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Abstract

:

This study evaluated the actual environmental behaviours in an eco-development case study in the UK, which was designed to enable more sustainable lifestyles. Data analysis was based on the resident responses to a development-wide questionnaire survey (n = 89), household interviews (n = 12) and waste measurements. Reported energy- and water-saving behaviours were fairly common. The mean waste recycling rates (45% to 60%) were similar to local and national averages, and were below the target of 80%. The mean rates of purchasing organic food (37%), growing food (31%) and meat consumption (in 36% of all meals) indicated that the food behaviours were not more pro-environmental. Car-based modes of transportation were used for 71% of all the reported trips on average, which was higher than the national average, and the target of 55%. Despite these reported behaviours, most of the residents regarded their new lifestyles as more sustainable. This was related to the notion of energy efficiency and low-carbon technologies, rather than changes in behaviour. The findings of this study and similar studies indicated that enabling environmental behaviours in new developments is challenging. New policies need to be more holistic and support the delivery of not only well-performing buildings, but also developments that make sustainable urban living a reality.






Keywords:


eco-development; sustainable neighbourhood; net zero carbon urban design; environmental behaviour; sustainable lifestyle












1. Introduction


1.1. Policy Context


Preventing the worst impacts of climate change requires dramatic strengthening of national policies [1]. Given the climate emergency, the UK Government committed to a net-zero economy target for 2050 [2]. Household lifestyle/behavioural changes will play an essential role in meeting the national [3] and global climate goals [4]. The proposed national pathway to net zero requires reducing demand (between 10% and 40%) for the key carbon-intensive behaviours: driving, household waste and the intake of meat and dairy [3]. In this context, it is critical to identify and introduce effective strategies that can encourage such behavioural changes [5].



It is believed that human behaviour is shaped by external factors (such as physical settings) and personal factors (such as attitudes, norms and habits) [6]. The impact of personal factors seems to dominate over contextual factors in household consumption-based emissions [7]. Among a large number of models of consumer behaviour [8], for instance, the Theory of Planned Behaviour [9] fairly successfully explains travel mode choices, waste recycling, water use and meat consumption, where the balance between costs and benefits is a determining factor. Although shaping environmental behaviours with external factors seems to have been less systematically examined [10], this approach is still deemed more effective than altering personal values and attitudes [11]. Regarding human settlements, new urbanising areas are thought to offer the greatest carbon-reduction potential, as their physical characteristics are not yet locked in [12]. Hence, spatial and urban planning are increasingly being regarded as important demand-side strategies for reducing carbon emissions [13,14].



Planning has been given a central role in the UK’s sustainable development and in mitigating climate change [15,16]. The Government’s vision for new sustainable neighbourhood-scale developments was demonstrated in the former eco-towns [17] and the current garden towns and villages [18] housing schemes. However, both schemes were criticised for allowing low-density developments on greenfield sites, which was associated with urban sprawl and other issues [19,20,21,22,23]. The National Planning Policy Frameworks [24,25,26] were deemed insufficient in ensuring that the dramatic action needed to support the net-zero economy goal was demonstrated in local and neighbourhood plans [27,28].




1.2. Eco-Developments


Over the last two decades, an increasing number of urban eco-developments addressing sustainability and environmental challenges have been planned and delivered worldwide [29]. Despite their growth in numbers, due to the lack of policy drivers and market demand for more sustainable housing, the eco-developments have mostly been delivered as one-off demonstration projects [30,31,32]. The developments have varied in spatial scale, from small housing projects to eco-cities. The neighbourhood scale is deemed particularly suitable for combining urban design and new technologies [14], offering the potential to respond to and reinvent locality [33,34], benefitting from economies of scale [35] and generating new learning [36].



Eco-developments can utilise different sustainable planning principles, urban systems and technological measures in addressing their design objectives [37,38,39,40,41,42]. The recurrent design approach prioritises implementing energy efficiency and low-carbon technologies, which reduce emissions intrinsically, minimise resident involvement and do not require changes in lifestyle or personal values [43,44]. Achieving further carbon reductions by providing bicycle lanes, urban gardens and other on-site measures that could enable or limit household environmental behaviours is considered far less certain [45].





2. Literature Review


This section presents a literature review regarding the evaluation of environmental behaviours in eco-developments. The significance of eco-developments really depends on the extent to which the design aims have been achieved during the occupation (in-use) stage [42]. However, actual environmental behaviours are rarely evaluated against the design aspirations in new developments. The evaluation of the outcomes of neighbourhood-scale planning is not mandatory in current policy. In addition, the advantages of understanding the impacts of local planning can be overshadowed by concerns in regard to the time, costs, needed expertise, data availability and exposure of potentially poor results [46].



The in-use evaluations of eco-developments tend to focus on the energy and carbon performance of case study buildings [47,48,49,50]. However, it is argued that the scope of evaluations should expand from building performance to household lifestyles. Due to the Jevons paradox [51] and other behavioural factors, energy efficiency alone is insufficient for achieving reductions in overall energy demand and in household footprints [52].



Available studies that evaluated actual environmental behaviours, and the impact of the implemented design measures in eco-developments, are briefly presented in Table 1. The selection captured housing developments and neighbourhoods, excluding evaluations of city-scale eco-developments, such as Tianjin in China [53]. Evidence from the selected studies should be interpreted with caution, due to the possible biases associated with the self-selection of the participants, social desirability, stakeholder’s involvement in the study and non-academic sources [54,55].



Differences in the local contexts, design intents, assessment criteria and research methods made it difficult to effectively compare the findings of the presented studies. Although some eco-developments achieved the set targets for car-use reduction, most of the studies reported that the actual household behaviours were not more sustainable, as anticipated. The lack of lifestyle changes in Vauban and Hammarby developments was attributed to the top-down planning approach, which excluded residents from the planning process, assuming that the provided design measures would be accepted and used as envisioned. In the BedZED and Derwenthorpe studies, it was argued that a more significant reduction in household footprints would require broader sustainability measures, which would reduce the environmental impacts of household behaviours occurring beyond the small sites of the eco-developments.



Due to the small number of rigorous evaluations, the potential of eco-developments in encouraging pro-environmental behaviours is still not well understood. Considering the urbanisation trend and the vital role of behavioural change in meeting climate objectives, more empirical evidence about actual behaviours and achieved carbon emission reductions is urgently needed. In response to this context, this study evaluated environmental behaviours in an eco-development case study in the UK, which was designed to enable more sustainable lifestyles. Compared to other evaluations of eco-developments, which are often focused on particular behaviours or on estimating footprints, this study presents a more systematic analysis of a broad range of behaviours regarding energy, water, waste, food and transportation.




3. Methods


3.1. Case Study


The case study development encompassed the initial two completed phases of a planned four-phase town extension. The two phases consisted of 157 dwellings, mainly terraced houses. The development was designed to become an exemplar of sustainable living. Consequently, it aspired to achieve a wide range of ambitious environmental design targets in regard to dwelling performance and household behaviours. Table 2 presents the design targets related to the environmental criteria of interest in this study.



In order to achieve the targeted energy performance, dwellings were provided with highly energy-efficient fabric, appliances, in-built lights and heating systems. Households were provided with smart energy monitors providing real-time information about energy use and generation. Direct connections to roof-mounted photovoltaic (PV) panels allowed households the opportunity to yield benefits from the generated energy. Regarding transportation, waste and food behaviours, it was hoped that the provided on-site facilities and amenities would make it easy for households to behave more pro-environmentally.



Setting an 80% target rate for recycled and composted waste could be regarded as quite ambitious, considering the district’s mean rate of 55% [66]. Apart from the conventional kerbside bins and communal recycling bins, households were provided with kitchen and garden compost bins. In addition, the local authorities provided support by holding informational stands during major community events.



The planned provision of low-impact foods in on-site shops, via large allotments, community orchards and other edible landscape was sidelined in the actual delivery. At the time of the survey, opening on-site shops was still not feasible due to the small development scale; the planned edibles were substituted by decorative plants, while the allotments were significantly downsized and still under construction.



Provided only with a primary school and a small office building, the development’s households depended on the services in the surrounding urban area. The provided transportation measures included a bus line to the town centre (with further train and bus services), discounted bus tickets, an on-site folding-bike rental service, an electric car club, private electric car chargers and limited parking for the households in flats and all visitors. The existing road infrastructure offered detached bicycle lanes for only about half of the distance to the town centre.




3.2. Methods


Similar to evaluations presented earlier in Table 1, this study was based on a case study. Although this limited the generalizability of the findings, the case study approach can allow studying contextualised and complex phenomena, such as eco-developments, from multiple aspects and in greater depth [67,68].



In order to capture household behaviours, a development-wide questionnaire survey was conducted. The results from the first part of the questionnaire, which used the Building Use Evaluation method [69], are not presented here. This text focuses on the responses to the second part of the bespoke questionnaire named Lifestyle Evaluation, developed by the authors of this paper. The questionnaire sample can be found in Appendix A.



The Lifestyle Evaluation questionnaire was divided into five main topics: household background, energy and water use, waste recycling, food choices and transportation. The questionnaire was designed to be concise, spanning only two A4 pages, with the aim of encouraging resident participation and maximising the response rate. The design combined categorical questions, six- and seven-point Likert scales and matrix questions, and provided some space for qualitative comments. Environmental behaviours were addressed with questions about the frequency of behaviours, the usage of the provided on-site measures and the perceived impact of the measures on behaviours. In order to contextualise the results, the majority of the questions were adopted from questionnaires used in national and local surveys or in studies of similar eco-developments.



The survey was conducted over a period of ~3.5 months, in 2018. Using a door-to-door approach, the authors of this paper approached all the households in the development, offering voluntary participation in the survey. Each interested household was offered to take up to two self-administered questionnaires for two adults, to be completed without the presence of the authors. Completed questionnaires were then physically collected in agreement with the residents, typically two or three weeks after the questionnaires were handed out.



The survey results showed that the questionnaires were completed by 63 households living in houses (49% of all houses), and by only one household living in a flat, from a total of 28 flats in the case study development. In order to make the study findings more robust, the response from the household living in a flat was removed from the final household sample. The sample was considered representative of the case study development in terms of the house typology and development phase. However, households from social housing were slightly underrepresented (12% less). As two adults completed the questionnaires in 26 households, the final sample consisted of 89 questionnaires. From now on, the resident sample (n = 89) that completed the questionnaire will be referred to in this text as ‘residents’.



All the households that completed the questionnaire were also offered the opportunity to participate in a semi-structured interview, as a part of a wider evaluation focused on dwelling performance. As a result, out of 63 households, 12 households agreed to be interviewed. This text reported the responses to questions about household behaviours in regard to smart energy monitors and solar PV panels.





4. Results


4.1. Household Background


The majority of the residents reported holding a degree or higher qualification (63%), which was significantly higher than the average for England [70]. The higher levels of education found in this study, and higher levels of occupation [45] and income [57] reported in other eco-developments, indicated higher socio-economic backgrounds for the households in the eco-developments. Residents have chosen to move to the development primarily due to the characteristics of the dwellings (78%), followed by the development’s eco-credentials (46%), potential energy and water savings (43%), and, lastly, the access to work (37%) and family or friends (23%). In other eco-developments, the architectural characteristics of the development were similarly regarded as most important by the households [45,60,62,71].



Studies have indicated that environmental attitudes were not associated with household consumption [72] or carbon footprints [57]. However, gathering insights about environmental attitudes in eco-developments could indicate if such locations attract more eco-minded households. When compared to national averages, the residents’ responses to three questions about environmental attitudes demonstrated only an increase in the awareness about the personal impact on climate change (Table 3), which was weakly associated with higher education levels (rs = 0.30, p = 0.009). In a similar notion, in two other eco-development studies, households appeared to be slightly more knowledgeable but not more concerned about the environment [45,73].



As seen in Table 3 and Figure 1, the residents’ perceived occurrence of eco-friendly behaviours did not significantly differ from the national averages. Contrastingly, more than two-thirds (70%) of the residents saw their new lifestyles as more eco-friendly than before (Figure 2). The perception of having a more eco-friendly lifestyle was weakly associated with feeling more cautious in using energy (τc = 0.36, p < 0.001) and in recycling waste (τc = 0.34, p = 0.002), with noticing lower electricity bills (rs = −0.24, p = 0.038) and with the use of major appliances in order to exploit the PV electricity (rs = −0.22, p = 0.045).




4.2. Energy and Water Behaviours


As observed in Table 4, statistical analysis suggested that the responses to three questions about common energy- and water-saving behaviours were not significantly different, compared to the national averages [74].



More than two-thirds of the residents (72%) reported that living in their new home made them feel more cautious in using energy. This was slightly higher than the rate reported in 13 other eco-developments [45]. This difference was attributed to a more widespread provision of energy-efficient features in the case study dwellings. About a third (36%) of the residents felt more cautious in using energy due to the provided smart energy monitors. Interestingly, all of the 12 interviewed households regarded the monitor as not useful. For the majority of the interviewees, the devices frequently malfunctioned and often showed values that appeared illogical.



Most of the residents (83%) reported frequently using the washing machine, dishwasher and tumble dryer when PV electricity was generated. During the interviews, households reported being cautious in using major appliances only during the daytime. However, they would not postpone their routine of washing clothes if the sky appeared to be overcast and energy generation was probably marginal. Only half of the interviewees reported using the in-built timer, mainly for delaying the start of the dishwasher before going to work.




4.3. Waste Behaviours


Most of the residents (88%) reported frequently using general recycling, glass recycling and food waste bins. The garden compost bin and kitchen bins were frequently used by significantly fewer residents (57%). As seen in Figure 3, more residents reported regularly recycling and composting compared to the national averages [74], and to households in 13 other eco-developments [45]. In DEFRA’s report, “always”, “very often” and “often” votes were aggregated to represent behaviour that could be considered as regular.



More than two-thirds of the residents (70%) felt that the on-site waste facilities encouraged them to recycle. It could be argued that households who regularly used more types of recycling bins showed higher attentiveness to recycling. Statistical analysis showed that the number of different recycling bin types used was weakly associated with all three environmental attitude variables (rs = 0.3, p < 0.05).



To complement the results of the questionnaire, annual results for weight-based waste monitoring focused on the development site were sourced from the local authorities. As observed in Table 5, the annual results over a three-year period did not demonstrate a clear trend. However, in contrast to reported behaviours, the results indicated that the actual rates were relatively similar to the national (45%) and district averages (55%) [75], and significantly lower than the set target of 80%.




4.4. Food Behaviours


The responses about the frequency of low-impact food behaviours are shown in Figure 4. About a third of the residents reported regularly buying organic food (37%) and growing food in their gardens (31%), which were similar rates compared to the national averages [74,76] and averages for Ireland [77]. Only 15% of the residents reported regularly visiting farmers’ markets. The number of different low-impact food behaviours in which residents had engaged was weakly associated with higher education levels (rs = 0.23, p = 0.48), and with eating less meat (rs = 0.22, p = 0.47).



The residents had included meat in 36% of all weekly meals, on average. This was similar to the rate reported by households living in conventional housing and in the Derwenthorpe eco-development, and it was higher than the rates in the BedZED and Lancaster Cohousing eco-developments [57].




4.5. Transportation Behaviours


Based on residents’ responses, the mean rate of using a car-based mode of transportation was 71% (Figure 5). This was higher than the national average (62%) [78] and the set target for 2016 (55%). Car-based modes included all car, van and motorcycle driver or passenger trips. Eco-modes of transportation included walking, cycling, public transportation trips and deliveries. Figure 5 also shows that business and non-education escort trips were the most car-dependent (around 90%), followed by grocery shopping and trips for visiting friends (around 80%). The residents were slightly more car-dependent than the wider population for every category of trip purpose apart for leisure trips. This particularly applied to grocery shopping and education-escort trips, where a 1.3 and 1.7 times higher car-use rate was reported, respectively.



For commuting trips, the most popular types of eco-mode were public transportation (51%), followed by combining public transportation with cycling (20%), walking (21%) and just cycling (9%). For residents who regularly used eco-modes of transportation, the local bus to town was considered the most important measure (88%), followed by train and bus services located in the town centre (58%) and walking routes (46%). Bicycle routes, e-car clubs, electric car chargers and bike rental facilities were deemed the least important measures (<23%).



Data analysis suggested that the residents tended to walk less and use cars and public transportation more, compared to households living in the local town [79] and to the national averages [78]. This result was expected, due to the development’s edge-of-town location. Compared to households in 13 other eco-developments [45], 9% more residents in the case study development preferred using cars for commuting over greener alternatives.



Analysis of the responses regarding the final trip destinations showed that the local town (<3-mile radius) was the final destination for about a bit more than a third of all the reported trips (37%). Close to half of the trips (45%) ended in the wider region (4- to 50-mile radius), while 12% of the trips were taken to destinations further than 50 miles away (Figure 6). The results also suggested that the town was the most attractive destination for grocery shopping (~90% of all trips), and the least attractive destination for work, business and other leisure activities (<25% of all trips). The local town was more than two times less attractive for work and leisure activities for the case study residents, compared to the households living in the town itself [79]. This significant difference was partly attributed to the inclusion of minors in the town’s survey, and the higher share of older adults living in the town [80]. As indicated in Figure 7, the Chi-square test suggested that, for commuting trips, residents favoured car-based modes for reaching destinations located in the wider region (4- to 50-mile radius) but not for longer or shorter trips (X2 (2, N = 68) = 10.61, p = 0.005).



The results also showed that the households owned 1.4 cars on average, which was similar to the average for the local town, and slightly more than the national average. Owning a car seemed to be necessary in the case study development, as only one surveyed household (2%) was car-free. The households seemed to own more cars and drive more miles per occupant (5550 miles/year) on average, compared to households in other new eco-developments [57]. The increased car dependency noted in the case study and in Derwenthorpe was probably related to their edge-of-town locations.





5. Discussion


The results of the data analysis suggested that the captured energy and water saving, waste recycling and low-impact food behaviours were similar, while the transportation behaviours were less environmental compared to the national averages. Contrastingly, more than two-thirds of the residents perceived their new lifestyles as more eco-friendly, and felt more cautious in recycling waste and using energy in their homes. Similarly to in the study about Derwenthorpe [71], this perception was attributed to the intrinsic effect of dwelling energy efficiency and low-carbon technologies, rather than to significant changes in behaviour.



Although waste recycling appeared to be more widespread, the measured waste recycling rates were relatively similar to local and national averages. Reaching the targeted rate of 80% will probably require introducing additional measures proven effective in past waste-reduction initiatives [33,81,82]. The findings of this study demonstrated the importance of complementing household feedback with actual waste measurements, which offer a more robust view of the achieved waste performance [83]. Due to the challenges associated with monitoring waste at the development scale [81], waste behaviours in eco-developments will probably remain not well understood.



The reported food behaviours were rather conventional. This was expected, considering that the planned on-site measures were not really delivered. However, just providing opportunities to purchase and grow low-impact foods in on-site shops and gardens seems to have a limited effect on household food behaviours [56,57,60,84]. An increase in low-impact food behaviours probably requires the introduction of additional measures that might influence personal factors shaping food purchasing [85] and urban gardening [86], which is beyond the current scope of housing developers. In this context, it is not surprising that reducing household food footprints is often not prioritized in eco-developments. Nonetheless, defining aspirational targets for low-impact food behaviours would probably motivate housing developers to test different measures, evaluate the outcomes and generate new learning.



The increased car-dependency in the case study development was attributed to the selection of on-site infrastructure, the small development scale lacking basic amenities, the development’s edge-of town location and household lifestyles. On one hand, providing a bus line to town and private electric car chargers is commendable. The former supported many residents in moving away from frequent driving. The latter is thought to increase willingness to buy an electric car [87]. On the other hand, the modal shift potential with car club and bike rental services is thought to be limited [88,89]. In addition, the limited parking space resulted in parking in undesignated areas in the case study, as well as in other eco-developments [56,57]. The reported transportation behaviours in the case study and Derwenthorpe developments indicated that the edge-of-town location hindered the frequent use of eco-modes of transportation for reaching basic amenities in the surrounding urban area. Lastly, the younger and more educated households attracted to the case study eco-development were expected to have higher numbers of car trips [90], which was further amplified by the scarcity of work and leisure options offered in the local town.



Evaluations of low-carbon and eco-developments demonstrated significant reductions in dwelling energy use and resulting carbon emissions. Achieving additional reductions from changes in transportation, waste and food behaviours appears to be far more challenging. The significantly lower household footprints reported in intentional housing communities [91] support the argument that the transition to more sustainable lifestyles might demand a shift from a top-down to a more community-based model of housing delivery [92], and a change in personal values [93].



Given the urgency of climate change, growing interest in delivering sustainable urban areas will drive the need to evaluate the emissions associated with household lifestyles, not only with dwelling use [52]. Therefore, more holistic evaluations are needed to provide more empirical evidence about the effectiveness of different design measures in reducing emissions, and to build the knowledge base. Narrowing the reoccurring gap between the aspired-to and actual lifestyles in new developments would result in stronger carbon reductions associated with multiple sectors of the economy, not just the building sector. This would be in line with the whole-system thinking that the UK Government has been adopting for meeting the net-zero economy target [94].




6. Conclusions


This study evaluated the actual household environmental behaviours of households living in a case study eco-development in the UK, designed to enable more sustainable lifestyles. The data analysis was based on resident responses to a development-wide questionnaire survey (n = 89), household interviews (n = 12) and provided waste measurements. Increased cautiousness in using energy was reflected in the use of major appliances, while other energy- and water-saving behaviours were fairly conventional. The actual waste recycling rates measured over three years (45% to 60%) were similar to local and national averages, and well below the 80% target. The rates of purchasing organic food (37%), growing food (31%) and meat consumption (in 36% of all meals) indicated that the food behaviours were not more pro-environmental. Car-based modes of transportation were used for 71% of all the reported trips on average, which was higher than the national average and the set target of 55%. In contrast to the reported behaviours, most of the residents considered their new lifestyles as more eco-friendly, which was related to the notion of energy efficiency and low-carbon technologies, rather than to changes in behaviour.



Overall, the case study development should be commended for integrating a wide range of sustainability measures and for the ambitious aim to enable more sustainable lifestyles. However, the findings of this study suggested that the provided measures (which are recurrently used across eco-developments) were not effective in achieving this aim in the given urban context. More systematic evaluations of environmental behaviours in urban areas are urgently needed, to improve understanding about the effectiveness of different housing delivery models and design measures.



Expanding urban zones offers an opportunity to integrate high levels of energy efficiency and the latest technologies, but also to shape environmental behaviours and achieve further reductions in carbon emissions. Evidence from this study and other scarce studies of eco-developments suggests that enabling environmental behaviours is challenging. New government policies need to be more holistic and support the delivery of not only well-performing dwellings, but also new developments that make sustainable urban living a reality. The forthcoming local plans and housing programmes could be more ambitious, integrating performance requirements that capture carbon-intensive household behaviours, rather than just the building performance. Setting quantifiable performance targets and requiring ongoing performance monitoring seem to be essential for motivating developers to actually deliver the promised design measures.
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Figure 1. Histogram comparing responses to question, “Which of these would you say best describes your current lifestyle?”, between the case study and averages for England [74]. 
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Figure 2. Histogram comparing responses to questions, “Living in the new development has changed my lifestyle” and “Since living in the new development my lifestyle has been more eco-friendly”. 
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Figure 3. Comparing rates of regular recycling and composting between the case study, national averages [74] and the mean response for 13 other eco-developments [45]. 
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Figure 4. Rates of low-impact food behaviours. 
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Figure 5. Transportation mode ratios, by trip purpose. 
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Figure 6. Destination ranges of trips, by trip purpose. 
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Figure 7. Ratios of transportation modes for commuting trips, according to the destination ranges. 
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Table 1. An overview of key findings about actual environmental behaviours and the impact of the implemented measures in the evaluated eco-development case studies.
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	Study
	Development Name, Location and Size
	Key Findings





	[56]
	BedZED

UK

100 dwellings
	About 10% lower ecological footprint due to more energy-efficient dwellings. Compared to those in conventional housing, residents seemed to drive and compost less, and grow less food. Proximity to the subway station and discouragement of on-site parking probably contributed to the reduced car use.



	[45]
	13 case studies

UK

27–303 dwellings
	Responses suggested that energy- and water-saving behaviours were more frequent. However, households owned more cars and composted less compared to national averages.



	[57]
	Derwenthorpe UK

500 dwellings
	About 10% lower carbon footprint due to more energy-efficient dwellings. Higher car usage was associated with the end-of-town location of the site. Waste facilities appear insufficient. Provided measures had a marginal impact on food behaviours.



	[58,59]
	Adamstown

Ireland

1126 dwellings
	Many design measures commonly found in eco-developments were lacking. Resident dissatisfaction with the lack of basic on-site facilities. Two-thirds of residents used a car for commuting, despite the good public transportation links in the vicinity.



	[60,61]
	Vauban

Germany

2000 dwellings
	Parking being limited to only one communal zone and multiple public transportation options contributed to the significant increase in car-free households and bicycle use. Other on-site measures were welcomed, but residents continued with fairly common everyday practices.



	[44,62,63,64,65]
	Hammarby

Sweden

11000 dwellings
	Multiple on-site amenities and public transportation options contributed to achieving the 20% car-use-rate target. Households opposed proposals for limited parking and did not behave more pro-environmentally in regard to waste, water and dwelling energy use compared to households in other areas of the city.
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Table 2. Case study design targets per environmental criterion.
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	Criterion
	Design Targets





	Energy
	Mean energy use of 75.4 kWh/m2/year per dwelling.



	Waste
	80% household waste diverted from landfill by 2020.



	Transportation
	45% of trips by non-car means by 2016.



	Food
	Increased consumption of low-impact foods.
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Table 3. Results from the Mann–Whitney test comparing scores from three environmental attitude questions between the case study and averages for England [74].
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	Question
	Mann–Whitney U
	Wilcoxon W
	Z
	Asymp. Sig. (2-Tailed)





	Which of these would you say best describes your current lifestyle?
	3917.50
	8768.50
	−0.311
	0.756



	I need more information on what I could do to be more environmentally (eco) friendly.
	3719.00
	8669.00
	−1.298
	0.194



	I do not believe my everyday behaviour and lifestyle contribute to climate change
	3162.00
	6732.00
	−2.801
	0.005
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Table 4. Results from the Mann–Whitney U test comparing scores for three questions about energy- and water-saving behaviours between the case study and the averages for England [74].
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	Question
	Mann–Whitney U
	Wilcoxon W
	Z
	Asymp. Sig. (2-Tailed)





	How frequently do you wash clothes at 40 degrees or less?
	3868.50
	7438.50
	−0.714
	0.475



	How frequently do you personally leave the lights on when you are not in the room?
	4173.00
	9223.00
	−0.079
	0.937



	How frequently do you make an effort to cut down on water usage at home?
	3662.50
	7232.50
	−0.537
	0.591
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Table 5. Annual waste arising for the eco-development from measurements taken over three consecutive years. Data provided by the local authorities.
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	Period
	Organic Waste (kg)
	Dry Recycling (kg)
	Residual Waste (kg)
	Total Waste (kg)
	Organic Waste
	Dry Recycling
	Total Organic/Dry





	2017/18
	16,790
	13,190
	36,660
	66,640
	25%
	20%
	45%



	2018/19
	19,190
	22,020
	50,280
	91,490
	21%
	24%
	45%



	2019/20
	33,600
	39,035
	48,060
	120,695
	28%
	32%
	60%
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