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Abstract. International policy settings are looking toward low-energy and near 

zero-energy homes as a solution to address environmental impacts, particularly 

anthropogenic climate change. There is increasing research evaluating sustaina-

ble housing developments from a technical and occupant perspective. One of 

the key determinants of household energy use is tenure. However, there is lim-

ited research which has looked at if tenure impacts on how occupants experi-

ence low-energy homes. This paper contributes to the literature by exploring 

three low-energy housing developments and exploring the role of tenure in rela-

tion to how the households experience the dwellings. The case studies demon-

strate that social housing tenants have frustrations with a lack of control over 

what they could, or could not, do to their low-energy dwellings, in comparison 

to owner-occupier housing.  
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1 Introduction 

The requirement to transition to a low carbon or low-energy housing future is well 

established [1]. Organizations such as the Intergovernmental Panel on Climate 

Change [2] and United Nations (through their Sustainable Development Goals [3]) 

have highlighted the role that low-energy housing will play in achieving a more sus-

tainable and equitable future. This position is supported by the increasing evidence of 

the wide range of benefits that low-energy housing provides to occupants and broader 

society [4-12].  

There are increasing examples around the world of housing developments which 

deliver significantly improved sustainability and liveability outcomes. More well-

known examples include BedZED in the UK, Solarsiedlung in Freiburg, Germany and 

zHomes in the US [13-15]. Research into such developments has found they can now 

be delivered for little, or no, additional costs in comparison to traditional housing 

while having improved energy efficiency and other sustainability outcomes [8, 16-

20].  

Whilst there has been a large body of research demonstrating the energy and envi-

ronmental benefits of exemplar low-energy houses from a technical perspective [18, 



 

21-23], more recently researchers have started exploring how occupants use and expe-

rience such dwellings [24-26]. There has also been a stream of research exploring 

challenges with increasing uptake of sustainability strategies across the housing sector 

from the perspective of the building owner and/or occupants. For example, the issues 

of ‘split-incentives’ for renters and landlords [27-30]. However, this occupant re-

search tends to overlook the simple question of do they like low-energy homes? This 

paper contributes to the literature by exploring three case studies of low-energy hous-

ing exploring the occupant experience and drawing out considerations of tenure. 

1.1 Tenure And The Sustainable Housing Challenge 

There is a strong relationship between household energy use and tenure globally [31-

34]. For example, Druckman and Jackson [32] found that tenure was a key factor to 

household energy use in the United Kingdom, Issacs et al. [34] found tenure a factor 

in New Zealand, Hache et al. [33] found tenure a factor in France, and Mashhoodi 

[31] noted the link with tenure in the Netherlands. Typically, research has examined 

the impact on sustainability from three key types of tenure; owner-occupier, private 

rental and social/public housing [35]. Much of the research points to renters having 

less control over what actions can be done to the home and less ability to financially 

take action. Parag et al. [36] argue that that the likelihood of energy efficiency action 

and change is linked to levels of agency and capacity, and in the case of renters, irre-

spective of their agency (or interest) for action, their capacity to take action is im-

paired. 

There is an increasing focus on tenure within the policy and research realm in the 

face of increasing housing supply and affordability challenges globally. For example, 

rapidly increasing house prices in Australia means that home ownership is further out 

of reach for many households and a generational shift in financial thinking is seeing 

increasing numbers of younger people rather spend their money on consumables such 

as travel and life-style activities than locking themselves into long-term mortgages 

[37]. 

Tenure has also been part of the broader sustainable housing policy discussion. 

There has been a recognition that there are different opportunities and challenges 

depending on if you are an owner-occupier or if you are a landlord or renter. Owner-

occupiers, especially those in detached housing, are seen as having significant oppor-

tunities to make modifications to their property to improve sustainability outcomes, 

although significant capital costs and the disturbance to the home that accompanies 

retrofit limit the extent to which this is taken advantage of. Whereas there is the issue 

of ‘split incentive’ which is seen in rental properties. This is where the landlord pays 

for a sustainability improvement, but the benefit of that is enjoyed by the renter; this 

means that private landlords are often reluctant to spend money if they do not see a 

financial return [35]. The counter argument is that the more a home is environmental-

ly sustainable and thermally comfort, the higher the rent can be charged and the more 

happy occupants will likely be, reducing the amount of churn and associated costs. 

However, this lends itself to concerns relating to rent increases and gentrification in 

the private rented sector. Social housing itself also has a different set of challenges 



 

with social housing providers often trying to balance the need for more housing with 

sustainability outcomes [26]. However, social housing often has particular advantages 

in comparison with individual landlords in the private rented sector, such as the econ-

omies of scale enjoyed when carrying out improvements across co-located properties, 

relatively consistent maintenance regimes across properties, access to technical teams, 

and availability of temporary accommodation for decanted tenants. Social housing 

providers tend to also have an interest in tenant welfare and financial health, relating 

these to social responsibility policies as well as rent arrears reductions. 

The research which looks at tenure and sustainable housing tends to focus on the 

opportunities and constraints of each. However, there is limited research which has 

looked at if tenure impacts on how occupants experience low-energy homes. This 

paper contributes to the literature around that through the following case studies. 

2 Method 

To address the aim of this paper, three case studies of occupant’s experiences of 

low-energy housing are presented. Two of the case studies are from Australia and one 

from the United Kingdom. Each has had broader evaluations and analysis of each 

development, including technical evaluations of performance, presented elsewhere 

[18, 20, 24, 26, 38, 39]. This paper however looks at these developments from the 

perspective of the occupant’s tenure and their energy related experiences. 

The analysis of each case study draws upon semi-structured interviews with the 

households (n=38). The interviews explored how occupants were using, and not us-

ing, their dwellings from an energy end-use perspective, and how design and sustain-

ability technology elements were impacting on this, including opportunities and limi-

tations due to tenure. Interviews were audio recorded and transcribed. Thematic anal-

ysis was conducted to draw out key ideas from the households. 

The first case study is of a retrofit of 32 social housing flats across two blocks in 

Greater Manchester, United Kingdom. These flats were retrofitted in 2015 to a Pas-

sivHaus equivalent (EnerPHit) standard. Nine occupants were interviewed in 2016, 

five of which had lived in the flats prior to retrofit and returned following period in 

temporary accommodation. The second case study is of four low-energy social houses 

located in Horsham, regional Victoria, which were constructed in 2012 by the State 

Government of Victoria to demonstrate exemplar low-energy housing and to inform 

future minimum building performance requirements. A three-year evaluation of the 

housing development was conducted between 2012-2015 which included yearly in-

terviews with the occupants in each low-energy dwelling. The third case study comes 

from a purpose-built environmentally sustainable housing development at Lochiel 

Park in Adelaide, South Australia. This development contains just over 100 dwellings 

which were constructed between 2009 – 2017 and which are primarily owner-

occupied. The Land Management Corporation (currently known as Renewal SA) was 

the developer and established, in conjunction with industry and academic experts, the 

Lochiel Park urban design guidelines developed [UDG] for the area that aimed to 

significantly reduce: potable water consumption by 78%; delivered energy consump-



 

tion by 66%; and greenhouse gas emissions by 74%. This development consists of 80 

mainly detached or semi-detached houses and 23 apartments. Twenty-five households 

were interviewed for this research. 

By bringing these case studies together this paper aims to explore the issue of ten-

ure as it relates to how occupants are experiencing their low-energy housing. The 

cases cover owner-occupied housing and social housing tenures and cover different 

housing typology including detached housing and medium density apartments/flats as 

well as retrofit and new build. This allows the paper to explore similarities and differ-

ent, while recognizing the limitations of generalizing from such a small sample size. 

3 Case study analysis 

3.1 PassivHaus Standard Retrofit in Manchester, UK 

Social housing provider One Manchester undertook a retrofit of 32 units across two 

blocks in 2015. The retrofit was undertaken to a PassivHaus standard, regarded as one 

of the most innovative residential building standards in the world. The retrofit was 

driven by a need to improve rundown buildings and improve occupant outcomes both 

within the flats (e.g. lower bills) and around them (e.g. reducing anti-social behavior). 

Monitored performance from seven of the retrofitted flats found they were performing 

as expected and were ‘highly controllable and comfortable’ (Sherriff et al., 2018). 

During the process, residents were decanted to temporary accommodation when it 

was found that the work would be more disruptive than anticipated. This case study is 

distinct from the other two in that it is a retrofit, rather than new build, and in a heat-

ing- rather than cooling-dominated climate. 

The household interviews found that most households were positive about the end 

result of the retrofit, especially in relation to the improved thermal performance, re-

duced energy bills and perceived improvement to health and wellbeing outcomes. 

They stated for example: 

“Previously, when we were here... on a day like this, we would [be] in this room, 

be sat with coats and, oh my God. Oh, it was horrendous and when we came in here, 

it's like, wow. It was different. It was warm.” 

In relation to improved health and wellbeing, one tenant saw improvements in 

terms of their asthma whilst another remarked that her son had been able to sleep 

better since the retrofit and that “because of the quietness as well he’s got time to 

study”.  

However, while the majority of households were pleased with the retrofit, a mi-

nority reported issues. For example, in relation to changes to thermal comfort one 

household raising the issue of draughtiness and another household stated that it could 

be stuffy at times. There were also different degrees of understanding amongst the 

residents about the PassivHaus retrofit and how the retrofitted flats and new technolo-

gies worked. Despite a range of education being provided to households (including 

face-to-face meetings and technical information booklets) there was still a level of 

uncertainty about some elements. While some residents spoke of knowing how to 

access further assistance, there was a sense that some tenants felt that there was a 



 

‘correct’ way to live in the properties “to manage the properly according to how they 

expect me to manage it”. As one resident stated: 

“None of us really got the scientific part… and, to be honest, it was very high tech 

for a lot of people round here.” 

In addition, some residents expressed frustration over a lack of control they had 

over their flats post retrofit. This included elements such as having the hot water boil-

ers locked away and only accessible to maintenance staff as well as the circuit breaker 

powering this locked, so that they could not adjust the temperature of the water as 

they had done previously or switch the unit off; there were also examples of being 

told that they could not organize their own window cleaners due to concerns about 

damaging the façade of the building. Similarly, one resident spoke of how they were 

not allowed to install their own satellite dish due to the same concerns. Another con-

cern raised was that the retrofit process consolidated energy services at the building 

level and residents were no longer able to select their own energy provider. Not all 

concerns related directly to the building itself. Some residents spoke of the overly 

strict rules around the garden and the limitations placed on the types of planting and 

species of trees allowed. Whilst unrelated to the energy development, this appeared to 

add to a sense of imposition: “I quite like gardening. So that was a bit disappoint-

ing.” 

In terms of anti-social behavior, tenants have since taken ownership of these retro-

fitted dwellings, whereas previously these had been “trashed”. The was now safer as 

a result of tripled glazed windows and had been transformed from one of England’s 

most deprived areas to an area where some tenants “are now happy to invite friends 

over”. 

Overall, the residents were generally very positive about their retrofitted home. 

However, it was clear that there was a lack of control felt by the social housing resi-

dents about what they could, or could not do, in and around their flats after the retro-

fit. While this did not significantly impact on their experiences, it did leave some 

frustrated despite all the improved liveability outcomes from the low-energy housing. 

 

3.2 Catalyst housing, Horsham, Victoria 

The four low-energy houses were built to a 9 Nationwide House Energy Rating 

Scheme (NatHERS) Stars thermal comfort performance which translates to a predict-

ed heating and cooling energy load of 25 MJ/m2/yr compared to the minimum build-

ing code requirement 6 Star build 110 MJ/m2/yr. This performance is close to the 

PassivHaus standard. The houses also included 1.5kW photovoltaic systems on each 

property. These houses were occupied by low-income tenants with the housing pro-

vided by the Department of Human Services (a Victorian state government depart-

ment). The analysis of the technical performance of the dwellings found they per-

formed as expected. For example, as an average across the dwellings they purchased 

62% less electricity, had 50% less CO2 impact and were thermally comfortable (with-

out air conditioning) 10% more of the time [26]. 

As with the Manchester case study, the residents were generally very pleased with 

the houses and felt they performed extremely well. The residents reported lower ener-



 

gy bills, improved thermal comfort and improved health and wellbeing outcomes. 

With a generous (60c/kWh) feed-in-tariff from the photovoltaic systems, all house-

holds were in credit at different points across a year, with two being in credit at all 

times, even after three years: 

“Look I haven’t paid any off my power bill in six months and I’m still in cred-

it…$882 [currently in credit].”  

In relation to thermal comfort they all found the housing to perform significantly 

better than previous dwellings.  

“Well, we both feel the heat pretty well but when it was 42 degrees outside, it only 

got to 29[°C] in here…when it was three degrees below zero this was 15 degrees 

inside on that morning, that’s without any heaters being on, 15 degrees. So that’s 

good.” 

While the experiences of the residents were generally positive, there were some is-

sues raised. In particular there has been some difficulties early on in relation to the 

photovoltaic system. Initially when the residents moved in they were needing to com-

plete the commissioning process to have the systems turned on. This proved challeng-

ing for the residents, but it was not long before the housing provider completed this 

process on their behalf. In addition, one of the systems failed and another was acci-

dentally switched off. These issues were not picked up until the next energy bill cy-

cles and required residents to follow up with the housing provider for maintenance. 

While these issues were ultimately fixed, one resident estimated they lost around $200 

in solar feed-in-tariffs while their system was off. This is no fault of the housing pro-

vider or the residents but highlights the challenges of both understanding how differ-

ent sustainability elements work and how to maintain them.  

While most of the residents seem to be using their dwellings as designed, one 

household challenged one of the key design features. The dwellings included high 

celestial windows which when combined with a ceiling fan were meant to help vent 

hot air during the summer. However, this household felt the windows were on the 

wrong orientation and in fact let more hot air in than it let out.  

Overall, it was clear the occupants in the houses were satisfied with them and were 

very house proud during all the site visits for the research. As with the Manchester 

case, there were some points raised which related to the tenure of the housing and 

around how much control the households had. 

3.3 Lochiel Park, Adelaide, South Australia 

Unlike the previous two cases, Lochiel Park contained a combination of mainly own-

er-occupier detached and semi-detached houses, and also 23 low-income/affordable 

housing apartments. All dwellings were designed to achieve a NatHERS rating of 7.5 

stars (a predicted heating and cooling energy load of <58MJ/m2/year) which was sig-

nificantly higher than the minimum requirement at the time of their design and con-

struction (5-6 stars) and the development is still regarded as an exemplar of sustaina-

ble housing in Australia.  

The apartments were built in response to a new requirement at the time of a mini-

mum allocation of 15% affordable housing within a new development in SA. Note 



 

that seven of the 23 apartments are owner occupied, however the remaining are 

owned by government or private agencies, and that interviews have not yet been car-

ried out with those in these apartments as the residents frequently change. From some 

preliminary discussions with tenants in the apartments, many have noticed the signifi-

cant thermal comfort improvement from previous dwellings and that they have a de-

vice that provides heating and cooling. Despite the highly efficient reverse cycle air 

conditioner installed in each apartment, many commented that it this was somewhat 

frustrating to use, as it only has one vent/outlet in the living room, and that a lack of 

cooling or heating in the bedrooms was disappointing. 

The houses at Lochiel Park are predominantly owner-occupier and are mostly de-

tached housing; in this regard most of the initial owners of the properties would have 

had some level of say over the design, performance and finish of the dwellings. In 

addition to high thermal performance, the houses also included other sustainability 

elements such as: solar passive design (correct orientation etc.), double-glazed win-

dows, gas-boosted solar water heaters, high-efficient appliances, rainwater harvesting 

and include a grid-connected photovoltaic system of size 1.0kWp/100m2 of habitable 

floor area. Research over more than a decade since the initial homes were constructed 

have found they performed well in comparison to the initial targets discussed earlier 

(e.g. 64% reduction in net energy compared with target of 66%), as well as across a 

range of other metrics, with some achieving a net zero energy performance outcome 

[18, 24].  

This quantitative performance is supported in the most part with the qualitative da-

ta from the households. As with the previous two case studies, almost all households 

perceived their home to be more sustainable, have lower bills, improved thermally 

comfort and improved health and wellbeing outcomes in comparison to their previous 

home.  

“More comfortable, heaps more. When you get up in the morning it’s not cold. … 

It seems to run about ten degrees lower [from the maximum] in summer, and ten de-

grees higher [from the minimum] in winter.” 

“Yes, there is no doubt that this is a lot less to run than our last house.” 

However, while the households were overall very happy with their housing, there 

were still some issues raised. For example, some households found their experiences 

of comfort was not uniform across the seasons. Two fifths of the households men-

tioned that they suffered periods of discomfort during summer heatwaves and almost 

all said that the upstairs areas were uncomfortable during summer’s higher tempera-

tures. In some respect the occupants seemed surprised that this was the case given the 

eco credentials of the development. This is less surprising for researchers given that 

NatHERS is based on the design of the house and the quality of the build, and that 

NatHERS predicts a thermal energy load and subsequent star rating and does not rate 

a dwelling on expected temperatures or levels of thermal comfort; this is one common 

criticism of the NatHERS scheme.   

Unlike the preceding case studies, most of the households in Lochiel Park found 

the additional technology elements easy to operate, however two households ex-

pressed being uneasy or unsure about how to optimise the settings on their solar water 

heater. Operating a passive solar house was not perceived to be difficult, with most 



 

households stating they felt it is easy to operate the various shade and ventilation 

options to maintain desired levels of thermal comfort. 

It was evident that the ownership of the housing in Lochiel Park, and relative free-

dom to influence design and technology outcomes initially, and then once construct-

ed, gave the households more of a sense of control in relation to sustainability than 

the social housing case studies: 

“It’s easier to live more sustainably now. In the last house we spent a lot of money 

with little effect, but here it is much easier. It’s also easier because a lot has been 

done for us and it has been cost effective to invest in improvements.” 

This case study has found that the experience of households in these purpose-built 

low-energy homes is overwhelmingly positive although residents were quick to point 

out that these homes are far from perfect.  

4 Discussion 

Across the three case studies it was clear that the households were generally very 

happy with their more sustainable dwellings. They recognized the benefits they pro-

vided including reduced bills, improved thermal comfort and improved health and 

wellbeing outcomes and these benefits applied across retrofit and new build and heat-

ing- and cooling-dominated climates, albeit through a small amount of case studies. 

While in the social housing cases the households were often aware that these houses 

were better for the environment, it was not a driving consideration for how they used 

the dwellings. However, for the owner-occupied dwellings in places like Lochiel 

Park, they have consciously chosen to live in a low-energy home, although this may 

not have been the primary reason for the choice of housing, and to some extent they 

are invested in the technologies and systems that deliver a low-energy outcome. 

There were other differences as well relating to tenure. In the social housing exam-

ples, there was an expressed frustration around some elements of control. Given the 

reliance on high performance building fabric of low-energy housing, there may be 

even less that occupants can do to dwellings they are renting due to concerns about it 

negatively impacting on performance. The PassivHaus Standard for example is very 

strict about the performance of air tightness so anything which puts holes into the 

walls (e.g. for a satellite) would likely compromise the performance. Whilst a sense of 

control can be considered intrinsically valuable for tenant wellbeing, the examples in 

Manchester, including window cleaning, access to satellite television, and personali-

zation of gardens, directly affect aspects of quality of life that were clearly important 

to tenants. They also related to factors such as choice of energy supplier, that which 

could, although there is no evidence that they did, affect tenant’s day to day costs. 

These case studies also suggest that tenancy has a bearing on how householders 

learn about and get the best energy performance out of their building. Whilst some of 

the Manchester tenants felt they did not understand all the technical aspects, they 

benefitted from booklets produced by the housing provider that were specially tai-

lored to their situation and to advice from housing staff; this was similar to the Hors-

ham example. 



 

Part of the challenges of tenure highlighted in this paper are also likely to do with 

the fact that low-energy housing remains a niche housing performance and so the 

broader public has not yet typically had experiences of what it means and may not 

have experience in the energy practices necessary to achieve high performance. It will 

take time to educate households about low-energy houses and what it means to live in 

them and how they can, and cannot, be used. In some ways this relates to households 

needing to leave behind their old housing energy practices. 

5 Conclusion 

This paper set out to explore whether tenure impacts on how occupants experience 

low-energy homes. The evidence collected from these three case studies highlights 

two important findings in relation to tenure and low-energy homes: (a) there is no 

discernable difference in regard to the positive nature of the experience; and (b) for 

renters, it is noticeable low-energy homes provide additional constraints and freedoms 

beyond which they experienced in previous homes. In all case studies it is clear that 

residents of low-energy homes enjoy heightened levels of thermal comfort, greater 

access to the energy services they desire, lower energy bills, and associated health and 

wellbeing benefits. For renters who may not have the same level of choice about 

where they live, there is a noticeable frustration due to the addition of new constraints 

that come with not being able to make changes that alter the efficiency of the high 

performance building fabric. Yet at the same time, the financial freedom of lower or 

non-existent energy bills, releases low income households to take further action. 

Looking at this from the perspective of agency and capacity for action, it may be that 

to some extent low-energy homes provide no change to the physical capacity for 

action but may increase the financial capacity for action. There is also some emerging 

evidence that low-energy homes may increase resident’s agency for change, whereby 

households in low-energy homes may feel obliged or encouraged to take further 

sustainability actions. In conclusion, the deeply personal nature of the benefits 

experienced in low-energy homes means that although the benefits were similar 

irrespective of tenure, the impact of those benefits may be greater to renters, 

particularly those on lower incomes. 
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