did before. It is through this 

transformation that a sustainable lifestyle starts to take its shape among the occupants’ 

everyday lives in the post occupancy of Passivhaus living. 

Secondly, this research has acknowledged the variations in occupancy types and 

architectural properties by examining each project individually within a case study 

framework. Despite factors such as ownership, building type, building size, age of dwelling, 

technical system, demographical status, etc, the results of the analysis have exposed an 

overarching framework that explains the lived experience of the Passivhaus occupants in all 

of the studied cases. The division between the occupants who participated in design and the 

tenants/buyers of Passivhaus was observed to be superficial; that is, the lived experience did 

not appear to differ greatly based on occupancy type.  

Finally, as was confirmed by previous literature, a number of factors have an impact on 

variations in energy use. This research has pointed out that the evaluation of comfort in turn 

affects the way occupants choose to regain such comfort and is dependent on the nature of 
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any adaptation/reconfiguration that the occupants choose to carry out. There thus appears to 

be a wide range in energy consumption among the different Passivhaus buildings. The 

research has also demonstrated the ability of the Passivhaus typology to provide potential 

opportunities for supporting adaptive behaviour, establishing new sustainable norms and 

promoting a more sustainable lifestyle. Especially for multi-family dwellings, the Passivhaus 

typology offers real potential to establish sustainable communities, either within the actual 

neighbourhood or via a virtual, online community. 

The findings listed above provide basic information for answering the research 

question. The method by which the architectural properties are related to the interviews has 

also provided valuable information for use in further exploring the design of the Passivhaus.  

The prevailing issues of discomfort and adaptations were encountered in every 

household and have been summarised together with references to the built environment. The 

architectural design of the Passivhaus was examined with a focus on supporting occupants’ 

adaptive behaviour and on the provisions for a sustainable lifestyle. In correlating the 

architectural and technical characteristics of each Passivhaus project with the occupants’ 

comfort/discomfort and adaptive strategies, the research has further identified design 

opportunities for promoting adaptive behaviours. The results of this research indicate that the 

design and construction of Passivhaus homes may benefit from a thorough consideration of 

those architectural and technical features that provide better social comfort. At the same 

time, the potential of the Passivhaus typology may be further realised should the design and 

construction of the new type of housing create greater and more user-centred adaptive 

opportunities for promoting sustainable living. 

7.4 Findings in relation to other research literature 

In complying with the methodological framework, the literature review conducted at 

the early of the study was inclusive and illustrative. As the research progressed along an 

unbiased path of theory generation, it has become appropriate and beneficial to examine a 

more specific range of literature to compare findings from this research and a bigger picture 

in relevant research field.  

As suggested in previous chapter, the sampled case studies were built after 2011, 

therefore, other research that specifically involves one or more project in this research is 

rare. Academic research on the DO project was found during the review, where the on-site 

measures (temperature, relative humidity, air quality) of the houses provide more insights to 
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draw conclusion in this study. The research on DO project was an IUK-funded (Innovate 

UK) research conducted by MEARU (Mackintosh environmental architecture research unit) 

between year 2013 and 2015. One household within the DO case study underwent a one-year 

on-site monitoring of temperature, ventilation, relative and absolute humidity and indoor air 

quality. The monitored temperature data shows that this household exceeds the Passivhaus 

overheating criteria, and at the same time, has a higher than desirable CO2 concentration 

(Foster et al. 2016).  

According to the MEARU research, this household experienced 15% of the time with 

temperature over 25ºC during the year 2013. Although occupants believed that opening 

windows reduced overheating dramatically, the monitored result suggested that opening 

windows only had marginal effects on reducing the temperature of the room. In another 

words, a psychological effect could be a better explanation as the comfort received by the 

occupants in opening windows in hot weather. 

Monitored ventilation data has suggested that in this household, supply air was only 

sufficient for one person in each room (except the living room which was sufficient for two 

persons). Meanwhile, monitored indoor air quality appeared to have exceeded the threshold 

of 1000ppm CO2 over 25% of the time during the year, despite the frequent window opening 

activities in the household (Foster et al. 2016). It can be observed that for the high density 

occupancy occurred in DO2 household (20.6m2/person), the indoor air quality could have 

suffered from the insufficiency of MVHR supply designed for a dwelling with a density of 

35m2/person. This has echoed the findings in this thesis where adaptability of designing 

social housing Passivhaus was concerned. 

Meanwhile, the MEARU research also showed that the relative humidity in DO2 

household remained within the comfort range of 25% - 55%, however, high absolute 

humidity (>9.5 g/m3) in DO2 appeared to be occurring more than 30% of the year (Foster et 

al. 2016). In reflecting on the interview data in this thesis, DO2 occupant has explicitly 

addressed the advantages of drying clothes indoors, this could be a possible reason for the 

high absolute humidity level. 

In recent TSB-funded (Technology strategy board) research conducted by MEARU 

(Mackintosh environmental architecture research unit) on the POE of 26 low-energy houses 

in the UK, overheating was considered to be a main issue. It was suggested that it has ‘more 

to do with occupancy and design decisions’ than with climatic region or altitude. The 

research concluded that certain factors were more closely correlated to the overheating issue, 
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as follows: the design of solar shading; the design of cross ventilation and stack ventilation; 

the insulation of mechanical equipment (e.g. hot water tank); and the occupants’ knowledge 

of control. Those findings in relation to overheating issue have reflected observations from 

this thesis. 

Another study looked into the studied occupants’ ownership of home appliances before 

and after moving into their Passivhaus. The findings of this study suggest that not only did 

household appliances play an active role in managing thermal comfort in the Passivhaus, 

they could also help with bringing a part of the occupants’ established comfort into their new 

home environment with its unfamiliar built environment and emerging technologies (Foulds 

et al, 2016). This research has confirmed the transformation of social meanings in everyday 

objects, in particular the ways in which household appliances have come to be regarded in a 

new role of ‘heaters’ due to the high level of internal heat retention provided by the 

Passivhaus. It also showed that Passivhaus occupants started to purchase more efficient TV 

screens for the purpose of controlling the heat generated from the screens. With the case 

studies as examples of how the meanings of household appliances changed (with appliances 

now being viewed as heaters), the mentioned study has suggested an evolvement of 

Passivhaus living similar to that seen in the findings of this research.  

Furthermore, different from previous studies that indicated a large gap between 

predicted and actual performance in Passivhaus buildings, recent research has provided an 

alternative view. Forster et al. (Foster et al, 2016) studied five Passivhaus homes in Scotland 

for two years in terms of their environmental performance. Their research confirmed issues 

of overheating (with peak temperatures exceeding 30 degrees) as well as poor ventilation and 

inadequate indoor air quality (IAQ). However, in contrast to the findings above, research by 

Johnston et al. (Johnston et al, 2016) compared the in situ performance of two Passivhaus 

projects in the UK with their predicted performance, finding very little discrepancy and thus 

meaning the performance meets the predicted standard with no overheating or ventilation 

issues. These two very recent studies have projected a more realistic outlook of the 

performance of Passivhaus buildings at present. Johnston suggested in his research that high-

quality control and a team experienced in design and construction are the key to minimising 

any performance gap. This echoed the findings of this research that emphasis should be 

placed on the architectural and technical characteristics of the Passivhaus project.  
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7.5 Research implications and contribution 

As stated before, the Passivhaus typology has been viewed from the outset as an energy 

performance standard. It is distinguished from other sustainable standards through its sole 

emphasis on the outcome of energy use. In other words, the sustainable measure of the 

Passivhaus concept has a specific focus on the operational stage of a building. The ten case 

studies have exhibited a few common issues regarding the design of the Passivhaus. The 

above analysis has connected architectural design and technical characteristics with the 

discomfort experienced in the case studies. It has also revealed how the 

reconfiguration/adaptation process can be supported by the built environment at an early 

stage through design. The design shaped the adaptation process to a great extent. Depending 

on the supportiveness of the built environment, the behaviour of the household may 

potentially be directed towards a more environmentally and socially responsible path and 

achieve a state of co-evolvement.  

Implications for Passivhaus design and delivery 

This research is an exploration of a relatively new sustainable housing typology. The 

aim is to gain a holistic understanding of Passivhaus living and to examine the underlying 

issues, barriers and opportunities embedded within the Passivhaus typology. The theoretical 

framework generated in this research implies a positive relationship between Passivhaus 

design, comfort evaluation and sustainable behavioural adaptation.  

Based on the analysis of interview data together with architectural data, some spatial 

and environmental issues that were rooted in design manifested themselves in the comfort 

experience of the residents. These contain both generic issues in construction quality, and 

specific issues in Passivhaus design. For instance, ST occupants suggested that the acoustic 

privacy in their new house was compromised as a result of thin interior partition walls. 

Similarly, LA2 occupants expressed dissatisfaction with the quality of interior finishes in the 

house, as well as the shape and size of the bedrooms. It can be argued that the priority in 

Passivhaus design lies beyond spatial or construction quality, yet as has been confirmed by 

this research, the process of inhabiting a Passivhaus contains a holistic evaluation of 

comfort, which in turn influences users’ behavioural and psychological adaptation, and 

ultimately, the establishment of a sustainable lifestyle. Hence, it is important to bear in mind 

when designing a Passivhaus that the generic spatial, environmental and construction quality 

do have a role to play in order to enhance the ideology of Passivhaus living.   
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The results of this research also stress the individuality of the household and the 

adaptability of the layout, especially with regard to the social and private rental sectors. 

Because of the established expectations regarding comfort held by many occupants as a 

result of them formerly inhabiting a more traditional type of house, the thermal environment 

of a Passivhaus could potentially mean a change to the traditional housing arrangement. For 

example, many of the occupants in this research preferred a cooler bedroom. This implies a 

change of design decision to place the bedroom on the north side to take advantage of a 

cooler temperature. Similarly, the efficiency of the Passivhaus means that the heat generated 

from equipment such as cookers, thermal tanks or even computer screens could easily 

increase the indoor temperature. It is important to take this into consideration when 

arranging the internal layout of a Passivhaus. 

Furthermore, in addressing comfort issues in design, this research confirms the risk of 

overheating in certain Passivhaus in line with previous studies conducted in the UK. In 

examining the quantitative data presented in Chapter 4, it can be observed that design 

features such as orientation, shading, building form, layout and W/F ratio all play an 

important role in controlling overheating. However, the U-values of external components, or 

the level of airtightness, although reaching the Passivhaus standard, do not appear to have 

more impact on the occupants’ perception of overheating. The correlational analysis between 

the interview data and architectural properties conducted in the previous section further 

confirmed the importance of layout, W/F ratio, shading and the location of technical 

equipment in relation to indoor comfort. The research urges building professionals to address 

overheating issues during the design phase, ensuring each room has an appropriate window 

to floor ratio (W/F), sufficient natural ventilation and an effective shading 

strategy. Meanwhile, the issue of the retention of heat generated by technical equipment also 

needs to be addressed as part of the design. The positioning of such devices can be integrated 

into the occupants’ preference for thermal comfort in relation to the layout of the house. 

More importantly, this research has emphasised the supportiveness of Passivhaus 

typology in terms of adaptive comfort. Comfort is the overarching theme to have emerged 

throughout the research. In reflection of the predictions of future climate change introduced 

in Chapter 1, overheating and the increasing demand for cooling and ventilation are also the 

most challenging issues faced in the design and construction of energy-efficient housing. The 

research on the Passivhaus lived experience has confirmed the urgency of this issue. The 

increase in indoor temperature generally received positive feedback from the interviewees. It 

was revealed that for many occupants, being able to maintain an indoor temperature suitable 
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for the wearing of certain attire, that is, not wearing knitwear or slippers, is a desirable 

comfort feature. With the improved level of energy efficiency provided by the Passivhaus 

system, the pursuit of a subtler and more ‘sociable’ comfort has started to affect the 

occupants’ control behaviour, such as having higher temperature settings on the thermostat.  

This has made the discussion of adaptive comfort ever more relevant and important for 

achieving a high-performance building without generating demand for further energy for 

cooling. Certain characteristics of the Passivhaus as required by the energy performance 

standard have embedded a vulnerability to overheating, and this unsatisfactory design feature 

could potentially result in higher energy demand for summertime cooling. However, the case 

studies have also proved that by providing sufficient adaptive means through design, the 

Passivhaus typology has also embedded certain opportunities for sustainable behaviour and 

psychological adaptation.  

Designing for adaptive opportunities aims to motivate the occupants to exercise and 

reconcile comfort through behavioural adaptation. Certain design features have been 

discussed in each case study in terms of whether they act as a supportive means by which 

occupants are able to achieve such behavioural adaptation. Especially with regard to the 

overheating problems caused by the Passivhaus design, it was evident in the case studies that 

a good design incorporating sufficient shading, ventilation and opportunities for adaptation 

can effectively decrease the risk of overheating.  

The technical system and a new control interface for the Passivhaus have in a majority 

of cases formed the biggest and most unavoidable barrier in the adaptation process. The 

temperature, humidity and ventilation controls require a new set of knowledge and a certain 

period of learning in order for the occupants to adapt. In this process, being able to gain 

effective information and sufficient support and maintenance from professionals is crucial 

for effective adaptation to occur. Being able to control the temperature in individual rooms 

and psychologically perceive a sense of being ‘in control’ are important factors that relate to 

occupants’ evaluation of comfort and behavioural adaptation. As occurred in the case 

studies, efforts have been made to fine-tune the temperatures in different rooms using either 

architectural or technical strategies. In another words, the adaptability of architectural design 

to accommodate and support a small variation within a range of indoor temperature is 

preferable.  

The opportunities provided by this new type of housing could potentially serve as a 

stimulus for the promotion of more adaptive behaviours. As opposed to viewing Passivhaus 
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as a ‘climate fortress’, this low-energy building type requires a user-centred design, where 

adaptive opportunities can be provided by the building framework without compromising the 

integrity of the building envelope and thermal performance. It is therefore important to 

consider provisions for behavioural adaptation, such as the accessibility of control panels, 

flexibility of layout, novel floor plans as part of the design stage. 

 

Implications for the residents and multi-family community 

In this research, the holistic description and documentation of the experience of 

Passivhaus living in a variety of residential projects told from the perspective of the 

occupants, across the U.K provide residents and potential users of Passivhaus with a clear 

picture of Passivhaus living. Rather than stressing the performance of Passivhaus, this 

research puts Passivhaus in the realm of ‘home’, discusses the possibility of a comfort-

based, experience-oriented architectural typology that can also direct occupants’ behaviour 

into a more environmental-conscious fashion. It has to an extent de-mystified the rigidity of 

Passivhaus design, confirming that Passivhaus standard can be achieved by a variety of 

design and construction options. The research has at the same time emphasised the 

importance and relevance of the occupants and their daily activities should they expect to 

receive the full benefits of Passivhaus. Potential Passivhaus users can benefit from a 

spectrum of experiential data derived from this research, where lessons can be learned to 

improve their own lived experience.  

Furthermore, based on the effectiveness of community learning observed in the three 

multi-family dwelling case studies in this research, this effect will be more substantial and 

beneficial in relation to the planning of a multi-family environmental-conscious community 

than in terms of isolated single-family dwellings. However, it is the responsibility of housing 

associations and Passivhaus professionals to ensure that knowledge is imparted and 

information is delivered through effective communication. Comparing DO project and SL 

project again, the DO occupants became an important part of the Passivhaus system to help 

them make adaptations and achieve energy performance, home comfort and sustainable 

living. In the SL project, however, interaction between the users and the buildings was kept 

to a minimum to ensure the house performed as per its design, the result of which was a 

restriction on both the experience of comfort and the opportunity to practise comfort. This 

has led to dissatisfaction and inactive adaptation in the SL project. The intensity and content 

of the information need to be carefully designed. It is also important that housing 
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associations and Passivhaus professionals appreciate the need for learning to take place 

within the tenants’ community and that sufficient technical support and maintenance need to 

be provided during this period of learning. Meanwhile, provision should be made to allow 

problems to be resolved in association with the individual households to promote 

behavioural change in relation to Passivhaus control. The case studies in this research also 

suggest that monitoring and making energy consumption data accessible to tenants is 

important for them to improve their knowledge of Passivhaus and to motivate energy-saving 

behaviours.  

Contribution to Passivhaus research and methodology 

This research has conducted an in-depth study of ten residential Passivhaus projects in 

the UK, covering a variety of project types across different geological locations. It is rich in 

qualitative data obtained through fifteen semi-structured interviews and the corresponding 

architectural drawings. This research itself firstly provides a database of information and 

documentation for use in future research in a related field. The experiential data recorded can 

be taken as reference and comparison for studies on other Passivhaus projects. Secondly, it 

confirms the importance of conducting empirical and field-based research in the field of low-

energy housing. The results of this research can be used to inform both building 

professionals and the general public of the lived experience in an ultra-low-energy building 

type. The implications of the research in relation to design could result in an improved 

Passivhaus design strategy, as well as a broader application of Passivhaus typology. The 

implications of this study to the residents and social communities could lead to the 

development of a lifestyle characterised by large reductions in energy consumption and a rise 

in the adoption of sustainable lifestyles in social communities, in addition to social housing 

built to an ultra-low-energy standard. Thirdly, it provides future research into Passivhaus 

and ultra-low-energy housing with possible and fruitful directions with the potential to 

further benefit society. 

The methodological framework developed in this research represents an alternative way 

of conducting POE, especially for experience-focused research in architecture and built 

environment. The interview data collected in this research demonstrate the importance of 

adopting a qualitative perspective when seeking to understanding energy use in the post-

occupancy stage. The comfort value questionnaire designed for this research also includes a 

larger spectrum of comfort that needs to be included in comfort studies. The comparison 

between occupants’ expectations and evaluations revealed a ‘comfort gap’ in which a full 
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spectrum of comfort needs to be considered in the design and delivery of low-energy 

housing. 

Furthermore, the combination of grounded theory methodology and case study method 

was proposed by Fernandez et al.(2011) as a way to explore ‘the interactions of individual 

human actors in predominantly social settings’. This is especially appropriate when working 

with complex and highly context-based social settings. The combined methodological 

framework proposed by Fernandez et al. (2011) has been further developed and practised in 

this research. The detailed research design provides a clear guide for future researchers to 

conduct studies in similar fields.  

7.6 Research validation 

Corbin stated that despite the numerous criteria for judging qualitative research that are 

available in the literature, stress needs to be placed on ‘quality’ as opposed to ‘validity’ for 

the final product of qualitative research, which needs to emphasise the ‘scientific’ value as 

well as the ‘creative and artistic’ endeavour of the research (Corbin & Strauss., 2008).  

This research has combined a grounded theory methodological framework with a case 

study approach to construct a substantive theory in order to understand the experience of 

Passivhaus living. The validation process has thus been conducted according to the steps 

specified in both methodologies. It was suggested by Leis and Ritchie (2003) that when 

validating qualitative research, it is useful to consider both external and internal validity. For 

grounded theory methodology, internal validity is strengthened with the adoption of a 

constant comparative analysis. In this research, as demonstrated by the process of data 

analysis, constant comparative analysis has been applied throughout the case studies.  

The external validation includes three major criteria: methodology triangulation, 

respondent validation and multiple perspectives from stakeholders in the building industry.  

Methodology triangulation 

This research has used both quantitative and qualitative analysis for methodology 

triangulation. The quantitative analysis included a horizontal comparison of the cases 

studied, with the results presented in quantifiable form for correlation, including household 

information, energy use, building characteristics, comfort evaluation, etc. The qualitative 

analysis, on the other hand, focused on a longitudinal narrative for each case study. Including 
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rich documentations of experiential data, photographic data, field notes and sketches. The 

conclusions drawn from the qualitative data overlapped with the quantitative analysis.  

The core categories and theoretical framework that emerged as a result of the Grounded 

theory methodology were compared with the result from the quantitative correlational 

analysis. The physical interactions and mental images of Passivhaus living manifested 

themselves within the theoretical framework – the physical interactions signify the 

behavioural adaptations of the occupants, while the mental image of architectural elements in 

Passivhaus evolved together with the ideology of Passivhaus occupants. 

Respondent validation 

In validating the findings, a second round of interviews was conducted from June to 

July 2016. Contact was made with the occupants of five of the previous case studies (Cases 

HI, TO, HA, SA, SL) and the additional data acquired were integrated into the data analysis 

procedure. This follow-up to the five cases provided a chronological narrative for the 

completion of each case study as well as opportunities for hypotheses testing in the data 

analysis stage. The second interviews were also conducted to test the saturation of the 

categories.  

Besides the follow-up interviews with the respondents, a simplified draft of the 

corresponding case study and the results of this research were also produced for the 

respondents to read. This process was conducted out of concern for both the validity of the 

research and for ethical reasons. The respondents were asked if the case study was an 

accurate description of the interview and their house, and if the findings from this research 

were a fair representation of their experiences. The validation provided from the respondents 

confirmed the accuracy of the collected data and the trustworthiness of the research findings.  

Perspectives from stakeholders in the building industry 

As a final validation of the findings, this research benefitted from a passive design-

themed symposium organised by the Edinburgh School of Architecture and Landscape 

Architecture. The symposium gathered building professionals, Passivhaus-credited 

architects, researchers and developers in sustainable construction. The findings of the 

research were presented at the symposium and received positive comments.  
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7.7 Limitations  

The rigour and care that were put into the research design have ensured the results of 

this research are valid. However, it is important to acknowledge that the existence of a 

number of limitations during the research design process may have limited the findings. 

Firstly, in terms of the qualitative nature of this research, no environmental measurement 

was taken to indicate temperature, air velocity, humidity and accurate energy consumption. 

This decision was made at the beginning of this research in order to set a clear focus for the 

experiential data, at the same time to avoid causing any inconvenience to or violating the 

privacy of the occupants. The data collected have proved to be representative of the 

occupants’ experiences and can be correlated to other quantitative measures (such as 

building parameters and energy consumption) for the purpose of drawing conclusions. 

However, the results may have benefitted from further comparison and analysis if 

environmental measures had been taken at the time of the interview. This research has 

confirmed the diverse preference of thermal comfort in the home environment as well as the 

diverse languages and scales used by the occupants when describing it. It may be possible to 

achieve more compelling evidence within this experiential data with the inclusion of 

reference to relevant environmental measures. 

Secondly, as mentioned in Chapter 4, in terms of grounded theory research, the 

significance of this study is limited by the response rate for the chosen sample. In this 

research, ten projects have been studied. This is 10% of the project built and documented in 

the UK. However, the range of project types has given a good sample of the PH community 

and is fairly representative of the Passivhaus projects in the UK. The creative use of a case 

study framework and the variety of data points compensated for the number of households 

studied. It can be stated that a wider study would have enabled a broader testing or a further 

theoretical saturation of the codes, but would not have revealed any additional categories. 

While emphasising the rigorous methodological approach of this research, it is also 

important to acknowledge that the conclusions drawn from cross-case analysis with the 

interview data and a comparison of the cases remain context based. The established 

categories could benifit from further exploration into their properties with a larger sample 

size and more research time.  

Lastly, in chapter 4, the quantitative correlation analysed the correlation coefficients of 

several architectural properties such as orientation, form factor, airtightness and U-value. 

This qualitative correlation identified further factors that affect the experience of Passivhaus 
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living, including the W/F ratio, the efficiency of natural ventilation and shading, the 

adaptiveness of the layout and the positioning of technical equipment. However, due to the 

time scope of this research, no quantitative relationships were established between these 

factors and comfort evaluation and energy consumption further to the results obtained. A 

thorough examination and quantitative analysis of these factors as part of future research 

could lead to more significant implications for Passivhaus design. 

A considerable amount of interview data was collected during this research. The results 

were drawn from an analysis cross-referencing each interview with other sources of 

supporting evidence. The conclusions reflect the collectiveness of those issues that apply to 

the majority of the cases studied. However, there were also other incidents, evidence of 

uncommon themes and issues that did not fit into the framework of this research. These 

minor issues may have the potential to become more common if more focused research is 

conducted. The existence of these minor issues is also a manifestation of the non-static 

nature of a grounded theory. It is not intended to reveal an absolute, but a snapshot in time. 

The Passivhaus typology will evolve and change with increased use and application. 

Therefore, it is possible that unexpected findings that do not fit with the current established 

substantive theory may be peculiarities that happen only once, but they may also be the sign 

of future trends, in which the theoretical framework established by grounded theory in this 

research could be modified, revised, and will evolve with time and change in Passivhaus 

typology. The following explain in detail the issues that may provide direction for future 

research. 

7.8 Recommendations for future research  

Two significant areas that merit further research emerged from this thesis. The Rebound 

effect; and Sensitivity to temperature changes. These both have the power to interrupt the 

Passivhaus Ideology. The affect of both of these are beyond the scope of this work. 

Rebound effect 

The rebound effect has been discussed in a number of previous studies on low-energy 

dwellings. It is defined as an economic mechanism that drives an increase in energy 

consumption following a ‘below-cost improvement’ in energy efficiency (Bourrelle, 2014). 

In other words, the energy-saving house also acts as a potential incubator of non-sustainable 

behaviour. Due to the large improvements in energy efficiency delivered by the Passivhaus 

model, there may be savings in energy bills of up to 85%. It can be argued that it is difficult 
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to obtain the best performance from the house type for the reason that once the default 

system of the house has met its expected level in terms of financial savings, it becomes 

difficult to convince the occupants to make further adaptations in order to operate the house 

to its best performance. In this research, a few incidents found in the interview data may be 

considered to reflect this rebound effect. These include higher indoor temperature settings 

and low motivation to further reduce energy consumption. For example, in the DO case 

study, the DO2 occupant suggested in the interview that she set the thermostat to a 

temperature between 21 and 23 degrees because she is ‘used to being cosy now’. Similarly, 

in the HI project, the thermostat was set to 23 degrees and visitors found the bedroom ‘far 

too hot’.  

Moreover, evidence of a low motivation to reduce energy use can be found in the 

interview with the TO and SA occupants. In the TO case study, the occupant’s attitude to 

saving energy altered following the start of his occupancy. He devised a hot water system with 

an extra electric heater for convenience, justifying this by suggesting that it did not 

compromise the Passivhaus concept financially since it only ‘increased the bill slightly’. 

Similarly, the SA occupant pondered ‘whether putting the MVHR on unoccupied mode when 

going on holiday’ was dwelling on ‘such a small amount of cost’.  

Paradoxically, in the above cases, the energy efficiency provided by the Passivhaus 

model to some extent prevented the occupants from achieving further energy savings. These 

changes in the occupants’ attitudes to energy saving are included in the theoretical 

framework generated in this research and are discussed as part of the ‘co-evolvement’ 

section. However, the complexity and dimension of such an issue requires further research 

into residential Passivhaus in order to be fully understood.  

Sensitivity to temperature changes 

Another notable issue to have been highlighted by this research concerns a phenomenon 

shared by only two occupants. In the interview with the FO and CR occupants, both 

suggested that they had become more sensitive to temperature changes since living in their 

Passivhaus. This phenomenon was especially true for the FO occupant, who mentioned 

being able to detect a one-degree change in temperature. On the one hand, as discussed in the 

case study, this phenomenon may be regarded as a physiological or psychological adaptation 

that developed during the occupancy period, with this type of adaptation leading the 

occupants to better appreciate the thermal environment offered by their Passivhaus. On the 

other hand, it may be argued that the two occupants’ comfort ranges have narrowed as a 
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result of living in a Passivhaus. The low fluctuation of temperature in a Passivhaus may 

change the occupants’ expectations of comfort.  
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GLOSSARY 

The following abbreviations are used in this manuscript: 
 

POE Post-Occupancy Evaluation 

CO2 Carbon Dioxide 

IAQ Indoor Air Quality 

MVHR   Mechanical Ventilation and Heat Recovery 

PHPP Passivhaus Planning Package 

DMH Domestic Hot water 

W/F Window to Floor ratio 

A/V External envelope area to volume ratio 

BRE Building Research Establishment 

ASHARE American Society of Heating, Refrigerating and Air-Conditioning 
Engineers 
 

BSRIA The Building Services Research and Information Association  

SAP Standard Assessment Procedure  

CSH Code for Sustainable Homes 

 

  Passivhaus glossary   

Heating demand This is the annual space heating requirement of the building, over the 
course of the year, normalised to the treated floor area of the building 
in m2. The limiting value for a building to comply with the 
Passivhaus standard is ≤ 15 kWh/m2a  

Cooling demand This is the annual space cooling requirement of the building, over the 
course of the year, normalised to the treated floor area of the building 
in m2. The limiting value for a building to comply with the 
Passivhaus standard is ≤ 15 kWh/m2a 

Heat load This is the heat output in Watts required of the heating system on the 
coldest day of the year, normalised to the treated floor area of the 
building in m2. The limiting value for a building to comply with the 
Passivhaus standard is ≤ 10 W/ m2. 

Primary energy Primary energy is the energy that must be extracted from the 
environment in order to deliver energy at the point of use. The 
limiting value for a building to comply with the Passivhaus standard 
is ≤ 120 kWh/m2a 
 

Air changes per 
hour (ac/h) 
 

The number of times per hour that the air inside a building is 
changed. Units m³ hr/ m³ @ 50 Pa. 

U-value Thermal transmittance. Units W/m²K. 
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Stack effect 
 

In winter, the warm air inside a building is less dense than the cold 
external air. Consequently, cold air tends to be drawn in through 
cracks and gaps at the base of the building, with warm air exfiltrating 
through openings in and near the top of the building. 
 

A/V ratio External façade area to the building volume 

Form factor 

 

Form Factor is the ratio of thermal envelope surface area to the 
treated floor area 

Soft Landings Soft Landings is a BSRIA (The Building Services Research and Information 
Association)-led process designed to assist the construction industry and its 
clients deliver better buildings. 
 

 

  Grounded theory glossary 

Categories These designate the grouping together of instances (events, processes, 
occurrences) that share central features or characteristics with one 
another. Categories can be at a low level of abstraction, in which case 
they function as descriptive labels. As grounded theory analysis 
progresses, the researcher is able to identify categories at a higher 
level of abstraction. These categories are analytic rather than 
descriptive. They interpret, rather than simply label, instances of 
phenomena.  

Coding This is the process by which categories are identified. In the early 
stages of analysis, coding is largely descriptive. Here, descriptive 
labels are attached to discrete instances of phenomena. New, low-
level categories emerge frequently as a result. As coding progresses, 
the researcher is able to identify higher-level categories that 
systematically integrate low-level categories into core categories.  

Memo/memoing This is an important part of the grounded theory method. Throughout 
the process of data collection and analysis, the researcher maintains a 
written record of theory development. This means writing definitions 
of categories and justifying labels chosen for them, tracing their 
emergent relationships with one another, and keeping a record of the 
progressive integration of higher- and lower-level categories. 

Theoretical 
saturation 

Theoretical saturation is the phase of qualitative data analysis in 
which the researcher has continued sampling and analyzing data until 
no new data appear and all concepts in the theory are well-developed. 

Theoretical 
sampling 

Theoretical sampling is a process of data collection for generating 
theory whereby the analyst jointly collects codes and analyses data 
and decides what data to collect next and where to find them, in order 
to develop a theory as it emerges. 

Theoretical 
sensitivity 

This refers to the attribute of having insight, the ability to give meaning to 
data, the capacity to understand and the capability to separate the pertinent 
from that which isn’t.  
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APPENDIX  

Appendix A: Questionnaire Survey  

The questionnaire survey was created in Google Drive and distributed to each contact.  
 

 

18/01/2017 Passes to Passivhaus

https://docs.google.com/forms/d/e/1FAIpQLScRNb6pGh0WEe307rOp7ogelTTyqBgUHIFQ-kReciaqMq-7-g/viewform 1/7

Passes to Passivhaus
Questionnaire Survey on Passivhaus Occupants                                                                                    

Dear Passivhaus occupants, thanks for taking time to read this survey, this survey is part of an on-
going PhD research project on Passivhaus and Occupant Energy Behaviour, conducted by Jill Zhao 
in University of Edinburgh. The survey will only take you 15 minutes, and you will receive a thank 
you gift from us afterwards. Please only �ll it in if you feel that you are the most knowledgeable 
person in your household about the Passivhaus or you are the primary controller of the mechanical 
systems (heating, ventilation, solar panel/tube, etc.). You may confer or ask others in your 
household who may have more knowledge to answer the questions. Thank you.

More about the researcher, please visit http://www.eca.ed.ac.uk/eca-home/jill-zhao

*Required

Comfort and Lifestyle

Do you think living in a Passivhaus means a change of lifestyle? *

 Yes

 To some extent

 No

 Other: 

Have you experienced any POSITIVE change in your habits/lifestyle/behaviours caused by living in
a Passivhaus (please indicate the level using a scale of 1 - 5)? *
eg. pay more attention to the weather, wear less clothing at home, different way to dry clothes,etc.

 Yes, quite a lot of changes -5

 4

 3

 2

 None at all -1

 Other: 

Have you experienced any NEGATIVE change in your habits/lifestyle/behaviours caused by living
in a Passivhaus (please indicate the level using a scale of 1 - 5)? *
eg. usage of stove, restrained activity, etc.

 Yes, quite a lot of changes -5

 4

 3

 2

 None at all -1

 Other: 

Please rate the following features of comfort regarding importances in your opinion for a home
environment in general. *

Edit this form
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18/01/2017 Passes to Passivhaus

https://docs.google.com/forms/d/e/1FAIpQLScRNb6pGh0WEe307rOp7ogelTTyqBgUHIFQ-kReciaqMq-7-g/viewform 2/7

From a scale of 1 to 5, 5 being Most important

1 2 3 4 5

Privacy and
Intimacy

Domesticity

Layout and
Furnishing
Ef�ciency and
Convenience

Heat, Air, Light

Style

Health and Safety

Sustainability

Leisure and Ease

How would you rate your Passivhaus in terms of the aspects of comfort discussed above? *
From a scale of 1 to 5, 5 being Excellent

1 2 3 4 5

Privacy

Domesticity

Layout

Convenience

Heat+Air,+Light

Style

Health

Energy ef�ciency

Leisure

Have you made any adaptations to the house to make it more comfortable? *
e.g. removed a wall, added immersion heater/electric fan,

 Yes, I made quite a lot changes

 Yes, but only a few things

 No, I'm happy as it was

 Other: 

Perceived Knowledge

How do you rate your level of knowledge of Passivhaus BEFORE moving into this house? *

0 1 2 3 4 5
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Appendix B: Form Factor Calculation  

Form factor calculation uses a spread sheet developed by BRE. The calculation is as 
attached:
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Appendix C: Complete Table of Quantitative Correlation 
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Appendix D: Open coding of five case studies 

Case HI 

 
 
 
 
 
 
 
 
Project profile 
 

Project 
code Ownership 

Building 
type 

Construction 
type Bioclimatic region 

Heating and 
cooling load 

Primary energy 
demand 

HI 
Privately 
owned Detached Timber Scotland W 10 W/m2 100 kWh/ m2a 

Age 
group 

Occupation 
date 

Interview 
date Household size 

Floor 
area 

Participated 
in design 

Thermostat 
setting	

Annual Energy 
consumption	

60+ 01/2013 
11/2014 
05/2016 2 184 Yes 21-23 2579100 kWh/ m2a	

 
Architectural feature  

HI Passivhaus is the northernmost documented Passivhaus project in the UK. The 

house is located on the Northeast side of Inverness, overlooking the River Ness. The layout 

was designed to ensure that the view of the valley was accessible to the main living space. 	

Location Orientation 

 

 
	

The one-storey bungalow has a total floor area of 184 square meters, contains three 

bedrooms and generous living spaces. The house has a centralized plan, the living room and 

dining room/kitchen face Northeast. The house has an almost square layout, with rooms 

connected to a central hall. The design minimizes the exterior wall area, and increases the 

efficiency of interior spaces. The pitched roof with high windows have compensated the lack 

of daylight in the middle of the house. 
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Ground floor plan 

 
Elevation 

East Elevation South Elevation West Elevation North Elevation 

 

 
In addition to the MVHR system that preserves internal heat gains, this Passivhaus is 

also devised with underfloor heating system powered by a combi boiler in living area 

(including living room, dining room bathrooms and hallway). Two solar thermal panels were 

installed to pre-heat domestic hot water. The main bathroom has heated towel rail installed 

which can be controlled individually.  

Ventilation 
strategy  

Heating 
strategy 

Water 
strategy 

Shading 
strategy U values 

Paul Novus 300, 
open windows 

Underfloor 
heating by 
combi boiler 

Solar 
thermal 
panel backed 
up by combi 
boiler N/A 

Wall U-value = 0.094 W/(m2K) 
Floor U-value = 0.075 W/(m2K) 
Roof U-value = 0.099 W/(m2K) 
Windows U-value 
M= 0.099 W/(m2K) 

User interface 

MVHR control 
panel 

Thermostat control panel (in each room 
with underfloor heating and in the 

hallway) 
Towel rail control panel 
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Case HI interview analysis 

• Passivhaus ideology 

Quite distinctively different from project PL and DO, the occupants suggested that the 

reason for taking the route to Passivhaus was intentionally made, and quite exclusively a 

‘scientific one’. The occupant suggested that his concern for climate change had led him into 

making a contribution to ease the environmental burdens. The house was specifically 

planned for Passivhaus concept from the very beginning. The occupants self-learned 

Passivhaus principles, and was convinced that the Passivhaus route was ‘the way forward’. 

[…] the biggest motivation is a scientific one, ecology. That was my 
starting point, I haven't realized how it would affect the bills. I mean I 
believed in climate change for about 20 years, as a scientist, not cautiously 
but worryingly, it's gonna happen, we weren't really working out the figures 
accurately, it's happening faster than we think, that was the starting point, 
concerned about doing my bit to save energy, to not make it worse. 

The new house is located on the South side of a valley. In order to take advantage of the 

valley view, the living spaces were designed to be north-facing, which was not ideal for a 

passive design. In order to get enough solar gain without commissioning huge bedroom 

windows and compromising their private spaces, a series of south-facing high windows were 

created. They sat on one side of the pitched roof, and provided passive heat to the living 

spaces, as well as created bright and spacious front rooms.  

The ground work took 13 months to finish, but the actual construction of the building 

required much less time and effort. The fact that the construction was completely off-site did 

not only help them to gain planning permission, but also speeded up the construction process 

to a great extent. The building components were pre-made in factory, with external fittings, 

insulations, service sockets fitted in place. The assembly process only took a few days to 

complete. The occupant described the process as ‘watching a giant Lego’. 

What is more interesting is that, from the vivid description of how a design decision 

was made, the concept of 'virtual living experience' came to realization. For self-build 

project, the design has been quite specifically tailored to suit a certain family with certain 

lifestyle. Therefore every design decision that was made pre-occupancy has been virtually 

experienced since design stage. In the ‘virtual living experience’, the comfort has been 

prefigured specifically to suit the occupants. This is a huge aspect of difference when 

comparing with DO project where the occupants had no involvement in design, and 
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consequently were in lack of a long period of psychological adjustment. This ‘virtual living 

experience’ can be observed from the following description: 

[…] they [council] pointed out that our walk-in wardrobe which is 
massive, someone could change that into a study or bedroom. In that case 
the two doors and an escape window not acceptable, we need to move that 
door into corridor, which in theory, we had our shower, walk in the nude, 
into the corridor, to go into the wardrobe to get dressed […] 

The new house was designed to resemble their previous accommodation in England, 

only with an upgrade in terms of thermal environment. From their description, the 

environmental comfort in the old house was very poor. In order to balance thermal comfort 

with fuel cost, they had decided to ‘only heat the room in use’. As a result, their old house 

had a considerable amount of temperature fluctuation between rooms. As a contrast, the new 

house has provided pleasant and even temperature for the residents. However they also find 

the south-facing bedrooms can be too hot in the summer. On the other hand, the air quality 

has been praised. The female occupant suggested that her hay fever was eased by the pure air 

filtered and provided by the MVHR in the new house. 

• Home comfort 

Similarly to previous two cases, the comfort was mentioned not only in a physical 

sense, but as a holistic perspective connected closely with their daily activities. This expands 

the domain of 'comfort issues' that occurred previously in the Pilot study even bigger. The 

occupants of HI project found the house to be less dusty and mouldy than a traditional house, 

and required less cleaning and maintenance. They also found themselves spending more 

times in the house because ‘it’s more comfortable’, and they used all the rooms as a result of 

very little temperature fluctuation. Their daily activities have been described in a very 

pleasant way: 

[…] but that's not only the comfort of the air we find lovely, the 
quietness, the calmness, we often open the windows so we can hear the 
birds […] I didn't even think like it's winter's day I'd better put something 
on before I go in there. The house is just even temperature […] 

As a science teacher and a self-builder, the occupant has devised the house to have 

intelligent mechanical systems with simple and automatic control. In addition to the MVHR 

system that preserved internal heat gains, this Passivhaus was also devised with underfloor 

heating system powered by a combi boiler in living area (including living room, dining room 
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bathrooms and hallway). Two solar thermal panels were installed to pre-heat domestic hot 

water, which then be heated by the combi boiler automatically if the temperature was not 

enough for domestic use. The main bathroom had heated towel rail installed with which the 

temperature can be controlled individually. Each room with the underfloor heating had an 

individual thermostat, so the temperature can be controlled individually. The rooms were 

kept to a unified temperature of 23 degrees. The service system in this house makes a 

contrasting comparison with the household in pilot study. The occupants in pilot study had 

very limited control over individual room temperature, they were also in lack of knowledge 

to achieve thermal comfort to their needs. The HI project represents a very different type of 

occupancy. The occupant considered the technology to be quite intuitive, and showed 

appreciation for the ‘classic [thermos]stat’ to control room temperature.  

• Lifestyle change and adaptation 

Noticeably, some adjustments have been done after the occupancy to achieve comfort. 

The occupants did experience summertime overheating. Especially when the house was 

unoccupied with windows shut, the temperature could reach 40 degrees on a hot day. Change 

of clothing and bedding was the most obvious effort they made in order to adapt to a warmer 

environment. Besides that, in order to control the temperature, the occupant installed shutters 

on the south-facing bedroom windows. The shutters are controlled by a weather station 

installed outside, which will close the shutters automatically when the inside temperature 

reached 24 degrees. 

[…] there's a little weather station there, measures wind speed, 
temperature outside and inside, and we can control that, brings it down […] 
and each area has its own thermostat, and I can set it maximum whole 
house, trigger whether it's holiday mode or whether it's mean to be heating, 
etc.  and we just don't turn it on.  

The occupants also suggested that they were more ‘conscious not to turn the heating 

on’, and ‘not to sleep with the windows open’ for fear of ‘defeating the idea’. On the other 

hand, there were certain things that are prohibited in Passivhaus design which require them 

to adapt to. The design did not allow any additional extract hood in the kitchen apart from 

the MVHR extract, or a vented tumble dryer, they had to search for alternatives. 

Summary 

The occupant started a discussion in a much broader context on sustainability. This 

motivation explained his excitement about the concept of Passivhaus as 'the right way 
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forward'. The motivation of ecology is very strong in implementing Passivhaus concept and 

spreading it out. The whole experience of building and living in Passivhaus has seemingly 

reinforced their original perception of Passivhaus as a sustainable housing solution. 

Evidentially, the occupants designed the house with more personal control. However, the 

design of the house itself did not have enough provisions for behavioural adaptation. The 

adjustments made to the house were largely add-on technical systems to resolve discomfort – 

especially to resolve overheating. These add-on systems were also enabled by the occupant’s 

personal interest and background in science and technology. The added technical system 

ensured the occupants to be ‘in control’ of their home environment.  

The adaptation/adjustment strategies are summarized as follows: 

 

Discomfort 
/problems 

Adaptive process Built environment 

Overheating 
(in summer) 

1. Fitting in external 
automatic blinds on 
south-facing bedroom 
windows, together with 
a weather station to 
measure the outside 
temperature. 
  

There was no natural shading on the site. The 
centralized plan of the house prevented it from 
achieving a good cross-ventilation.  
More importantly, the high windows were designed to 
be un-openable, which seemed to have missed the 
opportunity for stack ventilation. Meanwhile, it has 
been discovered that the filter on MVHR was never 
changed during the five years of occupancy. It was 
only cleaned with a vacuum cleaner by the occupants 
every six months. 

Individual 
temperature 
control of each 
room 

Underfloor heating in 
living space, individual 
thermostat in heated 
rooms 
 

 
Thermostat control in hallway – set to 23 degree 
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Thermostat control on heated tower rail in the main 
bathroom 

 

During the second interview and site visit in June, the above observation has been 

confirmed. The occupants have been actively involved in exhibitions and talks about their 

Passivhaus and their ecological values. They have also installed PV panels recently to make 

the house a near zero-carbon home. The PV panels also provides potential opportunities to 

power an electric car in the future.  

In comparison with PL and DO projects, this household exhibits a very different 

starting point in Passivhaus ideology. The occupant’s background as a science teacher, and 

his concern about climate change, has directed the design of their new house to have good 

energy performance. It is also evidential that because of the particular knowledge and skills 

the occupant has, in this household, the predominant method to resolve discomfort, or to 

achieve comfort, is through technological devises and automatic machines, rather than 

adaptation of behaviours.  

However, what has become an important process that more strongly linked between the 

case studies is the process of acquiring and reconciling comfort to suit personal sensations. 

Similar to DO project, the occupant of HI Passivhaus has shown growing knowledge on 

Passivhaus and sustainable strategies in general. This has also enabled him to experiment 

more technologies in aid of living a more sustainable lifestyle. Moreover, despite being a 

single family house and a one – off project, the occupant of HI house embraces and promotes 

the Passivhaus methodology, and shares it with a wider community. By exhibiting their 

houses and speaking about their experiences, the exchange of knowledge has benefited 

communities of potential Passivhaus clients, architectural students and professionals. This 

knowledge sharing presents very similar outcomes and effects with the collective learning 

process in multi-family dwellings such as DO project.  
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Case FO  

 
 
 
 
 
 

Project profile 

Project 
code Ownership 

Building 
type Construction type 

Bioclimatic 
region 

Heating and 
cooling load 

Primary 
energy 
demand 

FO 
Privately 
owned Detached Timber England SE & S 10W/m2 

112 kWh 
/(m2a ) 

Age 
group 

Occupation 
date 

Interview 
date Household size 

Floor 
area 

Participated 
in design 

Thermostat 
setting	

Annual 
Energy 
consumption	

18-60 03/2013 02/2015 4 210 Yes 18-20 6395 kWh/a	
	
Architectural properties  

The FO project is located in the southeast of England. It is the southernmost case study 

in this research. The house is 23 degree southeast facing, with full height glazing to the 

southeast. It has a timber construction, two storeys with a floor area of 210 square metres.  

Location Orientation 

 

 

	
The design of the house takes a rectangular form with a central hallway connecting 

rooms at either sides. The ground floor includes an open plan dinning/kitchen space, a 

separate living space and a double height entrance hall. The first floor has four bedrooms and 

two bathrooms, with staircase and landing area overlooking the double height hallway.  
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Ground floor plan First floor plan 
 
 

Elevation 
South Elevation West Elevation North Elevation East Elevation 

 

 
Regarding the technical specification, besides the standard MVHR unit and backup 

heating system, the occupant had also gone beyond the Passivhaus standard, and installed 

PV panels for electricity generation. According to the occupant, the house has now been 

made cost-positive.	 

Ventilation 
strategy Heating strategy Water strategy 

Shading 
strategy U values 

Paul Novus 300, 
open windows 

Post heater on 
MVHR, wood 
burner 

Solar thermal 
and PV panel 
connected to 
immersion 
heater Roof overhang 

Wall  
U = 0.145 W/(m2K) 
Floor  
U = 0.088 W/(m2K) 
Roof  
U = 0.121 W/(m2K) 
Windows 
Uw-value 
= 0.87 W/(m2K) 

User interface 
MVHR control panel Solar thermal control panel 
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Interview analysis 

The FO project houses a young professional couple and their two children. The 

occupants work as town planning consultants. The interview was conducted through Skype 

with the female occupant in February 2015, the family have been living in the house for 

nearly two years at the time of the interview. 

• Passivhaus ideology  
Similar to previous two case studies, the FO occupant’s last accommodation was poor 

in terms of thermal comfort. The house was described as an ‘old fashioned cob cottage’ with 

single glazed windows and no insulation. Furthermore, because of the material used, the 

house had to be maintained to ‘stay wet’ in order to prevent the chalk from crumbling. The 

house was mentioned by the occupant to be a ‘very cold, very draughty’, and ‘exposed’ 

place. After a comparison between heating cost and living cost, the decision was made to 

build a new home with a good energy performance: 

[…] it was a freezing cold winter, snow […] it was freezing and I had 
the heating on full blast and I was still cold. And I remembered we kind of 
worked out, we were kind of spending more domestic heating oil than on 
food per week. And I said it's ridiculous, we were always full, never 
hungry, but we were always cold, this is got to be wrong […] 

A considerable amount of research was done by the occupant since her decision, 

including a site visit to Denby dale Passivhaus, and a visit to eco-build exhibition in London, 

through which the idea of building a Passivhaus grew increasingly stronger. The occupant 

has admitted that they hoped to have a ‘British build’, traditional masonry house. Although 

in order to achieve the Passivhaus standard, the materials and techniques required at the time 

(2012) were still mostly Scandinavian-based. Therefore, the house was built with imported 

techniques and materials.  

• Home comfort 

In the research, in the design and construction process, overheating had been given 

more consideration than heating itself. The house was designed to emphasize natural 

ventilation and passive cooling strategy.  
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The house features large south 
facing fully glazed windows and 
limited shading, which 
effectively resulted in high 
indoor temperature in the 
central area.  

 
The issue was addressed very early on in design stage and was attempted to resolve 

firstly from architectural properties by focusing on cross ventilation strategy. This has been 

proved to be crucial for controlling overheating effectively as reported by the occupant. 

[…] in the summer, we had experiment, see if we could cool the house, 
using the bypass, yh, doesn't work. It doesn't move enough air quickly 
enough, even on speed 3. Actually the easiest way is to open the windows. 
So the cross ventilation comes as really critical, in the Passivhaus. […] [the 
architect] picked that up, and said you got to think about this, it was good 
point, thinking about orientation of windows, so you'd get throughflow, it 
was a good thing[…] 

As an ‘achievement’ for the occupant as a professional, as well as a home to the family, 

the new Passivhaus provides ‘comfort, freshness, and constant same temperature’. Similar to 

previous interviews, the occupants expressed high satisfaction with the thermal environment 

of the house, as well as the air quality. As a result of this even temperature, draught free, 

radiant heat free environment, the occupant suggested that she became more sensitive to 

temperature change, and sometimes can ‘detect one degree of [temperature] change’. This 

interesting change of perception was even more noticeable for her when she visited a non-

Passivhaus: 

[…]Now if I go to people's houses they got a cold floor or boiling 
radiator, I'm very very conscious of changes in temperature and radiant heat 
and draught. 

Similarly because of the highly insulated building envelope and the quietness provided 

by the double glazing, the occupant found that she became unaware of the outside 

temperature: 

[…] because you were so unaware of the outside temperatures, 
particularly because of the triple glazing, you can't even hear what the 
weather's like, lots of times I was going out completely underdressed, the 
conditions outside, I looked. oh it looked sunny and I go out flimsy top, and 
it's freezing, because you have no idea of the outside temperature[…] 
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Moving into this Passivhaus from an old cob cottage has been a big change for the 

occupants. The thermal comfort has been provided along with an unfamiliar indoor 

environment and necessary changes needed for achieving home comfort. The prevailing 

impression of adaptation performed by the occupants was in response to the indoor 

temperature increase. As a result of improved thermal environment, the occupants adapted 

clothing and bedding arrangements to suit a warmer house. On the other hand, this increased 

warmth of indoor environment has created overheating problems in the summer. Besides the 

natural ventilation strategy embedded in the design of the house, the occupant has also 

adapted certain behaviours in relation to temperature control. The occupant has described her 

strategy of ‘when to open which windows’ to ventilate for the best outcome.  

• Lifestyle change and adaptation 

What has also been reflected in this case was the conscious initiative the occupant took 

to explore and experiment on the technical system of the house. Similar to HI occupant, not 

only had the occupant learned and experimented to operate the MVHR for maximum benefit, 

she had also installed an outdoor weather station for monitoring outdoor temperature. In 

order to maximize the benefit of PV panels, the occupant has shifted her laundry schedule 

according to the weather, and only ‘put washing machine on when the sun is out’. In 

improving the hot water system, the occupant had installed another thermometer on the 

water tank for monitoring the water temperature. This device had helped her to integrate 

their domestic activity into the system: 

[…] What we have is we have a redial, on our hot water thermal tank 
that tells us what the temperature is in the tank, we look at the temperature 
and say ok, we need put it on for twenty mins to get the temperature up or... 
It's hot enough to have a bath or shower, but not enough for washing up you 
know, you need to get 60 degree for washing greasing dishes but you can 
have a shower at 42. and we only really heat the water when we need to 
[…] 

• Knowledge, information and communication 

Furthermore, having mastered the Passivhaus system from design to operation, the 

occupant started to ‘export knowledge’ for people that are considering building their own 

Passivhaus. The household participated in Passivhaus open-day to exhibit their house and to 

share their experience and knowledge. Because of the conscious effort to operate the house 

to perform its most, the occupant felt that the house is making herself ‘more eco, more 

green’. The occupant has also become more concerned about the thermal environment in the 
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house, which reflected in the numbers of thermometers been installed inside and outside to 

visualize the thermal environment. For instance, the hot water was controlled to specific 

needs because of being able to know the temperature to control accordingly; When the 

MVHR panel showed that the temperature is below 19 degree and the post heater is about to 

come in, the wood burner was used instead. The visibility of thermal condition has been 

proved to be an ‘enabler’ or ‘catalyst’ for a conscious manual control and behavioural 

adaption.  

Summary  

The concept of the house was derived from the fact that heating was costing more than 

food, the completed Passivhaus has evidentially improved the situation. However more 

importantly, the embedded sustainable concept of the Passivhaus system has made a 

psychological impact on the occupant. This change has suggested a greater benefit derived 

from Passivhaus typology. Different from the ideology of HI household, who was concerned 

about climate change, the ideology of FO occupant was similar to PL and ST occupants. 

Nonetheless, the interview with FO occupants demonstrated a very similar lived experience 

to HI occupant. Through active learning and self-exploration of the Passivhaus system, FO 

occupant has achieved better performance than predicted. The adaptations made by the 

occupants can be observed in the following table: 

Discomfort Re-figuration 
/Adaption process Built environment 

Overheating 
in summer 

Adapted clothing 
and bedding for a 
warmer indoor 
environment 
Adapted behaviour 
in opening windows 
‘intelligently’ to 
control summertime 
overheating 
 

 
 
 
 

 
 
 
 
 
 
 
 
The layout of the house features a linear room 
arrangements with shallower depth of each room, as 
opposed to a centralized layout re HI project, this 
arrangement enabled the air to move from one side of the 
house to the other. The double storey entrance space is 
also designed to utilize stack effect to add extra pull to the 
hot air for increasing the airflow. 
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Unaware of 
outdoor 
temperature 
 

Installed weather 
station outside 
 

Similar to HI project, the occupant installed a weather 
station outside the house to indicate outdoor temperature. 
However the reason for this action is different from HI 
project. Because of the highly insulated building envelope, 
the occupant had inaccurate expectations of the outdoor 
temperature when going out. In this case, the occupant 
uses the outdoor temperature as an indication of clothing. 

Not enough 
precision in 
controlling 
hot water 

Installed 
thermometer on the 
thermal tank to 
improve control for 
hot water 

This action indicates a growing awareness of the 
occupants towards energy consumption. By installing the 
thermometer, the occupant can arrange domestic activities 
according to the precise temperature of the hot water. 

 
(a model of a probe thermal meter for water tanks) 

Other Adapted schedule of 
operating washing 
machine and 
dishwasher to suit 
the PV electricity 
generation 

Similar to the adaptation above, this change of behaviour 
was not derived from resolving discomfort, but from a 
motivation to furtherly save energy. This change is 
enabled by the installation of the PV panels.  

 

On the other hand, it has also been implied in this case study that similar to social 

tenants of DO project, Passivhaus typology is a learned concept for private commissioners 

as well. The learning process does not stop when the building is completed, but continues to 

post-occupancy stage. Depending largely on the availability of information and support, the 

post-occupancy learning can result in different outcomes. 

FO project is the first studied case that addressed overheating issues with layout 

planning. The design of the building enabled effective cross ventilation and to an extent 

helped to promote adaptive behaviours such as open windows, in resolving overheating 

issues. The improved thermal condition, the expectations of even temperature and draught 

free indoor environment, along with a set of fine-tuned behaviours and new sustainable 

norms, have now made up the occupant’s experience of Passivhaus living. In the interview, 

the occupant also suggested that because of this improved indoor environment, her 

sensitivity to temperature change has increased. She is now more aware of temperature 

variations and draught in a non-Passivhaus. This change is perceived to be positive by the 

occupant. 
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Case HA 

 
 
 
 
 
 
 

Project profile 

Project 
code Ownership 

Building 
type Construction type Bioclimatic region 

Heating and 
cooling load 

Primary 
energy demand 

HA 
Privately 
owned Detached 

Timber frame with 
zinc cladding Scotland W 9 W/m2 

101 kWh 
/(m2a ) 

Age 
group 

Occupation 
date 

Interview 
date Household size 

Floor 
area 

Participated 
in design 

Thermostat 
setting	

Annual Energy 
consumption	

18-60 01/2013 02/2015 2 162.5 Yes n/a 	
 
Architectural properties 

The HA project is located in Ayrshire, south of Glasgow. Similar to the location of ST 

project, the house sits in the middle of a farmland. The house takes the form of a hayshed, it 

is constructed with timber frame and covered with zinc cladding for a simple and unique 

look. It has two storeys with a floor area of circa 160 square metres. 

Location Orientation 

 

 
	

Similar to CR project, this project also features an ‘upside down living’. The ground 

floor consists of the master bedroom, kitchen and dining area, one bathroom, and a utility 

room. The first floor is approached by a spiral stair in the dining area where a double-storey 

space is also created. The living room, study and a guest bedroom are located on the first 

floor. 
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Ground floor plan First floor plan 

 

Elevation 

Northwest elevation Southwest elevation Southeast elevation Northeast elevation 

 
 

The house has a standard Passivhaus system consisting of Paul MVHR and a wood 

burning stove as backup heating. Another set of backup heating of electric radiators and 

towel rails have also been installed. The occupant has recently installed PV panels to 

generate incomes, and to make the house carbon neutral.  

Ventilation 
strategy  Heating strategy Water strategy 

Shading 
strategy U values 

Paul Novus 
300, open 
windows 

wood stove and 2x 
electric radiators and 
2x towel rails 

Air source heat 
pump (connected 
to MVHR) 

Brise soleil to 
double storey 
glazing 

Wall 0.11 
Floor 0.12 
Roof 0.11 
Windows 0.84 

User interface 
MVHR control panel electric heated towel rail control panel 

	
  

 
 
Interview analysis 

The HA project houses a mid-aged couple with occasional visit from their children and 

grandchildren. The interview was conducted over telephone to the interviewee’s preference 

in February 2015. The family has been living in the house for two years at the time of the 
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interview. A second interview and site visit has also been conducted in May 2016, in which 

some previous observations and hypotheses have been confirmed. 

• Passivhaus ideology 

According to the occupant, the design of this house was built on a radical idea of 

lifestyle change. However, unlike CR occupants, the change in this case did not contain 

environmental concerns. Having experienced coldness, dampness, and high maintenance as a 

result of the design of the occupants’ old traditional farm house, the occupant has decided for 

a fundamental change of living environment. The occupant carefully considered the 

discomfort he experienced in his old house in relation to features of the architecture. These 

included temperature, humidity, and maintenance. As a result, Passivhaus methodology was 

considered by the occupant to be the best option that satisfied his requirements in every 

aspect of comfort. In his own words, this unique design of Passivhaus was a ‘reinvention of 

the idea of a house’. 

[…]  I don't want slates on the roof, don't want roof tiles, don't want 
slate, you know these funny little square things just... stupid. I don't want 
rough cast or bricks on the walls, because I just had so much experience of 
rough cast fall off and break, I had to paint things. I don't want anything to 
paint at all, outside the house, cos I've been painting the farm house every 
year for thirty years don't want anything sticking out, don't want any doors, 
windows, elevations, chimneys, conservatories, arches, cuz anything sticks 
out is a problem. That's where you get vulnerable flushing, where you get 
build up leaves, moss, that's where things can go wrong and need 
maintenance, I don't want it has to maintain, anything, anymore,[…]  

The outlook of the house followed the design 
intention with a compact rectangular form with no 
slates or bricks or paints used on the building 
envelope, or anything that ‘sticks out’ except a 
ventilation pipe. The timber frame was covered with 
a continuous layer of zinc cladding all the way round. 
The form has responded to vernacular style of a 
‘hayshed’. 
 

 

In addition to the desire for a comfortable and low maintenance house, the fuel cost to 

maintain a comfortable environment has been another major concern of the occupant. In a 

rough calculation with the figures provided by the occupant, his old house costed 

approximately 6700 pounds a year for space heating and domestic hot water, with three 

energy sources – electricity, oil and coal to service a house built without any insulation. In 
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comparison, the occupant has expressed high satisfactory with his current energy 

consumption. 

• Home comfort 

In addition to an improved thermal environment, what was more interesting in the 

comfort experienced was termed by the occupant as ‘a sociable lifestyle’, where he felt 

'comfortable with himself and with other people staying in the house', and ‘use the rooms 

more, in different ways’. Previous interviews have provided evidences of social comfort 

brought by a better serviced thermal environment, such as the ease of doing laundry, or 

privacy offered by triple glazed windows. In this case, the occupant suggested another kind 

of social comfort where the basic needs of 'keeping warm' has been ensured by default of the 

built environment, therefore more social activities can be built upon it. 

Located in west Scotland, the amount of sunshine every year was very limited. The 

occupant described one cold winter he experienced in the Passivhaus that he remembered 

vividly where it had been ‘weeks without any sunshine’. He had to use the wood burner most 

of the time during winter. He concluded the Passivhaus 'holds heat well but holds cold well 

too'.  

[…] if you are out for a period of time, everything in the house becomes 
cold, so the floor becomes cold, the wall becomes cold, the furniture 
become cold, it takes quite a lot to reverse back to heat, you got to heat up 
everything,[…]  

On the other hand, the building was designed to be so efficient in claiming solar gain 

that as the occupant found out, ‘only half an hour of wee bit sunshine every second day’ 

would sufficiently maintain a desirable thermal environment in the winter. However, this 

high efficiency of solar gain has posed the challenges just like in previous cases of 

controlling overheating in summer, the overheating problem has been stated by the occupant, 

and was related to the architectural features of the building. Specifically speaking, the 

overheating problem was more severe in the atrium area of the house: 

 […] We have a big area in the centre of the house we have an area that 
goes up to the full height of the house, glass all the way, I do find it 
that's the area that's the most unreliable. If it's gonna be cold anywhere 
in the house it's gonna be cold in that area, it's gonna be too hot in the 
house, it's in that area, […] because you get sunshine in the middle of 
summer, the heat there is unbearable, if you are eating dinner there, the 
sunshine...  
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• Lifestyle change and adaptation  

As part of ‘reinventing the idea of a house’, the occupant had designed the layout to 

feature an ‘upside down’ living. The logic behind it was also quite similar to CR project – to 

get the benefit of the view, as well as to manipulate the temperature variations among rooms. 

Not only has the house been designed to ‘move heat about’, the occupant has been 

‘evolving’ himself as he became more and more confident in controlling the heat and air in 

the house. The overheating has been controlled with installed blinds in post occupancy. The 

Brise soleil, or sunshades that was designed as external blinds was not used for this purpose, 

or was perceived not effective enough. By pulling the blinds, the occupant is also 

experimenting on creating slight temperature variation in the house, to 'move the heat about', 

in order to have cooler bedrooms.  

[…] we have a sun shades 
that attached to the building, 
to stop most of the summer 
sun, but we don't we are just 
now installing blinds to try. 
  

         
 

Furthermore, the overheating problem has been linked to design decisions that could 

have been optimized if the importance of such issue had been thoroughly considered. Adding 

more shades on windows and relocating wood burner to downstairs are two examples that he 

felt should have been given more consideration in design stage.  

There hasn’t been an active ‘learning process’ perceived by the occupant, as he 

repeatedly claimed that he was not interested in the technical side of the house. However 

throughout the occupancy, the occupant has developed a schedule to control MVHR, and 

learned to operate the windows ‘intelligently’ to control overheating, as well as reflected on 

his design decisions based on his experience in order to improve the house. The learning 

process seemed to have been embedded unconsciously in his everyday living.  

[…] I'm not trying to learn, I'm evolving. […] you know how it helps by 
closing blinds in certain room in the summer time, shut the blinds in the 
bedroom and the bedrooms are a lot cooler at night, you know which 
window to open, when to increase ventilation[…] 

Summary 

In a very similar context to ST household, fuel poverty was the biggest concern of HA 

household when he decided to adopt a Passivhaus model. The new house was designed to 
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provide a full spectrum of comfort with less energy cost. However different from ST 

household, the occupant in this case represents a more active participant in achieving a very 

individualized thermal sensation. The effort he made was no less than those more technically 

minded and ideology-driven occupants such as in HI and CR cases. The innovation of 

adopting Passivhaus methodology in order to achieve energy efficiency was also a manifesto 

for the occupants to live a different lifestyle. The many aspects of comfort embedded in 

designing and using this Passivhaus became a normality of everyday life, where the idea of 

home has evolved in the home owner’s ideology, and the occupant himself has co-evolved in 

a new norms of living.  

Discomfort Adaptation/Reconfiguration Built environment 
Overheating in 
summer 

More shading device 
(planned) 
 
Operating windows 
intelligently to ventilate 
 

 
The double-height space with large glazing 
makes the central area more vulnerable to 
overheating. On the other hand, this very 
space has also provided opportunities for 
natural ventilation. The doors and windows 
are all openable for effective natural 
ventilation. 
 

Low indoor 
temperature 
when 
unoccupied for 
a few days 
 

Fixed schedule to control 
electric towel rail 

The occupant found that the temperature of 
the house dropped when being left 
unoccupied. The occupant has since 
programmed the electric towel rail to heat 
the house on a fixed schedule to maintain a 
temperature. 

Unable to use 
wood burner 
for the fear of 
overheating 

Moving the wood burner to 
the ground floor (planned) 

The house features an open plan 
living/dining space on the ground floor, 
moving the wood burner downstairs would 
benefit this area and make the heat 
distribution more efficient. 
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Case TO 

 
 
 
 
 
 
 

Project profile 

Project 
code Ownership 

Building 
type Construction type 

Bioclimatic 
region 

Heating and 
cooling load 

Primary 
energy 
demand 

TO 
Privately 
owned Detached Timber Scotland E 10 W/m2 

33 kWh 
/(m2a ) 

Age 
group 

Occupation 
date 

Interview 
date Household size 

Floor 
area 

Participated 
in design 

Thermostat 
setting	

Annual 
Energy 
consumption	

18-60 04/2014 02/2015 3 193 Yes 18-20 4118 kWh /a 	
 
Architectural properties  

The TO Passivhaus is located in Aberdeenshire in Scotland, with a similar latitude to 

HI project. The house is south facing, with limited shading on site. It has a timber frame 

construction, two storeys with a floor area of 193 sqm. 

Location Orientation 
 

 
 

The ground floor consists of separate dining and living room, an open plan kitchen, 

utility room and a study. The upper level includes three bedrooms and two bathroom. All 

main living spaces – two main bedrooms, living room and dining room are all directly south-

facing. 
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Ground floor plan  First floor plan 

              
 

Elevation 

South elevation West elevation North elevation East elevation 

 
 

The house has a very similar service system to that of DO project. It has a wood 

burning stove, and solar thermal panels that provide heat for domestic hot water, backed up 

by immersion heaters. It also has underfloor heating in downstairs living spaces and heated 

electric towel rails in the bathrooms. 

Ventilation strategy  Heating strategy 
Water 
strategy 

Shading 
strategy U values 

Paul Novus 300, open 
windows 

wood stove and 
underfloor heating 
downstairs and two 
towel rails in the 
bathroom/en-suite 
upstairs 

Solar thermal 
panels and 
wood burning 
stove, backed 
up by 
immersion 
heater n/a  

User interface 
MVHR control panel solar thermal control panel 
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Interview analysis 

The TO project houses a young couple with a child. The interview was conducted 

through Skype with the male occupant in April 2015, the family have only been living in the 

house for less than a year at the time of the interview. Information has also been collected 

prior to the interview, through a web blog managed by the occupant. The blog is informative 

and educational with construction images and the owner’s commentaries and tips, which has 

attracted many prospective self-builders.  

At the time of the interview, the construction was yet to be completely finished. The 

occupants were living in the air-tight envelope while self-configuring the interior fittings and 

the technical facilities. The interview captured the very first stage of inhabiting a Passivhaus, 

where design decisions have been re-configured to suit their everyday living. 

• Passivhaus ideology 

When speaking about the house, the occupant had a quite detectable negative tone. The 

main reason has been revealed as his frustration towards some difficulties with contractors in 

the construction process. Because the construction company was not familiar with off-site 

construction, many errors were made during the assembly process, which contributed to a 

cost of money and time to the client.  

On the other hand, despite a negative tone caused by the stress, the comparison made 

between the occupant’s new house and their old house suggested a very positive evaluation 

and improvement as has been found in all previous interviews: 

[...] It was an old granite traditional building, it has some insulation, but 
not very much, we struggle to get it above 16 degree, and it would cost us a 
lot of money in heating to do that, so compare to where we were, it's an 
absolutely dream. […] in comparison to what we are paying in the last, 
3000 pounds a year.  We are also in a much much bigger house […] 

The improvement was a fit-for-purpose representation of their design intention to build 

an environmental friendly house which was also cost-effective in terms of energy use. 

Passivhaus was an idea the occupant ‘stumbled across’. The new type of housing has been 

studied by the occupant through information online, site visit to other Passivhaus and 

conversations with previous Passivhaus occupants. The difficulties and challenges of 

achieving Passivhaus standard has been fully acknowledged before the design stage. The 
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decision was made because the occupant considered Passivhaus model as ‘the sensible 

option to go down’.  

 

• Home comfort 

Similar to what has been mentioned in previous interviews (HI, FO, CR, HA), the 

architectural properties and backup heating system were designed to achieve a slight 

variation of temperature among different rooms. By adding underfloor heating only in living 

room, as well as designing big south-facing glazing area, the temperature in the living area 

has been fine tuned to stay one or two degree higher than the bedrooms. Furthermore, the 

strategy to achieve the variation by designing an ‘upside down living’ layout similar to CR 

project, has been mentioned on the occupant’s blog as something he could have done. 

[…] The other option if you are at a very early stage of the process of 
planning your house is to put your living space upstairs and bedrooms 
downstairs, this would require a lot less heating for the house overall[…] 

• Lifestyle change and adaptation 

The indoor environment has been appraised by the occupants, supported by quite 

commonly mentioned ‘comfort evidences’ such as ‘wearing less clothes’, and ‘laundry dries 

quickly’. The temperature has been kept between 18 -23 degree to the occupants’ preference. 

On the other hand, the integrated mechanical system has caused other aspects of comfort 

issues. The service system for hot water was different than previous projects. It included a 

thermal solar panel, a wood burner and a thermal tank. The solar panel was the default 

supply of energy source to heat water. The wood burner acted as a 'back boiler' to top up hot 

water storage whenever the solar power was not sufficient. Besides the domestic water, the 

system was also connected to an underfloor heating system. The system required the 

occupants to actively engage in operating the wood burning stove for hot water generation 

and underfloor heating to the change of the weather. What was in dispute here however, was 

that the occupant wanted to 'heat the house at any given time, when the house cools down'. 

And to do so required to light the fire fairly regularly, which was considered inconvenient by 

the occupants. To resolve this problem, the strategy he adopted was to fit in another electric 

heater controlled by a thermostat on the water tank, for an all-time supply of hot water. This 

re-configuration has inevitably increased the electricity cost, however, it was considered 

worthwhile to achieve convenience with a certain amount of cost:  

[…] Previously, we have a wood burning stove with a back boiler, heats 
the water, to be able to run underfloor heating, at very low temperature, 
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hm... that works as long as you got enough hot water in your tank, and the 
way you got the hot water in your tank is through the stove, so you got to 
make you sure you light the fire reasonably regularly, hm... so initially 
when I filled in the form I thought that was a bit of negative change, tight to 
having to do that. Now we've got a little electric heater, which means that if 
the... the temperature of the tank will never drop below the temperature 
which the underfloor heating runs. It increases our energy bill slightly yes, 
but it's mainly comfort and easy use, it's much much easier, it worth it[…] 

The occupant suggested that Passivhaus system as he experienced was a matter of 

'using the house to the weather'. The fact that this house was not automatically controlled has 

been considered a positive feature by the occupants when designing the house, but the 

occupants felt quite differently later on when using the house. So an extra electric device has 

been installed to prioritize convenience over energy efficiency. The occupant has also shared 

this experience on his blog and provided his solutions for other self-builder.  

Another problem suggested by the occupant occurred in the air quality and ventilation 

system, where the occupant detected fumes from the outside coming in from the supply duct 

through MVHR. The problem has been resolved shortly by the occupants with a charcoal 

filter added onto the MVHR.  

The control of service system has only been mentioned regarding winter times, 

developing habitual strategy in controlling summertime thermal environment hasn’t been 

addressed extensively. Instead of using MVHR post heater, the underfloor heating was in use 

most of winter days for an hour from beginning of November, through to February/March’. 

The reason for not using the post heater, was due to the worry that the post heater would 

make the bedrooms overheated. The occupant also suggested that they were ‘more aware of 

energy consumption’ as a result of living in a low energy house. And was confident in doing 

some improvements to reduce energy use.  

• Knowledge, information and communication 

The occupant learned PH knowledge on a self-taught base, by reading ‘designer’s 

guide’ Passivhaus books and following other self-builders' blogs and talking with PH 

occupants. Although the occupant was not a professional builder/architect, he learned PH 

knowledge by building his house, and started to feel confident because of the process of 

design, construction and occupation. He has started his own blog in sharing knowledge with 

prospective self-builders and made himself into part of the knowledge chain.  

[…] When you build a PH actually not many people knew how to do 
things and what should be done, so I found myself as capable as anyone 
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else, so to be honest it's not that hard. […] it's been ... I know it's started 
with negative experiences, but on the other hand I really really enjoyed the 
challenge building the house, it's very exciting.  

 

 

 

 

 

Extracted progress report pictures from the occupant’s blog. 

As mentioned before, the effort to set up a routine to provide heat in the new system in 

winter time has been weighed down by the convenience of available technical advances. The 

notion of automatic control that corresponded to popular thoughts as ‘set it and forget it’ has 

counteracted the feature of Passivhaus where the occupants are expected to be active 

controller of such system. The excitement and enthusiasm in the technical side of low energy 

living have attracted more attention and interest of the occupants, where the established 

general belief that providing convenience is the objective of such technical advances. The 

occupants hence settled into a more passive role.  

Summary 

The occupant started this project with great passion for benefiting the environment, and 

considered the change of daily routines with regards to the weather condition a good way to 

live. This perception has changed with the progression of the construction and post 

occupancy. Comparing with DO project, where a similar service system is installed, the TO 

occupant does not exhibit an active change of habit as has been observed in DO project. 

Instead, an electric immersion heater has been reconfigured into the system. The 

adaptation/adjustment made in this project can be observed in the table below: 

Discomfort Adaptation/Reconfiguration Built environment 

Issues with 
controlling the 
thermal tank 

The occupant installed an 
electric heater instead to 
avoid manual control 
 

n/a 

Poor air quality 
 

Charcoal filter installed in 
MVHR 

n/a 
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From this point of view, this case has confirmed the evolution of Passivhaus ideology 

as a result of design, construction and post occupancy process. The ecological value 

embedded in Passivhaus can both be strengthened and weakened following the change of 

ideology. It has also revealed the importance of different aspects of comfort to each 

household in making compromises in Passivhaus. Furthermore, the reconfiguration made in 

this household, and the occupants’ change of attitude towards Passivhaus demonstrates the 

learning curve occurred in the first stage of post occupancy, where the crucial process of 

reconciling comfort takes place. The result of such process could potentially mean a more 

energy-intensive practice that to some extent renders the sustainable value in Passivhaus 

obsolete.   
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Case LA 

 

 

 

Project profile 

Project 
code Ownership 

Building 
type 

Construction 
type 

Bioclimatic 
region 

Heating and 
cooling load 

Primary energy 
demand 

LA 
Social 
rental 

Mid terrace 
house Timber 

England NW& N 
Wales 8 W/m2 81 kWh /(m2a ) 

	

 
Age 
group 

Occupation 
date 

Interview 
date 

Household 
size 

Floor 
area 

Participated 
in design 

Thermostat 
setting 

Annual Energy 
consumption 

LA1 18-60 10/2012 04/2015 3 65 No 18-20 
Appr 1500 
kWh /a 

LA2 18-60 12/2014 04/2015 2 85.5 No 21-23 2400 kWh /a  
	
Architectural feature  

LA project is located in Lancaster, overlooking river Lune. The project is unique in 

many ways, but the feature that makes it stand out is the ideology behind it. It’s a cohousing9 

project with houses built to Passivhaus and code 6 sustainable homes standard, the 

community-orientated sustainable living surpasses indoor comfort the Passivhaus brings. 

The project was initiated by a small group of people in 2006, and is now accommodating 41 

households in total. Largely due to its novelty concept of ‘cohousing’ as a new way of 

sustainable living, this project has attracted many attentions from both media and research 

scholars.  

Location Orientation 
 

 
                                                        
9 Cohousing is a housing development that balances the advantages of home ownership with the benefits of 
shared common facilities and connections with your neighbours. These co-operative neighbourhoods are 
designed to encourage both social contact and individual space, and are organised, planned and managed by the 
residents themselves. 
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The houses are built as several rows of terraced house, the majority faces south. The 

interviewed two households both occupy a mid-terrace house. LA1 occupant owns a two 

bedroom house, LA2 occupant owns a three bedroom house. The design of the houses use 

modular techniques. The two households share similar layout and elevation. The ground 

floor includes an open plan kitchen and living/dining room. The first floor includes 2 or 3 

bedrooms.  

Ground floor plan First floor plan 
2 bedroom 3 bedroom 2 bedroom 3 bedroom 

  

Elevation 
North elevation South elevation 

 
 
 
 

 
Ventilation 
strategy  Heating strategy Water strategy 

Shading 
strategy U values 

Paul Novus 
MVHR, 
opening 
windows Biomass boiler 

Biomass boiler, 
rain water 
collection 

Vegetation at 
some part of the 
project, first 
floor balcony, 
curtains 

Wall 
U = 0.12 W/(m2K) 
Floor 
U = 0.14 W/(m2K) 
Roof 
U = 0.098 W/(m2K) 
Windows 
U = 0.905 W/(m2K) 

User interface 
MVHR control panel 
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The two occupants interviewed do not belong to the initial group of cohousing, hence 

do not have any influence in design and construction process. They purchased the completed 

houses in 2012 and 2014 respectively. The interview was conducted in April, 2015. 

Interview analysis 

Quite in contrast with DO case study, where all four occupants represented more 

similarities in their experience than differences. The two interviewed occupants in this 

project showed very distinctive evaluations, experiences, and opinions. For the nature of this 

particular project, becoming a part of the cohousing community has been a huge change for 

both of the occupants. Especially for LA1 occupant, who has embraced the ideology of 

cohousing completely in many ways. Her lifestyle has been changed dramatically in relation 

to the concept of cohousing. She actively engaged in the activities arranged by the 

community, such as communal meals and cooking, sharing of facilities such as cars, laundry 

machine, and has taken an active role in the management committee of the cohousing 

community. LA2 occupant on the other hand, has only recently joined the cohousing group, 

and lived relatively independently to the community. 

• Home comfort 

In the interview, both occupants were quite satisfied with the temperature of the house, 

although they have different perception of ‘comfortable temperature’. LA1 occupant set the 

thermostat to 18 degree during winter, while LA2 occupant set it much higher – 21 to 23 

degree, and would adjust it from time to time according to her perception. The differences 

occurred not only because of personal preference, but also as a reflection of daily habit in 

relation to energy saving. When being asked if 18 degree was a bit cold, LA1 occupant 

suggested that it’s good practice to wear more clothes instead of turning the heating on. And 

because the house had an ‘even temperature, and draught free environment’, 18 degree was 

perceived to be warmer than in a traditional house.  

LA2 occupant on the other hand, considered her house as not having an entirely even 

temperature, especially between rooms upstairs and downstairs. The bedrooms upstairs can 

get very hot on a sunny day, and too warm and stuffy at night than her preference. 

Meanwhile, the lack of individual room temperature control was described as a discomfort 

for her.  

In terms of air quality, both interviewees agree the air is a bit dry in the house but did 

not compromise the comfort. Drying laundry indoors and keeping plants seemed to be their 
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strategies of increasing the humidity. It has been noticed that in a few houses there had been 

a ring of dust around the supply hood in the living room. This hasn’t been observed in other 

Passivhaus projects. The adjacent construction site could be a possible cause for the extra 

dirt in the air. 

LA2: […] people say it makes the 
house more dusty, you have to clean and 
dust more, Yh, if you look up there, I was 
actually going to clean, there's a ring of 
dust around the extract. It could be [from 
the construction site nearby], I do sort of 
notice that it's quite fluff and dusts, don't 
know.  

• Lifestyle change and adaptation 

Another discrepancy occurred between the two occupants was on the design of the 

housing layout. The properties in Lancaster cohousing ranged from 1 bedroom flat 

(40.4sq.m) to 3 bedroom house (98.1sq.m). The two interviewees belonged to a 2 bedroom 

house and a 3 bedroom house, both houses had two floors. The floor area of these two 

houses were by far the smallest among all case studies. Restricted by the size, the interior 

layout was quite awkwardly planned out. The bedroom sizes in a typical 2 bedroom house 

were 2500x5150 and 2000x5150. The 3 bedroom houses were only 1 meter longer. LA2 

occupant, who was the owner of a 3 bedroom house, and also an architect herself repeatedly 

suggested in the interview that the rooms were 'quite small, smaller than most of houses in 

England'. As a result, LA2 occupant altered her 3 bedrooms into 2 bedrooms after the 

handover. According to her, most of the residents after purchasing the houses, made 

alterations to the layouts.  
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LA2: […] so this one has bedrooms 
upstairs there and there and one on the front, 
one goes across the front. Here they split, 
but I knocked down the wall in the middle, 
because I just wanted a big space upstairs, 
had very small bedrooms, all bedrooms are 
very small, in all of the houses. So that's the 
change.  

 

 

Bedroom 2 in a three bedroom flat TV mounted on stairs in a three bedroom flat 

 

LA2 occupant suggested that the construction quality was also quite disappointing in 

terms of internal finish. LA1 occupant on the other hand, quite happy with the layout, she 

appreciated the flexibility of an open plan living/dining space. Because she has been having 

meals in the communal kitchen, she would consider an even smaller kitchen. It has been 

observed that the layout, especially the living/dining space has been designed to encourage a 

specific lifestyle, where by default, the occupants were expected to use the communal 

kitchen more than their private kitchen and dining room.  

LA1: I like the fact that it's open plan living area, cuz it makes it more 
flexible, so we can have it how we wanted it now, or people can change it. 
The only thing that I might do differently now is to have a smaller kitchen. 
It's already a very small fitted kitchen, but I'm having so many communal 
meals and shared meals, hardly ever cook at home. 

• Knowledge, information and communication 

What has been agreed on between the two interviewees was the intuitiveness of 

technical system in this case. The operating system has been perceived to be easy to learn 

and simple to control. Apart from the MVHR system, the project employed district heating 

system powered by biomass boiler. The only radiator in the living room was controlled by a 

single–point thermostat, while the other heating source -  heated towel rail had its own 
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thermostatic control. The interviewees changed MVHR settings very rarely, but would make 

sure it was switched on at all times. An induction session was given to new residents, and an 

operating manual specially designed for Lancaster residents was available online. Both 

interviewees felt their level of Passivhaus knowledge has been increased. 

Not only the accessibility of the information and manuals made the transition into 

Passivhaus occupant easier, the learning process was also benefited from knowledge sharing 

among cohousing members. As LA2 occupant suggested, there were people who ‘tend to 

know more about the system’, and would give recommendations and answer others’ 

questions via email or in person. It was regarded to be an effective way for problem solving. 

For example, LA2 occupant improved her water tank insulation based on her neighbour’s 

suggestions, in order to reduce the extra heat generated from the equipment. Furthermore, an 

energy auditing committee is established by a group of members to review the energy use of 

the whole community. LA1 occupant has been actively involved in this process. With two 

years energy data, the committee was able to try and identify the cause of excessed energy 

use in each household.   

Summary 

LA Cohousing Passivahaus is the second multi-family dwelling examined in this 

research. It is also a quite unique case in this research, the ‘culture of cohousing’ sets out a 

much bigger framework where Passivhaus buildings were only a small part of the whole 

sustainable living concept. In this particular case, the changes in the occupants’ daily lives 

due to the concept of cohousing could hardly be completely separated from the changes as a 

result of living in a Passivhaus. The main behavioural adaptation that could be identified that 

was caused by Passivhaus system has been the process of controlling overheating. In the 

interview, both occupants LA2 occupant was particularly concerned about overheating. This 

worrying was a direct result from her professional intuition that overheating could be caused 

by having a south facing window without any shades. It was also because the thermal 

environment in winter was much warmer than she expected. To deal with this concern, she 

has planned in putting in shading and blinds on the windows, she also moved from the south-

facing bedroom into the north facing bedroom (bedroon3) to sleep, and changed her 

beddings. However, having lived through a few summers in the Passivhaus, LA1 occupant 

believed the overheating was not a problem as long as you ‘manage the temperature’ of your 

house, which included ‘closing curtains during the day’, ‘open windows during the night’, 

these habits have been developed over her period of occupancy. 
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LA1: When you actually in there, learning to lose the curtains on a 
sunny day, you know it's not difficult, it's just you find out when you come 
back to work, the temperatures gone up to 28 degrees, you know, you 
should close the curtains really. 

On the other hand, the bigger change of lifestyle for the residents in this project had 

been motivated by the cohousing concept, which included having a car club to reduce car 

use, sharing facilities such as kitchen and washing machines etc.  For LA1 occupant, who 

has joined the scheme early on and is heavily involved in community management, has 

found her lifestyle becoming more eco-friendly as a result of what she called ‘social norming 

effect’. Living with people who ‘chose to do different things’ has psychologically motivated 

her to be as sustainable as she can. Although for LA2 occupant, who stayed in a slightly 

more independent strip of terraced flat, didn’t feel her lifestyle has changed hugely, the 

design of those flats have individual car parking space and washing machine, so with all the 

amenities provided, she found herself ‘just got to live my life the way I always do’.  

The two occupants interviewed made a contrasting comparison in the project itself. 

Living in two very similar flats, the two households demonstrated very different experiences 

regarding thermal environment, air quality, layout among other comfort measures. Besides 

the difference in occupancy length, the two households represented two sets of ideologies, 

one of which embraced a complete change in lifestyle, whereas the other showed adaptations 

with reservations. The discrepancies in this case study has to an extent confirmed the 

importance of Passivhaus ideology in affecting the overall received comfort and the 

adaptations practiced to reconcile comfort.  

Discomfort Adaptation/Reconfiguration Built environment 
Overheating in 
summer 
(LA1,LA2) 

Adapted clothing and 
bedding for a warmer indoor 
environment 
Changed sleeping habit (LA2 
moved to a different 
bedroom) 
Behavioural adaptation for 
controlling overheating, 
control windows and blinds 
(LA1) 
 

Bedroom 3 faces due North. LA2 
occupant moved to this bedroom also in 
order to avoid morning light. 
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Overheating by 
technical 
equipment(LA2) 

Extra insulation on thermal 
tank 
 

The thermal tank is located on ground 
floor, underneath the stair landing. The 
heat generated from the tank is 
exemplified by the compactness of the 
layout. 

Unable to control 
individual room 
temperature 
(LA2) 
 

No adaptation   

Headache caused 
by air quality 
(LA2 speculation) 
 

No adaptation  

Rooms too small 
(LA2) 
 

Two bedrooms converted to 
one big bedroom (LA2) 
 

 

Kitchen too big 
(LA1) 
 

No adaptation  
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Appendix E: Research Ethics and Research Process  

This research complies with Level 1 Ethical Review. The check-list for self-review is as 
attached:  
Example of letter to establish initial contact 
 
 
 
Dear	Mr.	Ross,	
		
I'm	a	PhD	student	in	University	of	Edinburgh,	doing	a	research	on	Passivhaus	and	occupants	
experience.	I'm	writing	to	ask	if	it's	possible	that	you	could	put	me	in	contact	with	the	
residents	living	in	Saltoun	Passivhaus	project?	I'd	very	much	like	to	send	out	a	questionnaire	
survey	on	their	experience	of	living	in	the	house,	and	follow	up	to	do	interviews	if	possible.	
Please	let	me	know	should	you	have	any	questions	regarding	my	research.	Thanks	in	
advance.	The	link	to	the	questionnaire	survey	is	as	
follows:https://docs.google.com/forms/d/1_vxp2csE2P7lIEz24YPzueXkBbtXBxOBWif5FHdT
TvQ/viewform	
		
		
Best	regards	
Jill	
		
Jill	Zhao	
PhD	Candidate	in	Architecture	
ESALA	
University	of	Edinburgh	
5.09	Evolution	House,	78	West	Port	
EH1	2LE,	Edinburgh,	UK	
00447741010213	
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Appendix F: Table of open coding for 15 interviews 

 

 

Case DO3 

 
Name Sources References 
Technical support 1 15 

personal interest as motivation to learn 1 2 
easy to operate 1 1 
stopped worrying about keeping the house warm 1 1 
Not actively using MVHR 1 1 
community advice for air quality 1 1 
No intentional habit change 1 1 
keeping the house cool 1 1 
community knowledge sharing 1 1 
willingness to learn 1 1 
Prefer simple control 1 1 

Passivhaus typology 1 1 
Co-evolvement 1 5 

Getting used to be in a community 1 1 
Passivhaus Typology 1 1 
Receiving Comfort 1 6 

thermal environment 1 3 
air quality 1 1 
linking health to air quality 1 1 
health and safety 1 1 

Passivhaus Ideology 1 3 
previous experience 1 3 

Reconciling Comfort 1 1 
temperature tuned to personal thermal sensation 1 1 

Prefiguration 1 1 
architectural properties 1 1 
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Case DO4 
 

Name Sources References 
Reconciling Comfort 1 2 

change of bedding 1 1 
Receiving Comfort 1 1 
Passivhaus Ideology 1 4 

previous experience 1 4 
Technical support 1 15 

trial and error 1 1 
support and maintenance 1 1 
learning curve 1 3 
lack of information 1 1 
intensity of information in soft landing 1 2 
in control 1 1 
community knowledge sharing 1 1 
collective learning 1 1 

Co-evolvement 1 5 
exceeds expectation 1 1 

Prefiguration 1 1 
architectural properties 1 1 

Passivhaus Typology 1 1 
 
  



  

 315 

Case HI 
 

Name Sources References 
Passivhaus Typology 1 1 
Passivhaus Ideology 1 5 

the construction experience 1 1 
Ecology as motivation 1 2 
The right way forward 1 1 
previous experience 1 1 

Technical support 1 2 
feeling in control 1 2 

Prefiguration 1 5 
Constraints other than PH standard 1 3 
Virtual living experience 1 1 
focal point 1 1 

Receiving Comfort 1 7 
Air quality 1 1 
Thermal environment 1 1 
home comfort 1 4 
Justifying capital cost 1 1 

Reconciling Comfort 1 3 
Adapting to change 1 3 

Co-evolvement 1 2 
Preoccupied meaning of Passivhaus 1 2 
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Case ST 
 
 

Name Sources References 
Co-evolvement 1 4 

habit change and continuous energy consciousness 1 1 
continued energy consciousness 1 1 
PH as part of sustainable living 1 2 

Receiving Comfort 1 8 
much more even temperature 1 1 
very low energy bill 1 1 
big temperature range 1 1 
perception of 'cold temperature' change 1 1 
thermal mass and overheating in summer 1 1 
sensittive to temperature variation 1 2 
multifaceted comfort 1 1 

Reconciling Comfort 1 7 
monitored temperature 1 1 
behaviour adaptation to deal with overheating 1 1 
learning by building 1 2 
change in habit 1 1 
habit change 1 1 
psychological adaptation 1 1 

Technical support 1 5 
no thermostat controlled heating system 1 1 
manually controlled heating 1 1 
routine of knowing 1 2 
automatic system 1 1 

Prefiguration 1 5 
move heat about and upside down living 1 2 
extra internal gain from composting 1 1 
efficient hot water system 1 1 
semi-off grid living 1 1 

Passivhaus Typology 1 1 
Passivhaus Ideology 1 12 

modelled on another project 1 1 
'operating the house to its design intention' as motivation 1 1 
traditional energy consumption for traditional social norm 1 1 
previous experience 1 1 
financially beneficial 1 2 
capital cost 1 1 
capital cost and PH as norm 1 1 
big experiment 1 2 
rationale of sustainable living 1 2 
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Case CR 
 
 
 

Name Sources References 
Co-evolvement 1 4 

habit change and continuous energy consciousness 1 1 
continued energy consciousness 1 1 
PH as part of sustainable living 1 2 

Receiving Comfort 1 8 
much more even temperature 1 1 
very low energy bill 1 1 
big temperature range 1 1 
perception of 'cold temperature' change 1 1 
thermal mass and overheating in summer 1 1 
sensittive to temperature variation 1 2 
multifaceted comfort 1 1 

Reconciling Comfort 1 7 
monitored temperature 1 1 
behaviour adaptation to deal with overheating 1 1 
learning by building 1 2 
change in habit 1 1 
habit change 1 1 
psychological adaptation 1 1 

Technical support 1 5 
no thermostat controlled heating system 1 1 
manually controlled heating 1 1 
routine of knowing 1 2 
automatic system 1 1 

Passivhaus Typology 1 2 
Prefiguration 1 5 

move heat about and upside down living 1 2 
extra internal gain from composting 1 1 
efficient hot water system 1 1 
semi-off grid living 1 1 

Passivhaus Ideology 1 12 
modelled on another project 1 1 
'operating the house to its design intention' as motivation 1 1 
traditional energy consumption for traditional social norm 1 1 
previous experience 1 1 
financially beneficial 1 2 
capital cost 1 1 
capital cost and PH as norm 1 1 
big experiment 1 2 
rationale of sustainable living 1 2 

 
  



 

 318 

Case FO 
 
 
 

Name Sources References 
Co-evolvement 1 2 

habit change for lowering energy use 1 1 
exporting knowledge 1 1 

Receiving Comfort 1 10 
cost positive 1 1 
even temperature 1 2 
'nice to have a bit radiant heat' 1 1 
thermal environment and changed in object 1 1 
maintenance issue 1 1 
PH as 'climatic fortress' 1 1 
opt out MVHR for a cooler bedroom 1 1 
prediction vs consumption 1 1 
no need to think about it 1 1 

Reconciling Comfort 1 9 
conscious of change in temperature 1 2 
habit change and open windows 1 1 
controlling overheating and behaviour adaptation 1 2 
change of bedding and behavioural adaptation 1 2 
operating to its best and psychological adaptation 1 2 

Technical support 1 9 
conventional temperature control 1 2 
thermal environment and automatic control 1 1 
manually controlled by needs 1 1 
routine of knowing 1 1 
visibility of thermal environment 1 1 
simple control 1 1 
trial and error 1 1 
fine tuning 1 1 

Prefiguration 1 4 
efficient internal heat gain 1 1 
controlling overheating and architectural properties 1 1 
cross ventilation being critical 1 2 

Passivhaus Ideology 1 4 
previous experience 1 3 
research and difficulties in constructing PH 1 1 

Passivhaus Typology 1 3 
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Case HA 
 
 
 

Name Sources References 
Passivhaus Ideology 1 9 

previous experience 1 3 
previous experience and prioritizing comfort 1 1 
'reinvent the idea of house' 1 3 
finding the right architect 1 1 
PH being a part of 'reinvented house' 1 1 

Prefiguration 1 6 
abandoned design elements 1 1 
'unreliable area' and architectural properties 1 1 
natural ventilation and architectural properties 1 1 
'move the heat about' 1 2 
upside down living 1 1 

Technical support 1 6 
knowing the system 1 1 
perception of 'the economics' and not knowing 1 1 
routine of knowing 1 1 
not interested in technical control 1 1 
basic 'induction' 1 1 
increased knowledge and confidence on PH system 1 1 

Receiving Comfort 1 9 
sunshine-dependent indoor temperature 1 2 
'hold the heat and cold very well' 1 2 
relaxed and comfortable 1 1 
contrast with previous experience 1 1 
'sociable lifestyle' 1 1 
power of sun 1 1 
bigger temperature difference 1 1 

Reconciling Comfort 1 2 
reassurance 1 1 
controlling overheating 1 1 

Co-evolvement 1 1 
'evolving' and routine of knowing 1 1 

Passivhaus Typology 1 4 
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Case TO 
 
 
 

Name Sources References 
Passivhaus Ideology 1 3 

'stumble' into PH 1 1 
previous experience 1 1 
interest and knowledge 1 1 

Passivhaus Typology 1 1 
Prefiguration 1 4 

Difficulties in construction 1 1 
contingent problem and prefabricated structure 1 1 
layout 'just right' 1 1 
constructing PH learning by doing 1 1 

Technical support 1 7 
routine of knowing 1 2 
confidence level and problems 1 1 
self-taught PH knowledge 1 1 
knowledge and reducing energy use 1 1 
efficiency of solar thermal and weather dependent 1 1 
configure MVHR control and contingent issues 1 1 

Receiving Comfort 1 7 
air quality 1 1 
thermal environment 1 1 
low priority in privacy 1 1 
'tight' and convenience over efficiency 1 2 
heating up 1 1 
domesticity 1 1 

Reconciling Comfort 1 4 
routine of knowing and psychological adaptation 1 1 
dress code change 1 1 
seeking temperature variation 1 1 
not using post heater and seeking temperature variation 1 1 

Co-evolvement 1 1 
community knowledge sharing 1 1 
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Case SA 
 
 
 
 

Name Sources References 
Passivhaus typology 1 1 
Passivhaus Ideology 1 5 

previous experience 1 1 
PH as a mean to gain planning permission - contingency 1 1 
'right way forward' 1 2 
'dream house' 1 1 

Prefiguration 1 5 
automatic system - 'set it and forget it' 1 1 
designed to suit occupant's needs 1 1 
structure system 1 1 
prioritizing comfort in design 1 1 
controversial style 1 1 

Co-evolvement 1 6 
liveability comes first  1 1 
sensitive to temperature change 1 1 
skepticism on efficiency 1 2 
not motivated financially to increase efficiency 1 2 

Receiving Comfort 1 4 
multifaceted comfort 1 2 
evidence of comfort 1 1 
perceiving physical comfort through social means 1 1 

Reconciling comfort 1 6 
behavioural adaptation 1 1 
controlling overheating 1 1 
modifying system and getting in control 1 1 
'routine of knowing' 1 1 
psychological adaptation 1 1 
learning period 1 1 

Technical support 1 2 
developed skepticism from visiting Passivhaus 1 1 
information not effectively communicated 1 1 
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Case LA1  
 
 
 

Name Sources References 
Passivhaus Ideology 1 3 

culture of cohousing 1 1 
ideology over cost 1 1 
culture of cohousing and growing up 1 1 

Prefiguration 1 3 
flexible for adjustment 1 1 
privacy and site 1 1 
construction quality ensures performance 1 1 

Technical support 1 5 
trust in mechanical temperature balance 1 1 
manage the temperature 1 2 
routine of knowing 1 2 

Receiving Comfort 1 6 
thermal environment 1 2 
temperature setting to personal sensation 1 1 
rationalized temperature control 1 1 
dry clothes quickly 1 1 
energy use to individual lifestyle 1 1 

Reconciling Comfort 1 4 
behavioural adaptation 1 1 
keeping plants for extra humidity 1 1 
community knowledge sharing 1 2 

Passivhaus Typology 1 1 
Co-evolvement 1 5 

culture of cohousing and evolved sustainable living 1 1 
community energy monitroing and auditing 1 1 
evolved sustainable living 1 2 
making energy consumption accessible 1 1 
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Case LA2 
 
 
 

Name Sources References 
Passivhaus Ideology 1 9 

Inentional decision vs. Non-intentional decision for Passivhaus 1 2 
Involvement in the project 1 1 
Professional experience 1 4 
Previous experience 1 2 

Technical support 1 3 
Set it and ignore it 1 1 
Community knowledge sharing 1 1 
Desire to manipulate heat 1 1 

Receiving Comfort 1 11 
Thermal environment 1 4 
Air quality 1 1 
Architectural properties 1 5 
Lighting 1 1 

Co-evolvement 1 5 
Sceptical about air quality 1 2 
Taking warmness for granted 1 1 
Intepretation of Passivhaus concept 1 1 
Evolving intepretation of Passivhaus concept 1 1 

Prefiguration 1 2 
Evaluating construction quality 1 1 
Focal point 1 1 

Passivhaus Typology 1 1 
Reconciling Comfort 1 10 

Justifying disappointment 1 4 
Adaptation strategy 1 5 
Psychological adaptation 1 1 
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Case SL1 
 
 
 

Name Sources References 
Passivhaus Ideology 1 5 

being near family as priority 1 3 
previous experience 1 1 
nostalgia for old house 1 1 

Prefiguration 1 2 
requirement in adjusting architectural properties 1 1 
reversed layout 1 1 

Technical support 1 13 
restricted user control 1 2 
Not knowing 1 4 
information not well delivered 1 2 
no control activity 1 1 
not knowing and irregulated behaviour 1 1 
not knowing and ineffective learning through support and maintenance 1 1 
not knowing the consequences 1 1 
intensity of information and effectiveness 1 1 

Receiving Comfort 1 13 
no hot water for bath 1 2 
thermal environment 1 1 
temperature change with internal gain 1 2 
individual thermal sensation 1 1 
sheltered 1 1 
thermal environment in summer 1 2 
air sensation good 1 1 
comfort and domesticity 1 1 
good privacy 1 1 
safety issue 1 1 

Passivhaus Typology 1 1 
Reconciling Comfort 1 5 

psychological internal gain 1 1 
adjusting internal fittings 1 1 
adjust clothing in behavioural adaptation 1 1 
community knowledge sharing 1 1 
community knowledge sharing and ineffective learning 1 1 

Co-evolvement 1 1 
negative feeling towards experimental living 1 1 
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Case SL2 
 
 
 
 

 
 
 
 

Name Sources References 
Co-evolvement 1 3 

evolving meaning of PH 1 3 
Reconciling Comfort 1 6 

personal interest and learning to control 1 1 
wanting to adjust fittings 0 0 
wanting to adjust fittings and previous experience 1 1 
Self-regulated window opening behaviour 1 1 
sustainability linked to energy bill 1 1 
learned information on behaviour and energy cost 1 1 
learned habit change and not knowing 1 1 

Receiving Comfort 1 9 
privacy provided by triple glazing 1 1 
thermal environment 1 1 
bath water not hot enough 1 1 
thermal envrionment in summer 1 1 
previous experience and energy cost 1 2 
missing the noise and triple glazing 1 1 
air quality good 1 1 
expected energy bill lower 1 1 

Technical support 1 11 
information not delivered effectively 1 1 
setting not suited for occupancy pattern 1 1 
communication issue in delivering information 1 1 
not knowing 1 3 
concern about overheating derived from media 1 1 
not knowing and ineffective smart metre 1 1 
not knowing and wanting to adjust fittings 1 1 
ineffective delivery of information 1 2 

Prefiguration 1 5 
design problem 1 2 
privacy and reversed layout and triple glazing 1 1 
good sized rooms 1 1 
Construction issue 1 1 

Passivhaus typology 1 1 
Passivhaus Ideology 1 8 

interested in experimenting Passivhaus living 1 1 
previous experience 1 2 
previous experience and style 1 1 
adapting to rural life and previous experience 1 3 
professional background affected perception of PH 1 1 



 

 326 

  



  

 327 

Appendix F: Art work -  SA, PL, HA and HI project elevation 

 


