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Abstract

The environmental impact of human behaviour on the design, construction and operation

of buildings is often overlooked, frequently resulting in sub optimal performance over the

lifecycle of the building (credibility gap and value-action gap). An over-reliance on

technological and market solutions (false positivity) throughout the design, construction

and operation of sustainable buildings means changing user behaviour is not currently

envisaged by all but the most sustainability-minded built environment professionals. This

study aims to develop an understanding of the dynamic and complex systems by which

responsible environmental, social and economic action (sustainable behaviour) emerges

from the relationship between people and the built environment.

The primary research question asks to what extent sustainable buildings encourage

sustainable behaviour, with broader research objectives covering the need for sustainable

buildings and their social, environmental and economic benefits; a clear definition of

sustainable behaviour and sustainable buildings; identifying opportunities for behavioural

change from current best practice and how behavioural change theory can be applied to

the built environment to encourage and optimise sustainable behaviour.

Literature review reveals existing theory and practice in the fields of sustainability,

architecture, behavioural psychology and pedagogy applied generally to the design,

construction and operation of sustainable buildings. Five exemplar sustainable buildings

with pedagogical functions are also investigated. The primary empirical research

methodology uses grounded theory, ethnography and phenomenology through interview

and survey data analysis, highlighting common best practices and innovative approaches,

as well as revealing barriers to achieving sustainable built environments that encourage

sustainable behaviour.

The research reveals that there are numerous opportunities for behavioural interventions

at critical stages throughout the lifecycle of buildings where 'value-action' gaps between

our intentions to be more sustainable and our often sub-optimal actions or behaviours are

identified. Strategies includes education, information provision, training, experiential

learning, feedback, participation and regulation.

The research contributes original knowledge by relating the way building mechanisms for

change can be understood through the lens of behavioural psychology and the synthesis

of the three disciplines of sustainability, architecture and pedagogy.
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Chapter 1: Introduction & Methodology

1.1 Research aims and objectives
The broad aim of this research is to establish the extent to which sustainable buildings,

throughout their design, construction, operation and use, can impact the long-term

sustainable behaviour of individuals, organisations and institutions. This research aim is

explored through a number of objectives which consider pedagogical, behavioural,

technological and material interventions in the construction lifecycle in relation to social,

environmental and economic sustainability. The objectives are:

• To establish the need for sustainable buildings and their social, environmental and
economic benefits.

• To establish a clear definition of the concepts of sustainable behaviour and

sustainable buildings.

• To identify which key stakeholder behaviours can be changed and to what degree.

• To identify mechanisms of behaviour change applied to the built environment from

current best practice through literature review and case study analysts.

• To establish the strength of relationship or causation between sustainable

behaviour and sustainable buildings throughout their deSign, construction,
operation and use.

• To critically reassess existing processes and tools to support sustainable

architectural design for sustainable behaviour through behavioural and technical

interventions.

This thesis represents the study of the theory and practice of the development of low

environmental impact buildings and the embedding of sustainable features, materials,

technologies and processes in order to optimise their potential as resources for teaching

and learning about sustainability and pro-environmental behavioural change. It is hoped

this will not only lead to a more profound understanding of the impact of the built

environment on the natural environment but will enable key stakeholders involved in the

whole lifecycle of buildings throughout their procurement, design, construction and

operation to positively change their behaviours in terms of environmental, social and

economic sustainability.

8



A clear gap in knowledge exists around the problem of buildings, with varying levels of

sustainability credentials, not achieving their optimum potential in terms of their

technological, physiological and behavioural performance, identified as the 'credibility' and

'value-action' gaps resulting in sub-optimal social. financial and environmental outcomes.

The study involves an extensive literature review of sustainable building theory and

design. pedagogical issues and behavioural change theories. The wider project

investigates the development of five exemplar sustainable buildings; The WISE building.

The DACE Eco-centre. Sidwell Friends School. The Core building and The Genesis

Project. Each has environmental education and the promotion of sustainable building and

lifestyle practices as key functions. An online survey. an analysis of project documentation

and the assessment of buildings via case studies involving face-to face interviews and

questionnaires have been undertaken to support or refute the theoretical findings and

highlight best practice and areas for improvement.

Professor D.W. Orr. a leading academic in this field, speaks of "the hidden curriculum that

is the building itself' (Orr 2004. p.128). He states that despite great advancements in

sustainable architecture in the past few decades. the majority of (unsustainable) existing

and new buildings perform relatively poorly. By investigating current literature it is shown

that unsustainable buildings impart the message through their design. construction.

operation and use that our consumption of scarce resources is disconnected from our

everyday lives and they perpetuate the misconception that resources are virtually infinite.

if they are considered at all.

It is generally the norm for us to be physically removed from natural processes in the

buildings we inhabit such as day lighting (over reliance on artificial lighting). well ventilated

spaces (increasing use of air conditioning) and the use of natural. healthy and breathable

materials (increasing production and use of inorganic man-made materials). A sustainable

building should be diametrically opposed to this and should in its design construction,

operation and use both explicitly and implicitly encourage and enable us to lead more

sustainable lifestyles.

Wastage. energy inefficiencies and unsustainable practices are often factored-in to

building design and construction contracts. This is often reinforced through formal

education provision. perpetuating unsustainable teaching into professional practice, a self-

perpetuating closed loop of unsustainable practices.
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A complex set of parameters exist that simultaneously both prevent and enable

meaningful sustainable architecture to take place i.e. architecture that achieves low

environmental impact through the design, construction, operation and use of buildings

allied with social and economic gains. These have been identified from the research as

being pedagogical, technological, psychological, physiological, legislative and socio-

economic. These parameters are investigated throughout the thesis from a theoretical

perspective and from the practical application of sustainable design principles that

considers sustainable human behaviour as a critical component in achieving a greater

sustainable built environment.

There is now broad worldwide academic, scientific, social, political and economic

consensus that the burning of fossil fuels impacts on our climate, affecting planetary

temperatures with implications for flooding, extreme weather conditions, loss of

biodiversity with associated negative economic consequences (Stem 2006) if action is not

taken urgently. Buildings playa significant part in this, accounting for up to 50 per cent of

total carbon emissions in the UK (BRE 2003) through the extraction, manufacture,

transportation and use of materials and energy expended in the construction and

operation of buildings. This figure is around 40 per cent globally but developing countries

will soon reach or even exceed this figure if the low environmental impact desiqn,

construction, operation and use of buildings does not become standard practice world-

wide.

Debates at the COP15 summit in Copenhagen in 2009 recognised the significance of

buildings in tackling climate change. In a related article (Building 4 Change 2009, p.2) Dr

Diana Urge-Vorsatz, director of the Center for Climate Change and Sustainable Energy

Policy, stated "widespread implementation of presently available technology and practices

could reduce building-related emissions by between 40 and 70 per cent by 2050.·

Climate change will bring new challenges for the global construction industry, and

knowledge about potential impacts on the built environment will be of the utmost

importance in years to come. The prospect of an even harsher climate means that we

must pay more attention to the design, construction and location of buildings, and be more

aware of the climatic impacts they will have to endure and adapt to. In order to ensure a

resilient building stock in the future technical solutions have to be allied with greater

sustainable behaviour with heightened awareness and realisation leading to action for

sustainability requiring a significant shift in behavioural change.
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An increased understanding of the need for sustainable buildings has driven the

sustainable building agenda throughout the World. The need for energy efficient, low and

even zero carbon buildings is widely recognised by governments and the built

environment professions whilst building users are increasingly demanding more energy-

efficient and sustainable buildings to live and work in, recognising social and

environmental responsibilities as well as increasingly understood long term economic

benefits.

However, there are strong social, political, economic and technological forces that prevent

the adoption of sustainable construction practices and the behaviours of key stakeholders

that continue to make the developed built environment unsustainable.

In a national context, the UK Government has set a number of challenging targets for

improving sustainability (Climate Change Act 2008), starting with the overarching goal of

an 80 per cent reduction in carbon emissions in the UK by 2050 (compared to 1990

levels) and recognising the need to change our building practices with targets for zero

carbon and low water usage new-build housing by as early as 2016 and new build non-

domestic buildings by 2019 for England and Wales. Any discussion of sustainable

buildings must include the need to tackle the existing building stock in terms of its

environmental impact with energy efficient refurbishment and retro-fitting requiring

considerable behavioural change by individuals, organisations and wider institutions.

Clearly, in order to achieve these targets we need to develop and utilise low carbon

construction technologies and methods as well as fundamentally change the behaviour

and attitudes of individual stakeholders, organisational practices and institutional bodies. It

is increasingly being recognised by a wide body of academic and industry experts (Yates

2003, Egan 2004, Bennetts and Bordass 2007, Hoffman and Henn 2008, Orr 2008a, Hadi

and Halfide 2009, Leaman 2009, Baird 2010, Clune 2010, Roaf 2010, Janda 2011) that

human behaviour has a significant role to play in reducing the environmental impact of the

built environment.

Design decisions, material specification, working practices, building operation, user

behaviour and legislative drivers can all combine with traditional, new and developing

technologies to achieve low or zero carbon buildings which enable low environmental

impact working practices and lifestyles, especially as modem living and working habits

result in us spending a great deal of our lives within buildings.
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Buildings and human behaviour are inextricably linked to environmental issues such as

global warming and climate change, national environmental issues such as extreme

weather events, the use and supply of energy, materials and water and local

environmental issues such as water, ground and air pollution, loealised flooding, high
levels of water consumption and habitat destruction.

In essence this study focuses on the dynamic inter-relationship and synthesis of three

disciplines, namely pedagogy, architecture and sustainability, as illustrated in Figure 1.1

Pedagogy &
Psychology

Figure 1.1 Syntheses of three disciplines

Sustaina bi Iity

Source: Author

The aim is to establish best practice in encouraging sustainable behaviour through the

built environment by investigating both theory and practice of exemplar sustainable

buildings through literature review, case study, interviews, surveys and questionnaires by

engaging with key stakeholders such as developers, architects, engineers, contractors,
building managers, teachers, curriculum developers and occupants.

The buildings used as case studies for this research attempt to achieve the lowest carbon

emissions throughout their lifecycles by adopting low carbon design principles,

sustainable materials and technologies, low environmental impact construction practices

as well as considering the behaviour of building operators and users to optimise the

ecological, social and economic potential of the buildings' sustainable features. Each of

the buildings selected has a pedagogical function and the respective organisations strive

to utilise the buildings as experiential educational tools to effect behavioural change
beyond the buildings themselves.

12



The main research question 'To what extent do sustainable buildings encourage

sustainable behaviour throughout their design, construction, operation and use?' attempts

to discover a link between buildings and human behaviour directly related to the goal of

achieving greater sustainability both in the development of the buildings themselves and

in the attitudes and behaviours of the stakeholders involved with the buildings, the

intention being that the research will inform design and vice versa.

Significant progress has been achieved in the production of sustainable buildings from a

technical standpoint and a good degree of work has been done in terms of the benefits of

buildings on the health, well-being, performance and productivity of people and buildings.

There is also strong body of knowledge and research in relation to the psychological

barriers and drivers around sustainable and pro-environmental behaviour but little

academic work has been focussed on the inter-relationship of these key disciplines.

Over recent years there has been recognition from proponents of sustainable

development of the gaps in knowledge within the field of sustainable buildings and how

humans interact with them in order to achieve greater levels of environmenta I

performance by balancing technical efficiency with behavioural efficacy.

This has been recognised by Sue Roaf, a leading academic and exponent of human-

centred sustainable building design, 'We are now seeing an interesting new generation of

research that links hard and soft sciences in a world where people cease to be the

problem in low carbon buildings, but are recognised as a major part of the solution to

achieving low carbon buildings in reality" (Roaf 2010 p.7).

This is supported and expanded upon by Hoffman and Henn (2008) who state that

obstacles faced by the green building movement are no longer primarily technological and

economic, they are social and psychological.

The research was initially intended to take place in a UK context; using UK case studies

and investigating national drivers and barriers to sustainable development. An opportunity

arose halfway through the PhD to apply for an Arts and Humanities Research Council

Scholarship to undertake research at the US Library of Congress for three months. The

research proposal, looking into US sustainable development from a historical and

contemporary perspective, was accepted and has given the research a wider dimension,

through access to the extensive library collections and through the identification and

investigation of an exemplar sustainable building which illustrates differences in UK and

13



US approaches in terms of legislative drivers, climatic conditions, economic, social and

environmental perspectives and forms part of the overall case study investigation.

1.2 Research methodology

An extensive literature review covered in Chapters 2, 3 and 4 sets this work in the wider

context of the sustainable and architectural field, examining existing theories that justify

the approach with criticism, in order to identify existing gaps in literature and highlight

what is distinct about this research. Existing literature is linked with the debate around

buildings, people, learning and environmental issues.

In addition to literature review the case study approach was selected as the main method

for collecting primary research data which is presented in Chapters 5, 6 and 7. It is a

strategy that enables research of the topic using set procedures and comprises several

different combinations of data collection including interviews, documentary evidence and

surveys. The emphasis is towards investigating a phenomenon (the desiqn, construction,

operation and use of a building) within the context of sustainability.

Proverbs and Gameson (2008) suggest that case study research appears to be highly

relevant to an industry (construction) that is project driven and made up of many different

types of organisations and businesses. They assert that the application of the case study

approach within the construction research community is seemingly at a low level due to

the lack of guidance on the application of case study research techniques within the

specific context of the built environment. This highlights both the value and need for case

study research.

Results from behavioural psychology research by Hamill et a/ (1980) suggest that peoples
judgements about causal relationships are influenced more by memorable details of

specific cases (i.e. case study), than by statistical evidence of a relationship that might

emerge from a simple review.

The value of the case study approach over pure theoretical study is also discussed in

Cherulnik (1993, p.53).

Case studies can establish actual impacts on environment and behaviour and offer
the benefit of local contexts in terms of climate, local resources, infrastructure etc,
they apply theory and research in a reciprocal relationship and can have a
proselytising function by enhancing impact on target audiences. A detailed case
study permits adequate descriptions related to setting, defining problems,
programming, design process, use and generation of useful behaviour theory or
research.

14



According to Remeny et al. (2002 p.4) the following characteristics of a case study should

prevail:

• It is a story.

• It draws on multiple sources of evidence.

• Its evidence needs to be based on triangulation of these sources of evidence.

• It seeks to provide meaning in context.

• It shows both an in-depth understanding of the central issue(s) being explored and

a broad understanding of related issues and context.

• It has a clear-cut focus on an organisation, a situation or a context.

• It must be reasonably bounded. It should not stretch over too wide a canvas, either
temporal or spatial.

In designing the case studies, consideration was given to the following, adapted from

Proverbs and Gamesons' (2008, p.101) generic case study design criteria, and tailored to
this specific study:

i) Time available to carry out the investigation. A semi cross-sectional study was

adopted which captured the situation at the moment in time 'with an element of

longitudinal study which allowed for the new building projects to be assessed at

design and construction phases necessitating two or three case study visits. For

existing buildings one study visit was undertaken to capture data.

ii) Availability of documentary information. This was in the form of drawings,

specifications, contractual documentation, minutes of relevant project meetings

and policy documents. Access to documentation was sought in all cases for

analysis but sometimes refused due to confidential matters and contractual
sensitivity.

iii) Access to persons involved for interviewing purposes. Interviews are often

considered as one of the most important sources of case study information (Yin

2003). These were designed to target people directly involved with the cases

concerned and allowed a detailed insight into the subject area.

iv) Aim of the investigation. The subject of the investigation determined the focus of

the data collection techniques and their significance to the study. The aims and
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objectives of the study drove the nature of the investigation and preferred

methodologies.

v) Number of cases. This is a complex issue and the ability to compare and contrast

similar or related cases was considered important, balanced by the distribution of

resources across two or more cases which affect the depth of the investigation and

to some extent the validity of the research findings.

The original proposal for this Collaborative Doctoral Award (CDA) involved working with a

local environmental charity, The Environment Trust for Richmond upon Thames, to

research and develop a sustainable building, The Twickenham River Centre, as an

example of best sustainable construction practice. It was to be used as a community hub

and as an educational and experiential resource to raise awareness of local, regional,

national and global environmental issues.

There was considerable local opposition based largely around the development of the

site, a public open space owned by the local authority, by a private developer and the

construction of private dwellings. The River Centre itself was widely supported as a strong

economic, social and environmental asset for the Twickenham area. The use of the site

had been a contentious issue for many years and a number of proposals had been

considered and abandoned.

The site itself comprised primarily of a derelict Victorian bath house, a community run cafe

and a children's playground. Unfortunately, one year into the project, after a great deal of

preparatory work had been done, the architect selected through a complex tendering

process and an outline design developed, a change in local government after the May

2010 elections effectively ended the project. It can be argued that the project was used as

a political 'football' by the opposition party at the time to gamer votes prior to the

forthcoming elections.

The failure of the Twickenham River Centre project to move beyond design stage, after

the first year of the PhD had repercussions on the previously established research

methodology. This was in terms of time lost on research already undertaken on the

planning and design of the Twickenham River Centre development that could not be used

in the final thesis. This required a reconfiguration and widening of the case study

methodology to become the primary research technique, resulting in the selection and

analysis of the five case study buildings presented in this study. Overall, it took

approximately three months to get back on track.
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Each building chosen for the case studies has been evaluated against the Building

Research Establishment Environmental Assessment Method (BREEAM) 'Excellent'

standard (or equivalent). Some of the buildings initially aspired to achieve BREEAM

'excellent' but for varying reasons did not complete the process and this, in itself has

highlighted some of the difficulties and anomalies with environmental rating systems for

buildings. The general reasons for this are discussed in chapter 2 and for the particular

case study buildings in chapters 6 and 7. However, even with BREEAM there are widely

varying approaches to achieving a highly sustainable building, which are fully discussed in

following chapters.

Cherulnik (1993, p.15) provides a framework for analysing case studies involving the inter-

relationship of physical environments and human behaviour, otherwise known as

environment-behaviour research (E-B research) which has partly been adopted for this
study:

1) Background analysis of setting
2) Behavioural goals for design plan
3) Relevant environment-behaviour relationships
4) Specific design/plan elements
5) Overall design/Plan
6) Post occupancy evaluation (POE)
7) Impact on future design/planning and E-B knowledge

E-B research is concemed with the decision-making process that shapes physical forms,

influencing what people build and how they act in the physical environment. This puts a

strong emphasis on establishing the needs and preferences of users and to incorporate

features based on responses and then evaluate those features effectiveness. Sommer

(1974) called this 'evolutionary design' (Sommer 1974) and Holahan and Wandersman

(1987) dubbed it 'proactive intervention.'

Knowledge gained can enhance future design or planning projects e.g. reviews of

research theory or new design elements can be copied or adapted. Project results can

serve as a basis for the development of guidelines for similar projects in the future.

Research can add to existing empirical research, literature and influence subsequent

theory development.

By investigating case studies the idea is to present a realistic picture, rather than an

idealistic portrayal of the state-of-the-art and the case study buildings represent an

'opportunity sample'.
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Around thirty buildings were identified and considered at research design stage based on

the criteria below. Preliminary investigations revealed a number of reasons why they could

not be selected for study including lack of interest from key stakeholders, lack of access to

archival data, direct reluctance to take part in the study and difficulty in contacting

stakeholders.

The buildings used for the case study research were selected based on their ability to fulfil

the following six criteria:

a) The building achieves, or aspires to achieve BREEAM 'Excellent' rating (or equivalent)
b) It has a community and/or educational function
c) There is access to the building
d) There is adequate access to stakeholders for interviews
e) There is sufficient access to archival material for analysis
f) There is potential for the building to be assessed by empirical evaluation.

Initially, field study visits were funded by the Arts and Humanities Research Council

(AHRC) and this was incorporated into the design and feasibility of the case study

approach. Various factors were considered, such as the number of buildings to be

investigated, accessibility to stakeholders and time taken to organise the visits and related

costs. Half way through the second year, and after most of the case study visits had been

arranged, the funding for field study visits was withdrawn by the AHRC which meant

paring down the number of case study visits that could be undertaken, which had now

become unaffordable. This had repercussions in the loss of anticipated research data due

to fewer site visits, making for a narrower study, ultimately impacting on the research

outcomes and final analysis. The availability of subjects for face-to-race interviews was

limited to field study visits which were restricted by time and financial constraints.

Also, the differing developmental stages of each of the buildings was a critical factor as

buildings that were under construction tended to have key stakeholders in closer proximity

and they were therefore more able and willing to take part in the interviews, whereas

completed buildings were less likely to have design and construction personnel available

or prepared to be interviewed because they had moved on to the next project,

representing both a physical and psychological distancing from the case study building.

Ultimately, five case study buildings were selected from the thirty identified buildings that

fitted the criteria. Initial investigations revealed those buildings that were accessible, at a

suitable stage of construction to allow investigation that had both typical and unique

features allowing for relevance to other similar projects and to discover novel findings. It

was concluded that this number of cases, rather than just one or two, would provide more

compelling evidence in support of each other and making the findings easier to defend.
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Five cases studies were also considered to be a manageable number given the limited

resources available for doctoral research. Stake (1995) states that perhaps the overriding

consideration should be to maximise what can be learnt from the cases.

The buildings selected for case study analysis are:

i) The Wales Institute for Sustainable Education, Machynlleth, Powys,Wales
ii) The Derbyshire Eco Centre,Wirksworth, Derbyshire
iii) The Core Building, Eden Project, Cornwall
iv) The Genesis Project, Taunton, Somerset
v) Sidwell Friends School, Washington DC

Each of the building projects ultimately selected for analysis have both similar and unique

characteristics in terms of their typologies and stakeholders, both factors being important

and reflecting the three key disciplines of architecture, sustainability and pedagogy, but

not necessarily in equal measure. The similar features enable strong comparisons making

the findings relevant and applicable to other similar projects whereas the unique elements

of some of the buildings offer the opportunity to discover originality but could be

considered of limited relevance and value to other more typical examples and generic

conclusions.

The number of case studies was deemed to be manageable given the time and resources

available in order to compare and contrast findings from one case to a similar or related

case. Travelling to the different sites and meeting a wide variety of stakeholders

presented a considerable constraint in applying the methodology in practice with both time

and cost implications. Each case study has elicited unique, as well as general insights

into barriers and drivers for the development of sustainable buildings associated with

positive pro-environmental outcomes.

Several follow-up, post-occupancy surveys have been conducted, when and where

possible, to establish the performance of the building in use as a teaching and learning

space for sustainable education courses, the focus being the effect of the buildings and

pedagogical strategies on the behaviour of staff, visitors and course participants. The

interviews, on-line surveys and workshop were specifically aimed at architects, engineers,

project managers, site managers, contractors, site workers, educationalists, students and

general building users and visitors in order to highlight the triggers for sustainable

behavioural change.

As well as the case study methodology an accompanying research method for gathering

primary research data was achieved through a group workshop (see Figure 1.2) involving
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students from a Masters Degree course in Architecture: Advanced Environmental and

Energy Studies, eliciting qualitative data as to how workshop participant interaction with

the building affects attitudes and behaviours over time and whether long term change to

more pro-environmental behaviour can be established.

Detailed secondary research data for one of the case study buildings was made available

from the Usable Buildings Trust which enabled independent data sets to be compared and

contrasted for the same building. The results can be seen in Appendices II & III.

Figure 1.2 MSc Architecture students during the workshop at WISE building
(Source: Author)

The use of three or more different data gathering techniques using both qualitative and

quantitative methods has allowed for the use of triangulation allowing for evaluation of

different sources of data to test the hypothesis that sustainable buildings encourage

sustainable behaviour on the basis that a consensus of the findings will lead to a

convergence of findings and hopefully yield more robust results. Zeisel (1984 p. 37) states

that these techniques "...are particularly useful to gather information about such topics as

peoples' perceptions, their attitudes, their values and the meaning the environment holds

for them."

1.2.1 The interviews

The interview research technique was chosen as the primary method of gathering data

because according to Hoxley (2008) it affords flexibility in seeking factual information,

actual or likely behaviour and allows exploration of the knowledge, attitudes, perceptions

and attributes of respondents. An open-ended question format was adopted allowing for

unstructured responses suiting this style of exploratory research, where respondents are
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able to suggest unplanned responses allowing the interviewer greater freedom to change

the direction of the interview and formulate new or supplementary questions.

This qualitative approach can also be described as analytical, as opposed to descriptive,

as an association or causality between sustainable buildings and sustainable behaviour is

sought. However, as Oppenheim (1992) observes even analytical surveys contain some

descriptive variables, which are necessary to define the sample and to provide the

independent or predictor variables. A disadvantage of the open-ended question is

increased difficulty with coding and analysis of data and does not lend itself to statistical

analysis.

Haigh (2008 p.113) states:

Interviews are not an easy option. Interviewing has its own challenges and
complexities, and demands its own type of rigour. People, in this context the
interviewer and the respondent, are inherently complex, and issues such as
completeness, accuracy, tact, precision and confidentiality must all be considered
by the researcher.

This was certainly the experience of the author and the interviews conducted were highly

diverse in terms of respondents' professions, specialisms and backgrounds which

necessitated flexibility and careful design of questions, interview technique and analysis.

According to Peterson (2000) questions should be worded with the following in mind:

common sense, knowledge, experience, brevity, relevance, unambiguousness, specifiCity
and objectivity. The questions themselves were developed by an iterative process over a

period of six months and the questionnaire was pre-tested among the supervisory team

and other research experts. Reliability and validity were also carefully considered at

questionnaire design stage, reliability being concemed with whether the questionna ire
would produce the same results if the study was repeated with a similar sample and

validity, whether the survey is measuring what the researcher intends it to measure.

Preparation for the interviews took a considerable amount of organisational skill and visits

to each of the buildings had to be carefully co-ordinated to maximise the availability of

interviewees. Study visits took two to three days to complete during which archival data

could be accessed and recorded, photographs taken, the building observed and

interviews undertaken.

The form of interviews was designed to be semi-structured, standardised and open

ended. All interviewees were asked the same open ended questions (see Appendix V for

a matrix of the interview questions) dependant on what phase of the building they were
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involved with; pre-construction, construction and/or post-construction. This approach

facilitated relatively fast-paced interviews that could more easily be analysed and

compared, as opposed to more informal conversational interviews, but allowed for a

degree of freedom and adaptability in eliciting the information from the interviewees.

Interviewees were identified and selected on the basis of their involvement with each of

the building projects and all interviewees were asked a set of preliminary questions in

order to establish demographic information, level of involvement and general perceptions

and attitudes related to the specific buildings in question.

It was important to get express permission from the participants and make them aware of

the purpose and intended audience of the research as well as establishing confidentiality

at the beginning of each interview. The intention was to get the most truthful answers as

possible and psychological safety within the interview setting was key in protecting the

respondents' self-esteem and encouraging self-confidence. The prevention of bias in the

interview process was attempted throughout by a} being tactful and making it easy for

interviewees to express contentious opinions b} phrasing questions appropriately c}

avoiding suggesting answers and d} avoiding questions open to misinterpretation.

The need to avoid bias in analysing the data was also important by i} recording the

interview and transcribing the interview exactly as recorded ii} not adding to what was

observed by presuming or assuming something that was not stated directly by the

participant and iii} applying the test of, would someone else who had not interviewed the

participant be able to get a clear, correct picture of what was discussed by reading the

interviewer's notes? For this purpose the full transcripts are available on disc in Appendix

VIII.

The interviews were recorded using an audio digital recording device in order to capture

the raw data allowing more time to focus on posing questions, listening and making sense

of respondents' answers and formulating follow-up questions. This also enables full

transcripts to be created for later reference and analysis and provides the opportunity to

re-familiarise the researcher with the data that has been collected.

Haigh (2008 p.118) offers guidance in reporting the interview data:

• Does the interview data support or contradict the researcher's ideas?
• Did what the respondents say support what was uncovered in the literature

review? If not, what might this mean?
• Did the respondent support or contradict the other interviewees?
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• Did the respondent add new dimensions to what was uncovered in the literature
review or to what other interviewees said?

• How did the 'process' of the different interviews compare, and does this reveal any
insights concerning the researcher's ideas?

1.2.1.1 Interview data analysis
In research theory this method for reporting interview data is known as the 'hermeneutic

method', whereby the inter-relationship of all the statements made by the interviewees are

examined for consistencies and contradictions. This is rooted in ethnographical and

phenomenological research methods. Ethnographic research being the study of a society

or aspect of that society or groups' representativeness and phenomenological research

involving penetrating and analysing the experiences of a group of actors about a

phenomenon in which they are involved. It is also closely related to grounded theory, a

methodology for the inductive generation and discovery of theory from collected and

analysed field data which attempts to produce an analytical representation and

interpretation of a phenomenon in its contextual surroundings.

Bogdan and Biklen (1982, p.145) define qualitative data analysis as, "working with data,

organising it, breaking it into manageable units, synthesizing it, searching for patterns,

discovering what is important and what is to be learned, and deciding what you will tell

others." It is therefore an iterative approach to qualitative data analysis. Srivastava and

Hopwood (2009) suggest that iteration is not a repetitive mechanical task but rather a

reflexive process in which the researcher visits and revisits the data, connects them to

emerging insights, and progressively refines his/her focus and understandings.

The process by which the raw data is analysed is sometimes referred to as 'open coding'

(Strauss and Corbin 1990). During open coding, the researcher must identify and

tentatively name the conceptual categories into which the phenomena observed will be

grouped. According to Hoepfl (1997) the goal is to create descriptive, multi-dimensional

categories which form a preliminary framework for analysis. The main categories which

emerged from initial full transcript analyses were:

• Design and procurement

• Construction

• Function and Design

• Building as a Teaching and learning resource

• Buildings other functions

• Impacts of sustainable features
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• Impact on user behaviour and perceptions

• Lessons leamed

After identifying categories and sub-categories relevant to the topic studied, which helped

explore and darify the research question, a summary description, or 'descriptive coding'

was produced from the full unedited transcript available to view in Appendix VIII.

The next stage of analysis involved re-examination of the categories identified to

determine how they were linked (Strauss and Corbin 1990). The discrete categories

identified in open coding were compared and combined in order to assemble the 'big

picture'. "The purpose of coding is to not only to describe but, more importantly, to acquire

new understanding of a phenomenon of interest" (HoepfJ1997, p.11).

The process then went on to develop codes that moved beyond description and started to

categorise and analyse the data. This is called 'analytic' or 'theoretical' coding. This can

be 'non-hierarchical' with no sub-code levels or 'hierarchical' which has a branching

arrangement of sub-codes, often referred to as a 'coding tree'. Appendix VII shows an

example of how the non-hierarchical coding developed, highlighting sub-categories based

on one of the key themes that emerged from full transcript analysis, namely the buildings

impact on user behaviour and perceptions.

As one of the key aims of the research was to establish causation between sustainable

buildings and sustainable behaviour these sub-categories could be tested requiring the

researcher to link antecedents (what happened before) and consequents (what happened

after). By looking at emergent codes and how they overlap or co-occur, a hypothesiS can

be tested. For example, "X; then Y happens." For instance, is there a causal link between

the code 'user behaviour is highly variable' and 'users have strong expectations of

performance, function and aesthetics'. This process is shown in Appendix VII.

It may be that the two issues (X and y) are just co-occuring and linked by correlation

rather than causation.

The analytic coding process was applied to each of the transcripts enabling common

themes to emerge which were progressively refined and synthesised forming the basis for

the overall reporting and analysis of the interview data presented in Chapter 7. Meaningful

analysis came from grouping events, places or people that appeared to have similar

pattems, themes or trends and grouping them according to frequency of occurrence to

build a logical chain of evidence by looking for relationships between the data. Data was
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compared and contrasted to establish patterns of similarities or differences between the

data groups and highlighting deviations from patterns, themes and trends and searching

for explanations. Comparing the findings from other studies and establishing if they are in

agreement and if not, can this be explained. Whether the findings suggest that additional

data needs to be collected Looking for interesting narratives that emerge from the data.

In summary, Haigh (2008, p.11S) describes this holistic research method: aA good

interview is the art and science of exploring the subjective knowledge, opinions and

beliefs of an individual. The knowledge, opinions and beliefs of that person are a system.

The purpose of the interview is to explore that system and all of its elements.·

1.2.2 The on-line surveys

The results of the on-line survey are presented in Chapter 6. The purpose of the on-line

survey is to reinforce the primary qualitative data, presented in Chapter 7, through the

collection of quantitative empirical data which widens the scope of the survey to

respondents who were unable to be interviewed during the research study visits, but were

identified as key stakeholders during the initial research stage. A standardised

questionnaire survey format was designed to reflect the questions from the race-to-race
interviews for ease of comparison but adopted a more closed, fixed response approach to

facilitate quantification. The questions were adapted to enable more structured responses

and the participants were directed to select answers from a standardised set of

alternatives. A copy of the on-line survey questionnaire can be seen in Appendix IV.

An industry standard online survey tool (SurveyMonkeyTM)was used to design and

administer the questionnaire and also enabled analysis of the results through the

production of graphs and cross-filtering of responses allowing for the comparison and

contrasting of selected data. The survey software allowed for the use of a variety of

question types including multiple choice and matrix of choices with single and multiple

answer options. Most questions included a comment field and some questions had a

'required' command to ensure critical data was gathered. A question logic function was

used to enable respondents to skip sections of the survey that were not pertinent to them.

All questions had an option to denote neutrality so that inaccurate data was avoided and
respondents were not pressured to provide answers.

Hoxley (2008) suggests that good survey design is not merely a matter of ensuring that

appropriate questions are posed to enable the aims of the study to be achieved, but also

to ensure that an adequate response rate is achieved. Response rates are frequently

quite low for online questionnaires due, in-part, to the over-surveying of web users.
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Krosnick (1999) argues that the following three factors determine the successfulness of

the questionnaire and the likelihood of achieving meaningful levels of response:

1) Respondent ability
2) Respondent motivation
3) Task difficulty/questionnaire design

The design of the questionnaire took into account a number of factors in ord er to avoid

'questionnaire fatigue' and potentially incomplete responses. This included a clear and

concise explanation of the aims and objectives of the survey, clear wording of the

questions, limiting the length of the survey, structuring the survey in a logical sequence

and relating the project directly to the respondents' involvement with the particular case

study building in question.

In May 2011 an initial introductory e-mail was sent to all previously identified stakeholders,

in a discrete form, for each of the case study buildings. This explained the nature of the

research project and the field studies already undertaken. At this stage any redundant e-

mail addresses were identified and rejected. Each responding participant was invited to

take part in the on-line survey and directed to a link enabling the completion of the

questionnaire.

Between May and July 2011 the number of responses was monitored on a regular basis.

As responses became less frequent a second reminder e-mail was sent to those who had

not attempted the questionnaire. Four weeks after this, a follow-up telephone call to the

key stakeholders who had not responded was made to try and persuade them, in a polite

manner, to complete the survey. This did result in eliciting further responses.

Out of 60 requests to participate in the survey 29 key stakeholders responded giving a

response rate of 48.33%. Generally, for electronic mail administered surveys a response

rate of 40% is considered 'average' with 50-60% rated 'good' to 'very good'

(SurveyMonkeyTM 2011). At over 48% this survey has achieved a response rate close to

'good' and well above 'average'. Each respondent represented key stakeholders who

were available or willing to take part in the survey across the five case studies and

therefore each individual subjective response was considered significant for the purposes

of this study.

1.2.3 Follow-up survey
A follow-up post-occupancy online survey was sent out in January 2012 to elicit

responses from key stakeholders for both the WISE and DACE buildings. This was in
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order to capture data after the buildings had been occupied for a significant period beyond

completion, commissioning and handover, in order for user experiences and perceptions

of the building in-use to embed for a longer period of time. The other case study buildings,

having been occupied for a significant period of time did not necessitate the follow-up

survey. The supplementary research findings offer additional insights into the post-

occupancy phase of both the WISE and DACE buildings and are included in the findings

of the main on-line survey, as discussed above.

1.3 Sustainable development and architecture - a brief history
The history of sustainable architecture is arguably the history of nearly all architecture and

the evidence of the many historic buildings that survive to the present day is testament to

this theory. Prior to the end of the 18th century the historic dominance of daylight, natural

ventilation and organic materials had been the essential mode of envi ronmental provision

and all architecture, by this broad definition, could be considered as sustainable.

Most buildings employed the properties of material and form to make appropriate

adaptations to the relationships between their uses and the surrounding climate. Their

design was based on sophisticated empirical processes and relationships. These

relationships were often codified in texts and treatises. The most familiar example being

Vitruvius' Ten Books on Architecture expounding the virtues of firmitas, utilitas and

venistas - solid, useful and beautiful. Vitruvius saw architecture as an imitation of nature,

referring to the proportions of the human body, the 'Vitruvian Man', as drawn by Leonardo

Oa Vinci (Figure 1.3). The renaissance texts of Serlio and Palladio adapted similar

principles to new and changing circumstances and this process continued in subsequent

centuries.

Figure 1.3 Vitruvian Man Source: azothgallery.com
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The growth of what may be described, in the present context as 'unsustainable

architecture' began at the end of the 18th century, with the industrial revolution, as new

technologies were incorporated into the fabric of buildings primarily driven by new forms of

energy and mechanisation. Residential, industrial and institutional buildings came

increaSingly to adopt mechanical systems of heating, ventilation and lighting in the quest

to integrate the latest technologies driven by perceived social and economic benefits.

At its height the industrialisation of buildings produced the most resource-consuming

structures, heavily reliant on energy intensive mechanical systems within sealed

envelopes, with permanent artificial lighting and air conditioning. The subsequent history

of this type of architecture correlates almost precisely with the historical increase in the

global consumption of fossil fuels and the production of greenhouse gas emissions

beginning the inexorable rise in global warming.

Arguably, the concept of 'sustainable architecture' would have been virtually inconceivable

over fifty years ago because of a lack of appreciation for the environmental impact of

buildings and their highly intensive resource use in both construction and performance.

Around this time saw the re-emergence of the environmental nature of buildings. The

emphasis was upon establishing a more deliberate link between buildings and the

ambient environment.

It may be argued that the modem sustainable building movement grew out of the

environmental concerns of the 1970s. The Oil Crisis of 1973 is often cited as the catalyst

driving concerns of our over-reliance on natural resources. The architectural mantra of

'Long-Life, Low Energy, Loose-Fit' was coined by the then visionary RIBA President, Alex

Gordon, in 1972 (Gordon 1972) and was an early definition of sustainability for buildings,

advocating the use of durable materials, energy-efficiency and adaptability.

As the movement has grown a substantial body of significant sustainable architecture now

exists by a growing faction of designers, engineers and constructors. Five buildings

representing leading edge sustainable design, construction and operation are presented

in chapters 5, 6 and 7 of this study, supported by related design theory and practice from

extensive literature review.

1.4 Defining sustainable buildings
Landman (1999) suggests that a sustainable building represents building design and

construction that uses methods, technologies, materials and processes that are resource

efficient and that will not compromise the health of the environment or the associated
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health and well-being of the building's occupants, construction workers, the general

public, or future generations.

According to the European Economic & Social Committee (EESC 2011, p.134) glossary of

sustainability in the built environment sustainable construction is lithe application of

sustainable development principles to the design and construction process i.e. use of

fewer virgin materials, less energy in construction, less energy in use, less pollution and

less waste; whole life approach to design, construction and life use; and providing safe

places and work with acceptable social conditions integrated into sustainable

communities. •

There are a number of international design standards developed over recent decades that

have reached a high level of complexity in defining and assessing the environmental

impact of buildings ranging from highly technical requirements including the UK Building

Research Establishment Environmental Assessment Method (BREEAM) and the US

Leadership in Energy Efficient Design (LEE D) to more esoteric guides such as the

Hannover Principles, Sim Van der Ryn and Stuart Cowan's Five Principles Of Ecological

Design, the Todd's Principles of Ecological Design, the Sanborn principles, Eco-

minimalism principles, Bioregional's One Planet Living principles and Dieter Ram's Ten

Principles of good design (see Appendix I for details of each).

The various principles of sustainable and ecological design focus on the interaction of

architecture, products, people and nature. They take a broad perspective that

incorporates cultural and historical traditions into the design process including human

rights and sustainability, social aspects of sustainability and buildings, responsibility for

the effect of design decisions and the use of nature as a model for design (biomimicry).

For the purpose of this study the nine Building Research Establishment Environmental

Assessment Method (BREEAM) categories have been adopted as model benchmarks of

sustainability as the basis for comparing and contrasting the selected buildings as case

studies. The key sustainability indicators considered under the BREEAM method are:

1) Management

2) Health & Wellbeing

3) Energy

4) Transport

5) Water

6) Materials
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7) Waste

8) Land Use & Ecology

9) Pollution

However, even with this industry recognised standard there are many and widely varying

approaches to achieving a sustainable building identified by Hoffman and Henn (2008) as

economic constraints, design limitations, wasteful construction practices, poor operation

and profligate behaviour of those who use and operate buildings. The ultimate ambition of

sustainable construction is to achieve buildings that have positive social, economic and

environmental benefits, achieving zero carbon inputs and outputs throughout their

lifecycles, even achieving carbon offsetting, acting as renewable energy generators, with

100 per cent recycled and recyclable materials with zero waste.

It is difficult to establish a definitive description of sustainable building, architecture or

construction, as a myriad of theoretical and philosophical perspectives exist. These

include 'deep green' solutions that focus wholly on natural materials and systems and

emphasise sensitivity and humility in relation to nature epitomised by the phrase 'to tread

lightly upon the earth'. Other approaches include culturally-based solutions that are highly

contextual with forms, materials and construction methods echoing the local vemacular

and emphasise local involvement and local expertise and the need for cultural

sustainability. Technical solutions utilise SCience, economics and technology and

generally emphasise global and generic Le. non-vernacular expertise with leading edge
contemporary international systems (Williamson et al. 2003).

Sustainability has led to a revision of the way we view traditional or vemacular

architecture. Rather than viewing it as retrograde or primitive, we now understand that it

has something to teach us, that 'local' architecture grew out of many iterative attempts to

deal with natural phenomena, and should be respected as a "repository of wisdom"

(Steele 2005 p.22).

One of the most important elements of the sustainability movement has been the new

attitude toward technology that it has encouraged. There is a growing debate today as to

how best to tackle environmental degradation. The 'appropriate technology' movement,

building on E.F. Schumacher's book Small is Beautiful (Schumacher 1993), proposes

modest solutions to environmental problems, claiming that high-tech answers just cause

more problems and resource depletion. This approach has been dubbed eco-minimalism

by the Director of Gaia Architects Howard Liddell and author of the book Eeo-minimalism

- the antidote to eeo-bling (Liddell 2008). The 'high-tech' advocates, on the other hand,
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continue to believe that all problems can be solved by science and technology (Steele

2005).

This has led to a differentiation of sustainable buildi ng exponents, dubbed either as "eco-

centric environmentalists" or "techno-centric environmentalists" by Pepper (1984 p.9). Guy

and Farmer (2000) propose that the ecological approach stems from a particular view of

nature generated from an ecology-based conception, requiring a holistic framework of

analysis emphasising the dynamic interaction between the living and the non-living as a

community of interdependent parts. The issue extends beyond anthropocentric concerns

to encompass a moral concern for the integrity of the natural world.

Guy and Farmer (2000) suggest that approaches to building tend to draw directly on

analogies from ecological systems as living, cyclical processes, which oppose the linear,

open systems of conventional building. Ecological design strategies emphasise the reuse

and recycling of materials and the reduction of dependency on infrastructure services of

water, energy and waste through the use of appropriate technologies. In order to achieve

this Pearson (1991) asserts that a paradigm shift in society from mechanistic to a holistic

systems-based conception of reality is needed, in other words a radical reconfiguration of

values.

Examples of the eco-centric approach are exemplified by bioclimatic and biomimetic

design principles. Bioclimatic architecture refers to the design of buildings and spaces

based on local climate, aimed at providing thermal and visual comfort, making use of solar

energy and other environmental sources. Basic elements of bioclimatic design, suggested

by Olgyay (1973), are passive solar systems which are incorporated into buildings and

utlilise environmental sources (for example, sun, air, wind, vegetation, water, soil, sky) for

heating, cooling and lighting the buildings.

Nature has evolved some of the most elegant and efficient design solutions since life on

earth began. Biomimetic architecture gains inspiration from these designs and

incorporates them into buildings which enable us to resolve design problems that

complement the natural environment and satisfy our innate need for a deep connection to

natural processes, commonly known as 'biophilia' (discussed in the next chapter). Victor

Olgyay uses the term 'morphology in nature' by which the forces of nature have a direct

effect on the formation of objects. He states that "knowledge of form leads to the

interpretation of the forces that moulded it and vice versa" (Olgyay 1973, p.62). Therefore,

it can be argued that buildings should both be inspired by and reflect natural processes in

their desiqn, construction, operation and use.
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The technological stance represents a belief in incremental. techno-economic change and

that science and technology can provide the solutions to environmental problems. Cook

and Golton (1994) assert that techno-centrics recognise the existence of environmental

problems and want to solve them through management of the environment. The design

strategy is adaptive. but based on recognisably modem. usually high-technology

buildings. The success of this design approach is expressed in the numerical reduction of

building energy consumption and material embodied energy and in concepts such as life-

cycle and cost-benefit analysis.

The techno-centric approach to sustainable building design is encapsulated in the maxim:

build tight, ventilate right. An example of this approach is represented by the PassivHaus

system. The term 'PassivHaus' refers to a voluntary. low-energy construction standard

first developed in the early 1990s by Professor Wolfgang Feist of the PassivHaus Institut

in Germany. The core focus of Passivhaus design is to dramatically reduce the

requirement for space heating and cooling by super-insulating the building envelope.

achieving high levels of air-tightness and using mechanical ventilation with heat recovery.

Highly prescriptive requirements are set in order to achieve the PassivHaus standard in

terms of overall energy required for space heating. Some aspects of bioclimatic design

may be used. such as south-facing glazing. as well as external shading. but the overall

build format and internal layout are not necessarily that different from those in a standard
building.

In many respects sustainable building practices are an amalgamation of approaches. as

the sustainable building agenda develops and becomes more synthesised with both

traditional and modem methodologies. By studying these principles common themes

emerge that can highlight opportunities which. if widely adopted. can encourage

sustainable behavioural change throughout the planning. design and construction of

buildings and beyond. in the way we operate and use buildings.

By embedding sustainable building techniques. interactive sustainable features. natural

sustainable materials and renewable technologies. the building space becomes an

example of sustainability in action throughout the design. construction. operation and use.

This hypothesis proposes that this enables those involved throughout the building process

from designers. engineers and contractors through to the building users and operators to

directly experience and undergo 'deeper experiential learning' to ultimately offer solutions

leading to more sustainable lifestyles and working practices. It is the aim of this study to

establish the extent to which sustainable buildings can encourage greater sustainable
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behaviour and conversely how poorly performing buildings can discourage sustainable

behaviour.

1.4.1 Aesthetics

The two different sustainable building typologies that represent both eco-centric (see

Figure 1.4) and techno-centric (see Figure 1.5) approaches are aesthetically quite

different from each other.

Figure 1.4 (left) Eco-centric sustainable building typology (Source: CAn

Figure 1.5 (right) Techno-centric sustainable building typology (Source: Author)

Sustainable design solutions that are based on natural, organic structures and forms, built

from low-carbon materials, processes and technologies tend to appear more organic and

non-linear in form than those that rely more on technical solutions to achieve narrower

energy efficiency targets. These tend to appear more rectilinear in shape. This is of

course a generalisation and as sustainable building design evolves, a synthesis of

approaches is emerging. In terms of aesthetic appeal both have their supporters and

critics and the discussion around the aesthetics of sustainable buildings is an increasing

subject of critical debate.

It may be argued that sustainability, as a response to environmental problems, transforms

the aesthetics of architecture in a substantive way. It may also be viewed as incompatible

with pure aesthetic architectural design. This latter position is repudiated in the writings of

Immanuel Kant:
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A work of free art (pure aesthetic consideration) does not possess an end other
than to itself. Beauty is found in a works 'purposiveness' and the experience of
beauty arise from the sense that a given object [e.g. a building] serves and fits a
given purpose [e.g. sustainability].
(Kant in Critique of Judgement 2007, p.47)

The 18th century philosopher who coined the term aesthetics, Alexander Gotlieb

Baumgarten (in Healy 2003 p.22) describes aesthetics as "a form of knowledge that is

gained from that which is sensed." Lee sums up Baumgarten's proposal:

What we sense and perceive, the exteriority of an object, is a manifestation of the
invisible or intangible qualities of its interiority, and therefore, that studying the
connection of the two presents a meaningful approach to knowledge.
(Lee 2011 p.11)

This strongly supports the hypothesis that sustainable buildings in both their form and

function have the potential to influence knowledge, understanding and ultimately change

the behaviour of those that are involved with them towards more sustainable behaviour. It

may be argued that the extemal and internal appearance of buildings, constituted of the

materials from which it is constructed, the method by which it is constructed and the

processes that are evident in its operation have an impact on the behaviour of those

involved in its design, construction, operation and use, inextricably linking form and

function with a more whole-system approach.

Modernist design and construction practices have disconnected form from function in a

more linear process with architects prioritising form and aesthetics whilst engineers, to a

large extent, deal with function and performance afterwards. It is hard to imagine how the

purely aesthetic considerations in the design of buildings can ever be achieved

sustainably with much degree of environmental credibility. Perhaps one of the most

notable examples is the London Bridge Tower (see Figure 1.6), commonly known as 'The

Shard', undoubtedly a dramatic addition to the appearance of the London skyline, but in

its scale and material considerations offers no relationship to its environment or climate,

the aesthetic forcing it to be a climate-rejecting structure with completely intemalised

heating, cooling and ventilation systems. Its form has been criticised as aggressive and it

tells us little about energy efficiency, prudent use of resources, equality and affordability.

In a recent article (Kollewe and Hawkes 2011) the architect who led the team that

designed the Swiss Re building (see Figure 1.7), commonly known as the 'Gherkin', Ken

Shuttleworth, has pronounced that "the age of bling is over." He claims that tenants are

demanding austere and efficient buildings that are more likely to be "ground-scrapers"

than high-rises. He has stated that "the tall glass box is dead.II Despite this view, at a time

when office rents are projected to surge, there is a boom in towering buildings and they
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are justified on the grounds of rising population and sustainability, but many developers

still want to create 'stunning architecture', and there will always be architecture driven by

this desire, based mostly on aesthetic considerations.

Ken Yeang, a leading exponent of sustainable high-rise buildings asserts that the tall

building is an urban fact. He seeks what he calls ecomimesis in buildings, a way to 'copy

and paste' nature into high-rise designs. He states that:

green high-rise buildings should not look like modernist buildings, not pristine and

should have a level of 'fuzziness'. If we want eco-structures to be acceptable to the

public they have to be aesthetically beautiful and the green aesthetic is something

that we are constantly exploring. A building that acknowledges nature in form

might help sharpen awareness about the role that architecture plays in our often

un-green urban spaces. There is unquestionably a causal link between a building's

look and its sustainable credentials.

(Yeang in Pastemack 2009 p.2)

Figures 1.6 and 1.7The 'Shard' and the 'Gherkin' buildings

(Source: Wikipedia 2013)

Natural buildings following the eco-centric design principles using natural materials,

processes and technologies produce an aesthetic bome of sustainability-Ied thinking.

These tend to reflect organic forms and natural processes that lead to a non-linear 'fuzzy'

appearance which some find too far removed from the modernist aesthetic, not
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conforming to our aesthetic norms. Conversely, the techno-centric forms resulting from

the application of sustainable technologies, such as the PassivHaus system draw criticism

for their 'box-like' appearance and complete lack of aesthetic quality (Williamson et al.

2003).

Many sustainable buildings seek to promote a green aesthetic and ambience in their

design. Often these design considerations flow from and are achieved in a synergistic

manner by the central design goals of reducing energy impact, water impact and providing

a healthy inner space for its occupants. A green building can aspire to and rise to a higher

architectural realm and make a profound social/cultural comment, often achieving a

remarkable level of beauty in the process.

Sang (2011) argues that at the heart of architectural aesthetics are the concepts of i)

sustainability; a process that can be maintained and continued for a certain duration, or

hypothetically speaking, indefinitely, and ii) durability; the state of an object, the wayan

object is made allows it to function for the duration of the purpose it is intended to serve

(and possibly beyond) without failing irreparably.

Hill (2011) argues that the modem era has seen architecture increasingly participate in the

endless search for new aesthetic directions and that current architecture is increasingly

subject to 'aesthetic obsolescence' and suggests that sustainable architecture is

susceptible to this pressure to become an aestheticised commodity with an ever-

decreasing life-span. Hill goes on to argue that the early radical environmental

architecture of the 1960s and 1970s often focussed less on aesthetics and more on

changing peoples way of living (sustainable behaviour). However, he argues, more recent

sustainable architecture has shown a greater interest in participating in what he calls the

'aesthetic economy', rather than focussing on pro-environmental behaviour. It has instead

focussed on developing technological strategies to maintain unsustainable behaviours for

the lowest resource and energy cost.

Therefore, it is argued that what drives the design of a sustainable building ultimately

impacts not just on its appearance but on its environmental impact through the behaviour

of participants in the process. Technologies, materials and methods shape both the form

and the function of the building and aesthetic considerations cannot be made in isolation.
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1.5 Content of chapters and structure of thesis
The structure of the thesis follows a logical sequence with an investigation of theoretical

principles and the epistemological underpinning of the research followed by analysis of

practical case studies leading to conclusions and recommendations. Literature reviews

are incorporated into each of the initial chapters exploring where this topic sits within the

wider academic field, identifying existing gaps in knowledge and what is distinct about this

research. Existing theories in the fields of sustainable building design, technology and

construction, Education for Sustainable Development (ESD) and environmental and

architectural psychology are identified which serves to justify the approach of this study.

A discussion of the case for sustainable buildings is the focus of Chapter 2 investigating

global, UK and regional perspectives, current theoretical and philosophical thinking related

to social, economic, environmental, technological, physiological and legislative issues.

Chapter 3 begins to draw together the inter-relationship between human behaviour,

pedagogy, sustainability and the built environment defining sustainable behaviour from

various psychological and theoretical perspectives, combining buildings and sustainable

behaviour and considering buildings as educational resources. The chapter concludes by

considering this synthesis in the context of individual, organizational and institutional

behavioural change within the built environment arena.

The effects of human behaviour throughout the lifecycle of buildings is discussed in

Chapter 4 in the context of achieving sustainable outcomes in the built environment and

how these can be optimised through planning, design, construction, operation and use.

Chapter 5 introduces the five buildings selected for case study research, describing their

design origins, key sustainable features, methods and materials.

The online surveys conducted for the five case study buildings are presented in Chapter 6

with a discussion of the methodology and details of how the survey was conducted. The

five case study buildings are analysed collectively for the pre-construction, construction

and post-construction phases, reflecting a holistic overview of all five buildings.

Chapter 7 presents the main qualitative research findings from face-ta-face interviews

using a semi-structured questionnaire aimed at key stakeholders involved with each of the

respective case study buildings. The findings from stakeholder responses are presented

on a case by case basis focussing on the pre-construction, construction and post-

construction phases of each of the buildings, followed by a chapter summary.
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Chapter 8 brings together the theoretical findings and case study data from the online

surveys and face-to-face interviews and discusses the results with analysis, restating the

main research question and how this study aims to inform the design, construction,

operation and use of buildings to achieve greater economic, social and environmental

sustainability.

Chapter 9 highlights the key conclusions from this research project and restates the

research objectives and how they have been met and what is distinct and original about

this research, underlining implications for future research and practice. Limitations of the

research are also discussed including issues beyond the scope of the research. It

includes a summary of recommendations which is intended to be a useful reference guide

for stakeholders in sustainable buildings for optimising the sustainable design,

construction and operation of buildings in relation to sustainable behaviour.
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Chapter 2: Defining the Need for Sustainable
buildings

2.1 Introduction
This chapter puts the case for a sustainable built environment in a global, national and

regional context. It defines sustainable buildings from a number of theoretical,

philosophical and typological perspectives that represent current thinking and best

practice in the field. It critically analyses sustainability and the built environment on social,

economic, environmental, technological and physiological grounds.

2.2 The three pillars of sustainability

In 1987 the UN Environment Commission, chaired by Gro Harlem Brundtland, published

its findings in Our Common Future which contains the widely accepted definition of

sustainable development as: "Development that meets the needs of the present without

compromising the ability of future generations to meet their own needs" (Brundtland

Commission 1987, p.10). This may be viewed as a virtuous but imprecise concept, open

to various and often conflicting interpretations. However, it remains the global standard

and addresses the needs of both the present and future generations in terms of

environmental resources. The definition Brundtland coined may well be the single biggest

imperative for global development in the 21s1 century. The Brundtland definition has

spawned a series of sub-definitions to meet particular sector needs. These various

definitions show the value of COiningterms of reference for specific topics - be they

building types, services provided, or levels of development which outline a philosophy that

benefits from a degree of imprecision. There is general understanding and set of

principles which allow useful sub-definitions to be framed within its broad meaning.

Within these broad definitions and interpretations there are three recurring dimensions

that provide the focus for action by different interested parties:

• Environmental sustainability

• Economic sustainability

• Social sustainability

The widely accepted three pillars of sustainability of economy, society and environment

were discussed at the 2005 World Summit of the United Nations and are represented in

Figure 2.1 which suggests that both economy and society are constrained by

environmental limits. Figure 2.2 shows sustainability at the confluence of the three

constituent parts. The three pillars, or triple bottom line have served as a reference point
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for numerous sustainability standards and certification systems in recent years and have

been adopted for this study as a baseline standard for analysing the sustainability of

buildings.

Figure 2.1 The relationship between
the three pillars of sustainability
(Source: Cato 2009)

Figure 2.2 Scheme of
sustainable development
(Source: Adams 2006)

Economic and social systems cannot be divorced from the 'carrying capacity' of the

environment - the idea that growth and social welfare has to be balanced by the

conservation of environmental resources by the present generation for the benefit of

future generations. Hence the term 'sustainable development' has wide ramifications for

built environment professionals - the people who are carrying out the development.

Sustainable development, defined in such terms, can be something that almost everyone

can subscribe to without too much inconvenience and can be interpreted into a set of

practices that are reasonably congenial in almost any socio-political context and therefore

tends to reflect highly anthropocentric and economic motives that lead to nature being

seen as a resource and is therefore open to criticism. It also begs the question of whether

environmental and economic sustainability are truly reconcilable and whether built

environment professionals are misleading themselves into thinking that development can

ever be completely sustainable in a world of finite resources.

2.3 Environmental perspectives

2.3.1 The global perspective
Anthropogenic, human-induced global warming through the greenhouse effect has largely

been recognised by internationally accepted authorities on climate change, most notably

the Intergovernmental Panel on Climate Change (IPCC) to be significantly contributing to

a rise in global temperatures with resulting changes in climate stating that "the balance of

evidence suggests a discernible human influence on global climate" (IPee 1995, p.412).
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A small rise in overall temperature means that water stored in ice-caps and glaciers begin

to melt, so sea levels rise and the reduction in ice cover decreases the ability of the Earth

to reflect heat back into the atmosphere. Warmer temperatures mean that water vapour

evaporates from oceans, so more moisture is available for rain, and the presence of

excess moisture in the air contributes to shifting wind and weather patterns. This has far-

reaching global implications as we experience flooding of coastal and low-lying areas,

heat waves become more frequent and more intense, drought and wildfires are likely to

occur more often. Disease-carrying mosquitoes may expand their range, Eco-systems

and food production will be disrupted and species may be pushed to extinction.
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Figure 2.3 Earth-surface temperature rise

Figure 2.3 illustrates earth-surface temperature rise and shows that the average Earth's

land temperature has warmed by 1.5 QCover the past 250 years and that the temperature

rise correlates closely with CO2 concentrations and the period of increasing

industrialization and development of carbon-based economies, which can be largely

attributed to the burning of fossil fuels. The term 'global warming' suggests an even

heating of the Earth; the reality is that there is a great deal of regional instability with some

areas warming and getting wetter and some cooling and getting drier.

At the time of writing, it has been widely reported that the area of arctic sea ice has shrunk

18 per cent against previous records (Vidal 2012) as shown in Figure 2.4. Sea ice in the

Arctic is seen as a key indicator of global climate change because of its sensitivity to

warming and its role in amplifying climate change. Sea ice is known to playa critical role
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in regulating climate, acting as a large reflector of much of the sun's energy, helping to

cool the Earth. According to the National Snow and lee Data Center (NSIDC), the

warming of Arctic areas is now increasing at around 10 per eent per decade. (NSIDC

2012)

Figure 2.4 Arctic sea ice extent for September 16, 2012 compared to 1979-2000
median for that day.

Arctic sea iee follows an annual cycle of melting through the warm summer months and

refreezing in the winter. Other leading ice scientists have predicted the complete collapse

of sea ice in the Arctic within four years. "The final collapse is now happening and will

probably be complete by 2015/16," according to Professor Peter Wadhams of Cambridge

University (in Vidal 2012, p.2).

The design, construction, operation and use of buildings has a significant impact on the

global environment in terms of energy use, the buming of fossil fuels, CO2 emissions, the

.depletion of finite resources, air, water and ground pollution, biodiversity and the

production of waste on a global scale. Near the end of the 20th century, the built
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environment became a focus of attention within the global environmental movement

Research by the World Green Building Council (WGBC 2010) reveals that buildings

consume 40-50% of the world's materials, use a quarter of the wood harvested globally,

are responsible for about 20% of global water consumption, consume between 30-40% of

the world's energy and create one quarter of total world carbon emissions that cause

global warming.

In spite of intemational agreements (such as those signed at the Rio Earth Summit and at

Kyoto) CO2 emissions continue to rise, around a third of which is due to global built

environment and related infrastructure activity, and that in spite of efforts made in

advances to improve the sustainability of the built environment. There are a number of

reasons for this, the dramatic increase in human population anticipated to exceed 9 billion

by 2050 (UN 2010), the legacy of older inefficient buildings, continuing use of

unsustainable building practices and unsustainable behaviour in the way we use and

operate buildings, rising consumer standards and demand for energy intensive goods and

rising demand for non-renewable energy from newly industrialized countries (Brazil, China

and India).

It was argued by Dunlap and Van Liere (1984, 1978) that a fundamental shift in our world

view is needed from a dominant Western view that sees humans as separate from nature

with dominion over all other organisms, that we are masters of our own destiny and have

the intellectual and technological capacity to solve any problem, that we have access to

an infinite amount of resources to a new ecological paradigm in which humans are

interdependent with other organisms. We need to acknowledge that many things we do

have unintended negative environmental consequences for the environment, recognition

that many resources such as fossil fuels are finite and that ecological constraints, such as

the carrying capacity of an environment, are placed upon us. This argument can be

viewed in the context of buildings and is a strong argument for sustainable buildings that

have a positive effect on our behaviour and the environment.

There is strong international consensus that climate change is happening (IPCC 1995)

and the vast majority of people, particularly in the developed world, claim to be concerned

(Pelham 2009). But efforts to communicate or convince still seem to fail to result in global

action as evidenced by the rise in global temperatures (see Figure 2.3), CO2 emissions

(WGBC 2010) and indicators of unsustainable behaviour such as the exponential rise in

car ownership (Worldwatch Institute 2013). So why then are we not adopting sustainable

solutions faster and more widely to tackle the problems of climate change? Climate
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change denial, apathy and scepticism are complex psychological, societal, emotional and

political problems.

A useful comparison can be made with mass human rights abuses. Cohen (2001) shows

how people living under repressive regimes resolve the conflict between the moral

imperative to intervene and the need to protect themselves and their families. He found

that people deliberately maintain a level of ignorance so that they can claim they know

less than they do. They exaggerate their own powerlessness and wait indefinitely for

someone else to act first - a phenomenon that psychologists call the 'passive bystander

effect'. Both human behaviour strategies lie below the surface of most of the commonly

held attitudes to climate change. Cohen (2001) also observes that societies also negotiate

collective strategies to avoid action.

Dr. Kari Marie Norgaard of the University of California (Norgaard 2007) reaches a similar

conclusion and argues that denial of global warming is socially constructed and that

climate change is excluded from social norms what she calls. According to Norgaard most

people have tacitly agreed that it is socially inappropriate to pay attention to climate

change, through a selective framing that creates the maximum distance. In opinion poll

research (MarshaIl2001) the majority of people will define the problem in three ways; i) as

being far away ("it's a global problem, not a local problem") or far in the future ("it's a huge

problem for future generations"), ii) with false positivity ("technology will solve the

problem") or ("the markets will sort it out") and iii) reactive denial or projection ("I've got

enough problems") or ("it's not me, it's those other people.... (the rich, the poor, the

Chinese».

Marshall (2001) puts forward reasons why we deny climate change:

Our response is strongest to threats Climate change is:
that are:

• Visible • Invisible
• With historical precedent • Unprecedented
• Immediate • Drawn out
• With simple causality • A result of complex causes
• Caused by another 'tribe' • Caused by all of us
• Direct personal impacts • Unpredictable and has indirect

personal impacts
Table 2.1 Reasons why we deny climate change

Marshall (2001) goes on to offer solutions:

• We recognize that information alone cannot produce change.

• We openly recognize the tendency to denial.
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• We encourage emotional responses.

• We develop a culture of engagement that is visible, immediate and urgent.

• As individuals as part of society we act with integrity and clarity.

Causes of climate change have been bundled with global 'environmental issues' dealt with

by environment ministers and departments and talked about in the media by

environmental reporters. The issues are championed by environmental campaigners and

therefore filter the message through a minority ideology or world view. Thus, the issue has

been burdened with a set of associations and metaphors that allow the general public to

exclude it from their primary concerns ("I'm not an environmentalisf') as could senior

politicians ("environment is important but economy and jobs are my priority"), in other

words outside their norm of attention.

Climate change is invariably presented as an overwhelming threat requmnq

unprecedented restraint, sacrifice and govemment intervention. The metaphors that it

evokes, such as "live simply so that others may simply live" are anachronous to people

who feel rewarded by free market capitalism and distant government interference.

Phrases such as 'save the planet' have little or no emotional connection for most people.

The word 'save' is closely connected with campaigns such as 'save the whale' with

connotations of activist culture and does not inherently require a change in behaviour and

also speaks of sacrifice, struggle and abstinence, to give something up, like heating or

lighting. Experts in motivational theory say this is an unproductive way to change

behaviour and it is better to focus on benefits. The word 'planet' like 'climate' has a

technical scientific origin that distances it from everyday lifestyles.

Climate change is a fast moving field and increasingly, severe climate events will reinforce

the theoretical warnings of scientists with far more tangible and immediate evidence.

People will only accept a challenging message if it is conveyed in their own language and

values which comes from a trusted communicator, usually within their own peer group.

We need to recognize that people are best motivated by a positive vision, by

understanding the real and personal benefits that could come from living in a low carbon

world where buildings in entire neighbourhoods are being constructed and refurbished

sustainably.

In an article by Brown he asserts that:
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The kind of changes in consumption needed to make a real difference to our
carbon output would require multinational action at govemmental level. But
democratic governments act from perceived self-interest even more than individual
voters do. Both ignore the very painful adjustments that would be needed to
diminish climate change. They want to minimise their own unpopularity and will
see the world in ways that make their actions seem rational. (Brown 2012, p.2)

Even the Kyoto Protocol can be seen as an agreement that has already licensed wealthy

countries to maintain their lifestyles without making any meaningful cuts in emissions or

undertaking related policies (Clark 2012). The 2009 United Nations Climate Change

Conference in Copenhagen resulted in no mandatory targets for emissions reductions.

2.3.2 The UK perspective
The built environment in the UK accounts for between 40 and 50% of all CO2 emissions

amounting to 360 million tonnes of CO2 released into the atmosphere per year (BRE

2003) and produces 120 million tonnes of waste f:NRAP 2007). Studies have shown

(Horvath 2004) that up to 29% of all solid waste going to landfill originates from

construction and demolition. During the process of decomposition this can result in the

release of methane, a greenhouse gas, with four times the global warming potential of

C02'

There is an ever-increasing momentum for the provision of built environments as the UK

population is expected to increase from 62.2m to 77m by 2050 (Dixon 2010) and there is

strong scientific consensus that human endeavours, such as construction, will contribute

exponentially to global warming with resultant effects on climate change and sea level

rises, with potentially disastrous effects for life on earth, unless fundamental Shiftsoccur in

the design, construction, operation and use of the built environment.

The Climate Change Act of 2008 sets legally binding national greenhouse gas reduction

targets of 34% by 2020 and at least 80% by 2050 compared to 1990 levels. There have

been a number of initiatives over the past few decades focussed on reducing the

environmental impact of the built environment. The recognition that building practices

need to change are evidenced by revisions in legislation with targets for zero carbon and

low water usage new-build housing by as early as 2016 and new build non-domestic

buildings by 2019 for England and Wales (DCLG 2007).

The UK Government's first national Climate Change Risk Assessment (CCRA 2012)

highlights UK threats from global warming under current conditions and over the long

term, within three timeframes: 'the 2020s' (2010-2039), 'the 2050s' (2040-2069) and 'the

2080s' (2070-2099).
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The assessment acknowledges that the climate is changing and warming will continue

over the next century and the UK is already vulnerable to extreme weather, including

flooding and heat waves. Increases in winter rainfall are predicted at around 16%,

increasing the risk of flooding from rises in sea and river levels by up to 36 cm and more

days of intense rainfall. A decrease in summer rainfall of around 22% are predicted with

implications for water use restrictions and long term shortages and even drought.

Warmer and drier summers, up by 2 QCwill potentially increase health threats affecting the

most vulnerable groups in our societies. Sensitive ecosystems are likely to come under

increasing pressure and climate risks in other parts of the world could have a significant

indirect impact on the UK with threats to global health, political stability and international

supply chains.

The report highlights, among other issues, buildings and infrastructure in the urban

environment as potential risks due to climate change that require 'early action'. Energy

demands for cooling are already increasing and are likely to increase further, particularly

in the south of the UK and we are beginning to see a significant number of dwellings with

cooling capacity (Grondzik et al. 2010). Overheating is projected to pose an increased risk

to building occupants. Summer overheating is projected to emerge as a significant risk,

potentially contributing to health related problems. This is now being addressed as a

mainstream concern within the Building Regulations (Approved Document Part L) for new

buildings.

UK water resources are projected to come under increased pressure with more frequent

water use restrictions and, in the long term, water shortages. By the 2050's between 27

million and 59 million people in the UK may be living in areas affected by water supply-

demand deficits (CCRA 2012). Flood risk is projected to increase significantly across the

UK and annual damage to UK buildings due to flooding from sea and rivers currently

totals around £1.3 billion and is projected to rise to between £2.1 billion and £22 billion by

the 2080's (CCRA 2012). Without action, a range of important infrastructure such as roads

and railways could be affected by a significantly increased risk of flooding

Energy demands for COOling are likely to increase, particularly in the south of the UK.

Currently cooling of buildings including air conditioning, refrigeration and cooling of

information and communications technology infrastructure accounts for around 4% of total

UK electricity use and demand for cooling of buildings is already increasing. In addition,

the waste heat from the cooling is typically ejected into the environment, rather than

captured, recovered or reused.
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Flood risks to buildings and key infrastructure are anticipated to increase. The Urban Heat

Island Effect could become more pronounced. Large cities in the UK already experience

higher night-time temperatures than the surrounding countryside due to their absorption of

heat during the day. Increasing urbanisation and energy use would cause this

phenomenon to become even more noticeable over the course of the coming century,

exacerbating potential health problems and impacts on biodiversity caused by

overheating. By the 2050's London temperatures could exceed the official definition of a

heat wave (32°C by day, 18°C by night) for more than a third of the summer.

Sewers are projected to fill more frequently and spill into rivers and the sea. Although

heavily influenced by socia-economic factors such as population growth, significant

increases in spill frequency may occur in future due to changes in rainfall pattems and

may impact public health and biodiversity.

420 million tonnes of materials are used in the construction of buildings in the UK each

year (Lazarus 2002) which accounts for 30-50% by volume of all manufactured goods,

excluding food production (Roaf 2004). 120 million tonnes ends up as waste from

construction, demolition refurbishment and excavation processes and it has been

estimated that 20 million tonnes of unused materials end up in landfill each year rNRAP

2007). Over their entire lifecycle, materials used in construction contribute a significant

amount to the environmental impact of the construction sector in terms of the extraction of

finite raw materials, their processing, transportation, manufacture into building products,

packaging, installation on-site and their destination after primary use.

In order to reduce the environmental impact of building materials those responsible for

creating and maintaining our built environment must engage with sustainable material

issues at each stage of procurement, design, construction and beyond the design life of

the materials. For example, during the construction phase alone, research has shown that

CO2 emissions can be reduced by as much as 30% through a careful selection of low

environmental impact materials (Gonzalez and Navarro 2006).

The issue needs to be addressed across the whole construction cycle from the brief

through to construction of the project and beyond the life of the building. This has led to

the development of a range of analytical techniques collectively called environmental life-

cycle assessment (LCA). There are also number of guides, resources and initiatives

aimed at tackling the environmental impact of construction materials, including the

Building Research Establishment (BRE) Green Guide to Specification and the Waste &

Resources Action Plan (WRAP) 'halving waste to landfill' initiative.
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The report concludes that despite the uncertainties to future climate change and its

impacts, the evidence is now sufficient to identify a range of possible outcomes that can

inform adaptation policies and planning. Lord Krebs, chairman of the group advising the

Govemment on adapting to climate change, said "without an effective plan to prepare for

the risks from climate change the country may sleepwalk into disaster" (Woodhouse 2012

p.22).

2.3.3 Adaptation and mitigation in relation to climate change

Mitigation of climate change deals with the impact the built environment has upon climate

change. Roughly half of man-made carbon emissions result from buildings and when

transport is included the figure approaches 75% (Edwards 2012). The challenge is to ad

to try to limit future climate change by reducing the carbon emissions that are understood

to be its root cause, largely from the burning of fossil fuels in the embodied energy from

construction materials, the construction process and from buildings in use. Adaptation

recognises that climate change is inevitable and is concerned with how design practices

need to be changed to adapt to a warming world.

This requires a fundamental shift in built environment practices and the behavioural

change of individuals, organisations, national and international institutions, away from past

experiences that were related to a familiar and relatively predictable climate. The design,

construction, operation and use of buildings in the modem-era has increaSingly displayed

significant levels of CO2 emissions (BRE 2003), relying on energy-intensive technological

solutions and practices far removed from natural and passive systems that are now

proving to be unsustainable and exacerbating climate change.

Microclimates can be modified to enhance human comfort levels, using less energy. Cold

northern cities can benefit by improving insulation levels and harvesting solar radiation,

both relatively simple and cost effective solutions. In hot climates, solar design and

shading devices, including trees and climbing plants, can be used to create shade and the

cross-section of buildings can be altered to channel natural air currents, thereby reducing

the need for energy intensive air conditioning.

2.4 Social perspectives
Modem European societies are characterised by the Cartesian trademarks of dualism,

reductionism and positivism which typically shape the way we think about problems, make

decisions and therefore the way we design buildings. Dualism expresses a difference

between body and mind, matter arid spirit, and between reason and emotion by which all

phenomena can be determined by mechanistic and technological principles. This enables
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the separation of regular and controllable events from those that are erratic, unpredictable

and uncertain, such as the consequences of anthropogenic climate change. Cartesian

dualism effectively sets humans apart from nature and individuals apart from outside

influences. Responsibility for outside influences is dealt with by articulating codes of

appropriate behaviour, morals and ethics.

Architecture has increasingly become a science-based discipline, relying heavily on

technical solutions, and has therefore, according to Dripps (1999) become separate by

disconnecting people from its description of the world. By definition, reason-determined

solutions become the only consideration and the emotions of individuals are constrained

and moral sentiments are excluded from the process, making a reliance on technical and

scientific solutions the norm.

Reductionism perceives all entities as consisting of simpler or more basic entities,

breaking down a problem into simpler units, its component parts. We study and attempt to

understand these simple units by reassembling the parts in a logical fashion to understand

the whole problem. The whole consists of the sum of its parts, no more and no less

(Williamson et a/ 2003). Reliance on this system is the trademark of positivism, the belief

in the infinite capacity of human reason to control, dominate, and put to work the forces of
nature (Perez-Gomez 1983).

This has led to the familiar distinction between the 'art of architecture', the humanistic

components of social, moral and ethical considerations and the 'science of architecture',

the mechanistic, technological expression of architecture that has prevailed throughout
the industrial revolution. Considering the world as systems to be exploited and

- manipulated for human purposes has resulted in the destruction and pollution of much of

the natural environment. Since the 1970's 745,289 km2 of Amazonian rainforest have

been destroyed (BBC 2011) mostly due to illegal logging. Since the industrial revolution

acidity in the oceans has increased by 30 per cent (Gray 2010) and rigorous scientific

debate is anticipating a sixth period of global mass species extinction, due in large part to
human activity; the intensification of agriculture, increasing levels of human settlement,

industrial pollution and the accumulation of greenhouse gases (Natural England 2011).

According to Williamson et a/ (2003) science has become one of the most influential ways

of understanding the world. Society displays confidence in scientific methodology that has

driven industriali_sat-ion,4eadtngto new technologies that have undoubtedly contributed to

material well-being and health for some parts of the world. It has also contributed to the

exploitation of limited global resources due to industrial-scale production and consumer
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This broadly ethical dimension of the humanities applied to architecture links the built

environment disciplines with social cohesion, moral imperatives and ethical behaviour

which can be directly linked to the need for sustainable architecture. It may be argued that

the humanistic basis for architecture, prevalent for centuries has been gradually eroded

and marginalised in contemporary society, evidenced by the teaching and researching in

humanities-based subjects in universities today, and conversely the rise of their more

accountable counterparts in science and technology. This has also brought about a

growing empnasts on specialisation at the expense of interdisciplinary work characteristic

of the humanities. With the built environment disciplines we are in danger of giving priority

to short-lived concerns of novelty and visual appeal at the cost of issues of meaning, such

as climate change and the sustainability of the built environment.

When designers get it right, they create in a way that reinforces our common
humanity at the deepest level.
(Orr 2008a, p.24)

Orr (2008a) goes on to assert that designers ought to think of themselves as place-

makers, not merely as form-makers. Form-making puts a premium on artistry and fashion.

It is mostly indifferent to human and ecological costs incurred elsewhere. The first rule of

place-making is to honour and preserve other places in terms of both space and culture.

Hajer (1995) argues that to analyse environmental questions in terms of quasi-technical

decision-making on well defined physical issues misses the essentially social questions

that are implicated in the details. He goes on to suggest that the concept of sustainable

building is fundamentally a social construct and, in order to understand sustainable

buildings more fully, we have to account for the social structuring of both the identification

of environmental problems and their resulting embodiment in built forms.

Understanding the concept of a sustainable building as a social construct does not seek to

deny that there are serious environmental problems in urgent need of addressing or that

the wide range of built responses are not valid ethically, socially, commercially or

technically, in their own terms. The premise is that individuals, groups and institutions

embody widely differing perceptions of what environmental innovation is about.

Sustainable buildings can be viewed as a social representation of differing ecological and

ethical values encompassing a broad range of issues with differing emphasis on

technique, aesthetics and social responsibilities. One of the questions tackled in Chapter

3 is why we often act"in the self-interest, often in terms of individual economic and health

concerns when we often fail to act on wider concerns of community, social cohesion,
education and public health.
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Many UK cities are now entering an era when population expansion and housing

shortages may well exacerbate existing social inequalities and cause huge infrastructure

pressures.

Professor Tim Dixon of the Oxford Institute for Sustainable Development defines social

sustainability in his paper 'Putting the 'S-Word' Back into Sustainability,

How individuals, communities and societies live with each other.... blending
traditional social policy areas and principles, such as equity and health, with
emerging issues conceming participation, needs, social capital, the economy, the
environment, and more recently with notions of happiness, well-being and quality
of life.
(Dixon 2010 p.4)

Dixon highlights ways of measuring social sustainability and identifies the operational

issues in mainstreaming social sustainability. The paper highlights that social

sustainability can operate across different scales: it can operate at a business level in

terms of the way in which an organisation engages with society e.g. corporate social

responsibility; it can operate at an individual building level through the way in which the

building is connected to the wider community or neighbourhood and as the aggregate of

the relationships between people and places within a community or neighbourhood.

Factors which inhibit change are: the limitations of the building industry to measure social

sustainability. Metrics are relatively poorly developed (in comparison with, for example

environmental sustainability) at corporate level and at an individual building level where

community and impact-based measures are weakly formed such as with BREEAM, and at

community level. Where measures for social impact are relatively well-developed these

tend to be aspirational and often not followed through or monitored over time. Developers,

with few notable exceptions, have no long-term interest in monitoring the success or

otherwise of the project in social terms.

Given the impact of the built environment on the natural environment, society and culture

it can be strongly argued that the built environment professionals have a moral and ethical

imperative to act as stewards or trustees, to pass on the best of our civilisation (a stable

climate and biological diversity) to future generations.

The responsibility of the current generation of developers, architects, engineers and

constructors to act is arguably greater than any that have preceded them and the

dereliction to act could be severe for the global environment, the world economy and all of

society.
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The effects of climate change are now believed by a growing consensus of world scientific

knowledge to have very serious implications for the way our climate works and the moral

and ethical imperative to act is clear but much of the current debate around climate

change focuses on disputes over historical temperature records, the likely rate of warming

or the viability of a carbon tax, and the extent of the ethical challenge can easily be

overlooked or marginalised.

In his article A Perfect Moral Storm Stephen Gardiner states that "prosperous people

today are knowingly imposing large burdens on poor people, on the biosphere and on

future generations, and knowingly failing to act to reform our collective behaviour"

(Gardiner 2011, p.2) He suggests that if we measure our behaviour in terms of carbon-

dioxide emissions, today's prosperous people are not even beginning to reform their/our

conduct and points out that we are emitting more than we were 20 years ago. Global

carbon emissions from energy production are up 48 per cent on 1992, when the original

Earth Summit took place in Rio (Rogers and Harvey 2012).

Strong ethical claims do not always get transformed into strong political positions despite

how convincingly the ethical argument is put, the practical impacts remain to be

demonstrated while emissions from carbon uses that benefit the developed world are

already making life worse for poor people due to climate change, the present generation

continues to cause harm in the future.

Typical professional moral behaviour is expressed in terms of guidelines, rules, standards

and codes. As Tom Spector observes; "the nature of building codes reinforces the idea

that protessional moral obligations exist within a framework of well-defined relationships,

expectations and activities" (Spector 2001, p.22). Steele expands upon this by stating "the

new ecological awareness requires architects to be more open to other fields and to read

more widely in socio-economic issues, so that more informed decisions can be made.

This is not easy in a profession that can be very insular and focused" (Steele 2005, p.7)

Relying on this conventional mode of responsible decision-making (behaviour) to achieve

a truly sustainable architecture is problematic. The construction and development

industries are heavily dependent on the economic and political systems within which they

operate. Ethics and codes of conduct become secondary within a free-market economy.

Decisions need to extend beyond a reliance on existing conventions and empirical

knowledge and will require strategies over and above legal obligations of building

standards and regulations. Some of the best examples of sustainable building projects are

already aChieving this and five of them are presented later on in this thesis as case
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studies. In the words of the architect for one of the case study buildings "the ethic is

rendered aesthetic" (Timberlake 2010).

2.5 Physiological perspectives

There are health threats related to climate change, affecting the most vulnerable groups in

our society. These are likely to place different burdens on public health and social care

services. Premature deaths due to hotter summers are projected to increase by between

580 and 5,900 by the 2050's (CCRA 2012) and the resilience of our built environment has

a large part to play in adapting to and mitigating for climatic change to provide conditions

for humans to function effectively and comfortably in a warming world.

Generally, modem and industrialised construction methods, materials and technologies

have increasingly produced buildings that have detrimental effects on occupant health and

well-being as witnessed by the recognition of various medical conditions and disorders

such as Sick Building Syndrome (building-related sickness), Seasonal Affective Disorder

and Nature-deficit disorder.

2.5.1 Sick building syndrome

Sick Building Syndrome (SBS) is a chemical, biological and psychological phenomenon

commonly defined by symptoms associated by being in a particular building which are

relieved by leaving that building. It is a general malaise of multiple symptoms of an

unknown or uncleariy recognised cause. It should not be confused with 'building related

illness' (BRI) in which both the disease and its cause is known - such as legionella,

asbestosis, or humidifier fever.

Typical symptoms include headaches, fatigue, lethargy, eye irritation, nasal irritation, dry

throat, loss of concentration and nausea.

Building features that are strongly associated with symptoms of sick building syndrome

are highlighted by MCintyre and Sterling (1984) and Bradley (2007) and summarised

below.

• A hermetically sealed, air tight shell

• Mechanical heating, ventilation and air conditioning systems (HVAC)

• Use of materials and equipment that give off a variety of irritating and sometimes

toxic fumes and/or dust (volatile organic compounds, bacteria, moulds etc)

• Fluorescent lighting that may produce photochemical smog

• Application of (crude) energy conservation measures
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• Lack of individual control over environmental conditions

• Electromagnetic fields

• Negative ion depletion

The reasons for these failings are often integrated at design stage, such as airtight

envelopes with inadequate ventilation and can be related to the narrow parameters under

which buildings are operated in relation to temperature, relative humidity, lighting levels

and noise criteria. These parameters are often operated at default settings which do not

allow for fluctuations and human variability. As buildings become more complex, these

problems can be exacerbated if operational systems are poorly commissioned and

maintained. Professor Sue Roaf states;

The widely held assumption that the health, well-being and comfort of building
occupants depend on the close control of indoor climates is...erroneous and that
regulations that posit this view promote the values of certain professional and
cultural groups and ignore local cultural, economic, climatic and environmental
factors.
(Roaf et a/2010, p.65)

Even those buildings that have sustainability as a key design intent can overlook the

health and well-being impacts of sustainable design decisions. Ironically, 'passive'

techniques that are considered highly sustainable such as solar design and air-tightness

can result in overheating and poor indoor air quality if they are applied without proper

consideration of their impact on the health and well-being of occupants or the ability to

operate and maintain the systems at optimal levels through the life of the building.

Building techniques that allow the building to 'breathe' alleviate a lot of problems with

indoor air quality but are often not understood by building financiers or poorly executed by

designers, engineers and constructors. The notion of the building as a 'third skin' comes

from the 'Building Biology' movement: the 'first skin' being the human skin with clothes

forming the second skin.

A New Economics Foundation report (NEF 2010) suggests three core aspects of well-

being to which the built environment can contribute:

• Personal well-being based on people's experience of life in relation to their
physical and psychological well-being;

• Social well-being focused on people's experience of life in relation to their
community; and

56



• Economic and material well-being based on people's life experience in relation to

conditions and circumstances and their physical surroundings.

Biophilia is not just the love of nature but our inherent physiological and psychological

need to be closely connected to it. The human brain responds to natural patterns and

cues; the daily and seasonal cycles. The Biophilia hypothesis states that contact with

nature and natural systems enhances healing and recovery, reduces stress, health and

social problems, promotes healthy growth in children, provides restorative environments,

improves cognitive functioning and attention span and promotes information processing

effectiveness (Ellis 2010).

Bioclimatic designer, Victor Olgyay argues that the only species that are fit to survive are

those which are in harmony with their environment and adapted to all internal and external

forces to which they are exposed (Olgyay 1973).

Given that most people in developed, industrialised and computerised countries (and

increasingly those in developing countries) spend the majority of their lives indoors, the

built environment should reflect and enhance the innate human requirement for

connection to natural processes in the design, construction, operation and use of

buildings, particularly in terms of natural day lighting, access to fresh air, thermal comfort,

the use of non-toxic materials and non-polluting technologies which promote health and

well-being and improved cognitive performance.

2.5.2 Thermal comfort
Traditionally, occupants' own perceptions of whether a space in a building is providing

adequate comfort, or not, was directly managed by their own personal thermal comfort

experience through interaction with the building in terms of its design, construction,

adaptable elements, controls (blinds, shutters, curtains, shades and windows) and

management in relation to the local climate, culture and economy. Consequently, these

characteristics are more likely to be well understood.

The long-term performance and impacts of the building should be the responsibility of the

building designer whilst day-ta-day operation should be the responsibility of occupants

and must be controlled monitored and paid for by them (Roaf et a/2010). Building design

strategies will need to anticipate and accommodate new responsibilities allocated to

building designers, managers and occupants (Nicol and Roaf 2007).

Nicol and Humphreys (1973) identified thermal comfort as a self-regulating adaptive

system that includes both physiological and behavioural adaptations. Fundamental to the
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adaptive principle is if a change occurs that produces discomfort, people will tend to act to

restore their comfort. Physiological adaptations to coldness include vasoconstriction,

shivering and eating more food. Physiological adaptations to warmth inctude

vasodilatation, sweating and eating less food.

Behavioural adaptations to coldness include increased activity, increased clothing, closing

the posture, heating the room, finding a warmer place, closing windows, avoiding

draughts, modifying the building or leaving the building. Adaptations to warmth include

reduced activity, reduced clothing, adopting an open posture, separating from other

people , cooling the room, finding a cooler place, opening a window, using a fan,

modifying the building or leaving the building.

Psychological adaptations include expecting a range of conditions, accepting a range of

sensations, enjoying a variety of sensations, accepting behavioural adaptations and

accepting responsibility for control.

2.5.3 DaYlIgnting
The links between lighting and health and well-being in buildings are well known. Glare,

flicker, lack of contrast, inadequate illumination and unsuitable spot lighting can all add to

discomfort. Many buildings are of deep plan design and therefore are unable to be

illuminated by daylight to the interior. Fluorescent lighting is now commonplace and has

been associated with eye strain and headaches among other symptoms. This has

become less of a problem in modem lamp and luminaire technology where high frequency

ballasts and reflective direction of light is better understood.

The negative effect of lack of exposure to sunlight is common knowledge and a study

published as early as 1796 concluded that staying indoors for long periods causes people

to appear pale, flabby, apathetic and losing vital energy (Wilson 1998). Many people

prefer the outdoor environment for natural light and fresh air and buildings that incorporate

atria and other natural daylighting features are enjoying increasing popularity because of

their impacts on the health and productivity of occupants and are an important feature of

sustainable buildings. The human eye is responsible for"25% of nutrition intake, 70% of

sense receptors, 90% of information we learn, processing 2 billion messages to the brain

per second and contains 130 million rods and 7 million cones.

Photobiology is the science of the physiological effects of light on the body. Although most

of the light energy received by the retina is relayed to the visual cortex for vision, an

alternative pathway from the retina to the hypothalamus in the centre of the brain,
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maintains harmony within the body, and affects a cascade of hormonal responses via the

endocrine and pineal glands (Ellis 2010). The hypothalamus contains the biological clock,

controls the nervous system and regulatory functions by sending light related infonnation

to the pineal gland which releases melatonin to the blood stream according to levels of

daylight. Vitamin D is produced when skin is in direct contact with sunlight

Enzymes and hormones regulate biological activities within the human body (e.g.

digestion system). They are stimulated by selected colours of light to undergo molecular

changes and their ability to function is affected by these changes. Some colours of light

can stimulate certain bodily enzymes to be 500 per cent more effective and activate or

deactivate some enzymes. Therefore, using non-daylight spectrum light could affect our

biological activities.

Natural daylight contains all our physiological lighting needs across the whole visible light

spectrum which has therapeutic effects on humans. The natural daily cycles of dawn and

dusk control our energy levels through the production of serotonin, which causes us to

wake and become energised and melatonin, which induces calmness and prepares us for

sleep. Deprived of lighting cues, our bodies adjust to an unnatural cycles of sleeping and

waking patterns. It has been estimated that 100 bodily functions have daily rhythms per 24

hour cycle.

Lack of daylight can cause depression, anxiety, fatigue and the modem diagnosis of

Seasonal Affective Disorder (SAD) a disorder characterised by the lowering of

mood/mood swing occurring in winter. The disorder is strongly linked to sunlight starvation

which causes excessive levels of melatonin. Treatment for SAD uses full spectrum

(daylight) fluorescent lamps which have shown to be effective for 80 per cent of sufferers.

Exposure to sunlight has been found to significantly influence a range of physiological and

psychological functions. For example:

• Fertility: In Finland more children are conceived during the months of June and

July when the sun shines approximately 20 hours per day, than during winter
months.

• Mood: In Norway and Finland, a direct correlation has been found between

decreased exposure to sunlight and a higher incidence of irritability, fatigue,

illness, insomnia, depression, alcoholism and suicide.

• Exposure to sunlight produces an effect similar to physical exercise: a series of

exposure to sunlight will produce decrease in resting heart rate, blood pressure,
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respiratory rate, blood sugar and increase in energy, strength, endurance,

tolerance to stress and ability of the blood to absorb and carry oxygen.

Colour theory is also shown to have impacts on physiological and psychological

responses of humans with significant effects on blood pressure, pulse rate and respiratory

rate. Blue light has been found to relieve the pain of arthritis sufferers, red light relieves

migraine headaches, purple light has a calming effect reducing muscle tension and yellow

and orange walls improve IQ and academic achievement of school children.

Work by John Ott (2000) into the effects of fluorescent and natural light has shown that

mice under natural daylight lived almost twice as long (16.1 months) as those under white

fluorescents (8.2 months). Other research of his showed that under cool white fluorescent

lamps in windowless classrooms schoolchildren demonstrated hyperactivity, fatigue,

irritability and attention deficits whilst under full (daylight) spectrum fluorescent lamps in

the same windowless classroom behaviour, classroom performance and overall academic

achievement improved markedly in one month.

Other findings show that human cholesterol reduces rapidly and significantly under

sunlight and therefore, reduced exposure to sunlight results in higher levels of cholesterol

which is known to contribute to heart and circulatory system disease, the number one

killer in many western countries. Also levels of stress hormones were found to be higher if

cool white fluorescent lamps are used instead of daylight spectrum lamps. The stress

hormones are also growth inhibitors, so lack of sunlight may affect children's growth.

Supporting research by Heschong-Mahone has found that students with high levels of

daylight in their classrooms progressed 20 per cent faster in maths and 26 per cent faster

in reading in one year than those with the least. Similarly, students in classrooms with the

largest window areas were found to progress 15% faster in maths and 23 per cent faster

in reading than those with the least. Students that had a well-designed skylight in their

room, one that diffused the daylight throughout the room and which allowed teachers to

control the amount of daylight entering the room, also improved 19-20 per cent faster than

those students without a skylight. Students in classrooms where windows could be

opened were found to progress 7-8 per cent faster than those with fixed windows. This

occurred regardless of whether the classroom also had air conditioning (Heschong-

Mahone 1999).

Another aspect of lighting design in relation to health and well-being is the ability of the

occupant to alter their exposure to meet personal comfort. Different tasks require different
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lighting. CIBSE guidelines recommend 500 lux for general office work and 750 lux for

deep plan buildings (CIBSE 2002). Ideally natural day lighting should be maximised in

building design incorporated with adjustable and well-designed shading devices to reduce

glare and unwanted heat gain. Highly reflective tubes (light pipes) are now being

incorporated into buildings to bring natural daylight to the interior which also have the

additional benefit of requiring no energy to operate. Altemative strategies often rely on

providing a background level of illuminance at 300 lux and offering task lighting to users

so that they can control their own personal space lighting levels.

2.5.4 Ventilation and indoor air quality
Many of the current legislative trends are resulting in increased, not decreased, emissions

from buildings (Roaf et a/ 2009). In the UK, current building regulations are driving

designers towards the use of air-conditioning and away from less energy-intensive and

arguably healthier natural ventilation of buildings (Tuohy 2008). According to Professor

Sue Roaf et a/ (2010) ventilation is poor in many closely controlled buildings and

Seppanen and Fisk (2002) state that relative to natural ventilation air conditioning was

consistently associated with a statistically significant increase in the prevalence of one or

more SBS symptoms by approximately 30-200 per cent. Not least because poor

maintenance practices lead to unhealthy symptoms and contaminants, related to the

characteristics of heating, ventilating and air-conditioning (HVAC) systems. The Building

Research Establishment (BRE 2003) found that air inside buildings could be up to 10

times more polluted than the air outside.

Indoor air contains microscopic particulates - perfumes, bacteria, viruses, dust mite

allergens, respiration particles, pollen, mould; combustion products - carbon monoxide,

nitrogen dioxide, sulphur dioxide, hydrocarbons; and volatile organic compounds (VOCs)

- benzene, formaldehyde, chlorine, synthetic fibres, PVC and many other chemical

products. Pollution comes from paints, preservatives, insulation, adhesives, carpets, soft

fumishings, fumiture, cleaners and air fresheners. Other sources include timbers, ply,

particle board which may have been treated with preservatives, glues, paints and

vamishes. Fire retardant chemicals add to this potentially toxic cocktail of chemicals.

Newer construction techniques and materials result in buildings becoming increasingly air

tight. In such buildings the envelope has been designed to minimise leakage of air-

conditioned air to the outside but have also stopped fresh air permeating to the inside.

Sealed windows and artificial air conditioning plants (heating, ventilation and air

conditioning - HVAC) are thus needed to maintain warmth or coolness within. However,

this trend seems to be allowing a build up of noxious air. HVAC plants have been
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identified as a potent cause of SBS. Microbes and bacteria have been found in ducts and

filters which are then circulated throughout the internal space. Selecting non-polluting,

non-toxic and non-synthetic materials, in essence more natural and organic materials, for

the building fabric, services and finishes at the outset will reduce the burden of poor

indoor air quality on occupants.

Indoor air pollutants such as VOCs and particulate matter have been linked to a number

of health issues including respiratory and cardiac problems. Smedje and Norback (2000)

investigated the impact of improving ventilation systems in schools on the incidence of

allergies, asthma and respiratory problems in pupils. They found that incidences of

asthma symptoms, but not allergies, were reduced in classrooms with more appropriate

ventilation systems. An American study by the Environmental Protection Agency (EPA)

showed that school buildings are particularly susceptible to the effects of indoor pollution

because they tend to have high occupancy levels, tighter budgets and a higher number of

pollutant sources. Children are particularly vulnerable due to their size and in terms of

their stage of development as children breathe a greater volume of air in proportion to

their body weight than adults (EPA 2003).

Buckley et al (2004) suggest that poor indoor air quality is a significant problem which

increases staff and pupil absenteeism in many schools, which in turn reduces productivity

and performance. CO2 levels have also been closely related to the performance of pupils

and staff. A study by Coley et al (2004) found that in classrooms where CO2 levels were

high, pupils performed significantly less well on tests of cognitive function which indicates

a reduced ability to concentrate. The researchers concluded that the size of the

decrement is of similar magnitude to that observed in the course of a moming when
students skip breakfast.

Ensuring adequate ventilation is the standard method for reducing the level of indoor air

pollutants and CO2 concentrations, thereby improving air quality. However, research has

shown many schools, and by inference other buildings, fall below the minimum standards
for ventilation.

Field surveys carried out by Kukadia et al (2005) at 8 primary schools showed direct

association between the environmental conditions in classrooms and pupils' cognitive

performance. The air quality conditions in the classrooms were found to be inadequate for

teaching activities during about 35 per cent of the school hours. The pupils and teachers

in the classrooms studied were exposed to unacceptably poor air quality conditions with
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CO2 concentrations of up to 3.5 times the existing recommended levels of 1500 parts per

million (ppm).

In 16 classrooms interventions were made to improve the ventilation rate. As a result of

the interventions the provision of outdoor air to the classrooms was improved from the

prevailing levels of about 1 litre per second per person to about 7 -8 litres per second per

person. The results of computerised performance tasks performed by more than 220

pupils showed significantly faster and more accurate responses for Choice Reaction (by

2.2%), Colour Word Vigilance (by 2.7%), Picture Memory (by 8%) and Word Recognition

(by 15%) at high ventilation rates compared to low ventilation conditions.

The study also highlighted that staff were often reluctant to open windows to increase

ventilation and reduce levels of pollutants because noise levels would increase and cold

air would enter the classrooms. Interestingly, the research showed that the ventilation rate

could be increased by greater window use with only a small impact on thermal comfort.

The research provides strong evidence that poor ventilation rates in classrooms

significantly reduce pupil's attention and vigilance, and negatively affect memory and

concentration.

2.5.5 Materials

In the late zo" Century, industry and commerce has produced around 70,000 new

synthetic materials and chemicals according to Bradley (2007). Of these, less than 2 per

cent have been tested for safety to humans and up to 70 per cent have not been tested at

all. Around 1,000 new chemicals and materials are marketed each year, without the full

cost to human or ecological well-being considered. We take in this chemical cocktail via

breath, skin, water and food.

In the quest for healthy sustainable buildings the complexity facing building designers

cannot be overstated. For material selection procedures to effectively review

environmental and biological impact, the analysis must consider the impact from the

extraction of raw materials through manufacture, use, maintenance, reuse, or disposal, in

order to fully assess the global, local and personal hazards that may accrue from all the

materials and components that make up the building.

This is often beyond the resources available to the deslqn team who invariably rely on

product manufacturers to supply basic data about their materials and components which.

as already stated. are often untested in terms of their effect on human health throughout

their lifecycle (Bradley 2007). It is not unreasonable to assume that a considerable
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amount of time would be needed to check the environmental and biological characteristics

of materials. This highlights the need for industry-recognised databases on the

sustainable credentials of construction materials. Some do exist such as the BRE's Green

Guide to Specification (2009) and Greenspec (2010) but are by no means adopted by the

mainstream construction industry. Also, the designer and their client would reasonably

expect some form of warranty from the manufacturer of an untried new product. It is to be

doubted that manufacturers are in a position to guarantee that their product is free of any

hazard to health.

Two branches of medical science may be involved in assessing the impacts of

construction materials on human health: toxicology and epidemiology. Toxicology can

provide an early indication of possible health effects by means of experimental work.

Epidemiology involves observation of a sample population in order to assess some

suspected environmental hazard. Work in these fields inevitably lags behind new material

developments and means that building occupants could be at risk in the intervening

period.

The increasingly complex mix of materials and chemicals is encapsulated within airtight

buildings during the construction phase and subsequently become virtually invisible to the

general building user. All materials degrade over time and can leach out or 'off-gas' to the

internal environment with consequent impacts on occupant health and well-being. The

more synthetic, inorganic, chemical-based and man-made materials tend to have more

complex compositions, such as the wide variety of plastics available to the construction

industry that give off volatile organiCcompounds (VOCs), and therefore potentially pose a

greater risk to health than naturally occurring organiCmaterials, but even these can pose

a health hazard as many natural materials can contain harmful concentrations of radon

and formaldehyde..

Rarely are the materials and chemicals that are 'locked-in' to a building released in a

single moment and the demolition of buildings in carefully controlled environments,

illustrates the hazardous nature of many construction materials, particularly evident with

the widespread incorporation of asbestos in the post-war period.. A powerful and tragic

example of the toxic mix of materials and chemicals incorporated into modem buildings

occurred on 11th September 2001 when a terrorist attack caused the twin towers of the

World Trade Center in New York to collapse resulting in the pulverisation and co-mingling

of the main constituents of the construction materials producing vast clouds of dust.
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The dust contained a significant proportion of the tower's constituents, such as concrete,

glass and gypsum. Photographs of 'ground zero' show piles of shattered steel and

aluminium cladding, but show virtually no signs of the tens of thousands of tons of

concrete that constituted the 4 inch thick floor slabs of the tower's 110 floors. Most of this

had been pulverised into a fine dust. A scientific study (Lioy 2011) conducted a detailed

analysis of selected dust samples.

The study performed inorganic and organic analysis. The inorganic analysis identified

radionuctides, ions, and asbestos; and the organic analysis identified numerous

dangerous types of compounds, including: polycyclic aromatic hydrocarbons (PAHs);

polychlorinated biphenyls, dibenzodioxins, and dibenzo furans; Phthalate esters; and

brominated diphenyl ethers and carcinogenic materials. Exposure to and inhalation of the

toxic dust has resulted in serious illness and death beyond the normal physiological

effects of breathing inert dust particles and offers compelling evidence of the toxicity and

carcinogenic content of modem construction materials.

Few designers make use of the information available from medical science research

unless it is embedded in legislative requirements in a readily accessible format and with a

detailed breakdown of the content of the building materials and components under

consideration. It is interesting to speculate upon who should be responsible for making

information on the content of building products available. Manufacturers often claim the

need for commercial confidentiality which makes open access to detailed information

difficult.

There are many factors that affect users' perceptions of the buildings they occupy and

their physical and psychological well-being. Much of the research undertaken to date has

focused on aspects of the internal environment such as thermal comfort, lighting and

indoor air quality with less emphasis on the actual materials used. A recently

commissioned research project (BRE 2012) focuses on end users' comfort levels and

their aesthetic and emotional responses to materials selection. Looking at colour, haptic

(touch and feel) properties and emissions of materials amongst other characteristics, the

project explored occupants' perceptions of how they are influenced by the choice of

materials used, specifically in offices, classrooms and hospitals.

Responses were gathered via focus groups, qualitative questionnaires, sensory

experiences, interviews and an online survey. The building elements studied were limited

to ceiling, wall and flooring materials including windows and doors. When occupants were

asked to assess the impact they believe that interior materials have on their physical and
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psychological well-being, 88 per cent thought that they had a 'great' or a 'very great'

impact on psychological well-being compared with 64 per cent reporting a 'great' or a

'very great' physical impact.

As awareness of the need for healthier and sustainable buildings grows it is inevitable that

the detailed information upon the contents of building materials must be made available.

The only decision is whether this will be by voluntary code or by means of regulation. An

important factor will be the need to establish confidence and trust between manufacturers

and designers. Designers must use the information wisely and manufacturers will need to

assure us all that they are honestly addressing these issues. Proper comparative risk

assessment of the alternatives seems to be the best option. Further research is required

to improve our knowledge and understanding of the health effects from chronic exposure

to a wide range of contaminants in indoor air.

2.5.6 Acoustics

Noise can be an environmental stressor and can have adverse effects on the well-being of

occupants. Steg and Gifford (2008) state that relationship between noise level and

annoyance is moderated by social-psychological factors. They assert that individuals tend

to be less annoyed by noise when they have a positive attitude toward the source of the

noise, or, people who have control over a source of noise are much less annoyed than

those who do not control it, and people who believe the noise has an important purpose

are less annoyed than those who do not

Sources of noise in buildings are air-conditioning plants, outdoor noise filtering indoors,

office equipment and 'people' noise. According to Shield and Dockrell (2003) the general

effects of chronic noise exposure on children are deficits in sustained attention and visual

attention; poorer auditory discrimination and speech perception; poorer memory for tasks

that require the high processing demands of semantic material; and poorer reading ability

and school performance.

Therefore, good architectural design is critical to ensure that the fabric is designed to

attenuate external noise and good acoustical strategies are adopted to reduce internal

noise disturbances and the building services design and associated equipment selection

are carried out to ensure noise from services does not impact on health and well-being.

Achieving correct solutions is not always Simple given the constraints imposed by

architecture, structure, services, distribution and cost - even in properly co-ordinated

projects. This is covered to some extent in Part E of the UK building regulations.
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2.5.7 Obesity
A growing body of research reveals that the design of the built environment makes an

important difference in whether people are physically active. Population shifts to cities and

suburban areas, with streets designed for cars instead of pedestrians or cyclists, along

with building design that prioritises lift and escalator usage in preference to stairs has

helped to contribute to the steadily increasing obesity rates in developed countries.

The societal and financial costs of these design decisions are dramatic. According to the

Department of Health (2012) healthcare costs of obesity in the UK is estimated to be £5.1

billion (due to the diseases such trends cause, from diabetes to heart disease. Currently

15 million people in the UK are classed as obese and if trends continue it is estimated by

the NHS (2012) that this figure could rise to 26 million by 2030 (NHS 2012).

Knowledge about urban design and building design strategies is increasing and how these

are linked to greater physical activity and healthier eating. A new LEED innovation credit

focuses on building design strategies such as making staircases more prominent and

attractive, including bike storage in buildings, and creating areas for adult and child

exercise. These are changes that benefit not just people's health, but the vitality,

sustainability, and economic competitiveness of communities.

The debate on comfort, health and well-being covers both the obvious and the less

frequently addressed criteria which affect our physical and physiological reactions to our

environment. It also extends to consideration of the psychological factors which are

generally outside the professional competence of the architect and engineer. Designers

may in future be guided by medically oriented research into design solutions which could

alleviate the effect of factors, such as perceived lack of control over 'personal'

environment, poor management of indoor environments or the selection of unsustainable

construction materials.

2.6 Economic perspectives

There is a widespread perception that the protection of the environment is contrary to

economic interests. Conventional economics is concerned largely with continual economic

growth - measured by rises in a country's Gross Domestic Product (GDP). Historically

there has been a close correlation between economic growth and environmental

degradation: as communities grow, so the environment declines. This is clearly

demonstrated on graphs of human population numbers, economic growth. and

environmental indicators (see Figures 2.5 and 2.6). Economic sustainability is the ability of
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an economy to grow without incurring corresponding increases in environmental pressure.

This is commonly termed decoupling.

In 2011 the International Resource Panel (IRP). hosted by the United Nations

Environment Programme (UNEP). warned that by 2050 the human race could be using up

natural resources at three times its current rate of consumption unless nations can make

serious attempts at decoupling economic growth and environmental stress (IRP Report

2011).
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Figure 2.6 Drivers of global change
Source: Steffen et a/ (2004)

Conventional economics states that as a commodity or service becomes scarcer the price

increases and this acts as a restraint that encourages frugality, technical innovation and

alternative solutions. However, this only applies when the product or service falls within

the market system. As the environment is generally treated as an economic externality it

is un-priced and therefore overused and degraded. Market strategies can be used to

internalise these externalities through tax reforms and financial incentives, carbon trading

and the payment for environmental services. Societies generally recognise some

ecosystems services such as food, water and energy as they pass through the market,

the value of others such as climate regulation, the delivery of clean water and green

spaces for recreation are much more difficult to quantify. A recent report by the UK

69



National Ecosystem Assessment (UKNEA) (Brown et al 2011), a collaboration between

social and economic scientists, has measured the benefits that the natural environment

provides to society and continuing economic prosperity and places a financial value on the

natural environment. Traditionally, the common view has been that caring for the

environment means extra financial burdens.

But the UK NEA shows that there are real economic reasons for safeguarding nature by

providing values for a range of ecosystem 'services' the natural environment provides. For

example, the amenity benefits of living close to rivers, coasts and other wetlands are

worth up to £1.3 billion per year to Britain, making a strong economic rather than

emotional case for their protection and preservation and the health benefits of living near

green spaces are worth up to £300 per person per year. The report concluded that

population growth and climate change are likely to put additional pressure on ecosystems

and actions taken now will have benefits far into the future. It stresses the need for a more

collaborative approach to enhancing the environment including government, the private

sector, voluntary groups and the public.

The Stem Review on the Economics of Climate Change (Stem 2006) reports in detail the

effects of global warming on the world economy. The Stem Review's main conclusion is

that the benefits of strong, early action on climate change far outweigh the social,

economic and environmental costs of not acting. For example, annual damage to UK

buildings due to flooding from sea and rivers currently totals around £1.3 billion and is

projected to rise to between £2.1 billion and £22 billion by the 2080's due to climate

change (CCRA 2012).

According to the Review, without action, the overall costs in dealing with the

consequences of climate change will be equivalent to losing at least 5% of global gross

domestic product (GOP) each year and potentially 20% of GOP taking into account a

wider range of risks and impacts. In essence the Review looks at cost-benefit analysis

that factors in the 'opportunity cost' of not acting and the 'option value' (willingness to pay)

of waiting for further information before acting.

The Review proposes that 1 percent of global GOP per annum is required to be invested

in order to avoid the worst effects of climate change. In June 2008, Stem increased the

estimate for the annual cost of achieving stabilisation in carbon emissions to 2 per cent of

GOP to account for faster than expected rates of climate change.
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The Stem Review has received criticism from a wide range of sectors which include;

questioning the scientific consensus on climate change (Lea 20(6), the impact of

recommendations on UK competitiveness (Muspratt and Seawright 20(6), discounting

errors in calculating the possible economic damages of future climate change (Taylor

2006), bias in selecting references (Lomborg 2006) and accusations of 'eco-

fundamentalism' (Lawson 2006). It has also received positive critical responses

highlighting the need to act now, the potential for green businesses to flourish and giving

momentum to tackling environmental problems.

Simply measuring economic growth through GOP has been strongly criticised. Professor

Tim Jackson, professor of sustainable development at the University of Surrey (Jackson

2009, p.2) states ''we're living with the legacy of our growth-obsessed society" He

describes the economy, based on growth over the last two decades as an "illusion" and

cites the decline in manufacturing, weak export markets, lack of consumer confidence and

chaotic financial sector as evidence of the failure of basing prosperity on a "meaningless

indicator - gross domestic product."

Professor Peter Victor, author of Managing Without Growth states:

We have to run our economies in a way that places a lesser burden on the planet.

We've overreached the capacity of the planet to support us and we need to give

up the pursuit of growth as a primary policy objective.

(Victor 2008, p.3).

In their book, The Green Building Bottom Line, Melaver and Mueller (2009) propose a

move toward an alternative form of capitalism. They call this 'capitalism with a difference'

as opposed to 'indifferent capitalism'. This is summarised in table 2.2.

This indicates that a significant change in economic behaviour on an individual,

organisational and institutional level is required in order to achieve more sustainable

business practices that can be applied to the development of sustainable buildings. By

engaging in sustainable business practices it is argued that self-actualisation takes place

through experiential learning, awareness and ultimately changes in sustainable behaviour

take place.

This change requires a higher ethical stance or the recognition that it is prudent business

sense to move in a more sustainable direction. Adherents to the narrative of indifferent

capitalism might look to government and its use of regulations, subsidies and incentives to

71



change the way business is conducted, in order to address environmental and social

justice issues more effectively. However, sole reliance on the current paradigm of

indifferent capitalism to respond to urgent environmental issues is a strategy that is simply

too slow.

CONCEPT INDIFFERENT CAPITALISM CAPITALISM WITH A DIFFERENCE
Basis in economic theory Adam Smith, The Wealth of Nations Adam Smith, The Wealth of Nations

(1776): Free circulation of money, (1776) plus The Theory of Moral
goods, labour, specialisation Sentiments (1759): Balance
providing for market efficiency commercial liberty with moral

sympathy, holding that the efficient
market is composed of small
enterprises located in community

Bottom line Financial performance only Includes social and environmental
metrics with financial performance

Governance Shareholder theory: Business is Stakeholder theory: Business is
answerable to its shareholders answerable to a broader range of

people beyond shareholders to
employees community

Scope Globalisation Internationalisation (each country
sets its own rules) or localisation
(self-sustaining local economies)

Notion of growth Maximise growth: The bigger the pie Optimise growth: Smaller pie, more
the better equitably distributed

Integration Efficient integration of global supply Effective integration of economic,
chain social and environmental issues

Mobility Highly mobile in terms of investment, Place-centric, tending to put down
production, capital; will move quickly long-term roots in a particular locale.
in and out of markets based on Strong investment in community
cheap costs and high returns

Value & investment threshold Focus on quarter-to-quarter short- Greater focus on long term value,
term returns; value based on stock total return
price

Company profile Large transnational companies, Often (though not necessarily)
typically publicly traded, with short- smaller companies or larger publicly
term investment horizon traded companies with stable, lon9-

term shareholders
Table 2.2 A tale of two capltahsrns (Source: Melaver and Mueller 2009, p.10)

A tool used by economists and market analysts, the 's-shaped curve' illustrates the time it

takes for an innovation to become widely diffused, hit a tipping point, and become

adopted. This is slow when a critical mass of innovators and early adopters is absent.

Change is accelerated as these variables increase requiring organisations to become

more responsible for their social and environmental consequences of its activities. This

requires a change in systemic thinking and is often driven by pressure being exerted from

outside the organisation by bodies working for social and environmental justice. This is

highlighted by the widespread adoption of Corporate Social Responsibility (CSR) as a

driver for organisational change.

Sustainable business practices integrate ecological concerns with social and economic

ones which can result in triple bottom line benefits e.g. investment in energy efficiency can

increase profits by reducing costs potentially leading to job creation and increased market

share due to an improved public image. The idea of sustainability as a business

72



opportunity has led to the formation of organisations such as the Sustainability

Consortium of the Society for Organisational Learning, the Sustainable Business Institute,

and the World Council for Sustainable Development.

Using whole-life analysis avoids decisions being made based solely on the short-term

costs of design and construction. Often the longer-term maintenance and operation costs

can be a significant proportion of the whole-life cost, and for some projects will far

outweigh the initial design and construction costs. Whole-life thinking is an essential

component of sustainable design.

2.6.1 Economic benefits of sustainable buildings

A recent study by the World Business Council for Sustainable Development (WBCSD

2007) found that the building industry greatly overestimates the cost of sustainable

building while underestimating the amount of greenhouse gases emitted from the

construction and use of buildings. According to the study, respondents estimated that

implementing sustainable building practices would increase costs by 17 per cent, when

the premium is in fact closer to 5 percent. Building-related greenhouse gas emissions

were estimated at 19 percent of the global total, when the figure is actually closer to 40

percent.

UK and US studies, referred to below, show that there are real and quantifiable benefits of

sustainable buildings in terms of; capital cost savings, reduced running costs, increased

investment returns, increased productivity, staff recruitment and retention, more efficient

resource use and major image and marketing advantages.

Decisions made early on in a project to incorporate sustainable features ,are likely to result

in less of an increase in capital costs than those made at a late stage and may result in

significant savings over the life of the building. Two Building Research Establishment

studies (Surgenor and Butterss 2008 and BRE 2005) investigationg the costs of various

building typologies show that to achieve a 'Very Good' rating would require an increase in

capital costs of between -0.4% and 1.3%. An 'Excellent' rating would require an increase

in capital costs of between 1.9% and 4.1%.

To scale-up green buildings to become the norm requires investors to perceive

sustainable buildings as financially attractive. Common and comparable certification

standards can assist potential investors and developers in assessing the merits of green

building projects. There are perceived risks in that sustainable buildings can be seen as a

short-term trend with a narrow market place appeal that runs counter to longer-term

investment strategies. One of the problems is that a disconnect seems to exist between
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those who pay the upfront costs of the development and those who ultimately benefit from

the savings in the longer term. To correct this 'advanced incremental funding' has been

developed, which involves a financial partner issuing a loan to the property owner, who

then repays the loan over a predetermined period, allowing the cost of the loan to be

passed on to tenants through common element charges. After the loan period, the energy

efficiency savings then accrue to owners and occupiers. As tenants provide the ongoing

demand for buildings the benefits of occupying a sustainable building must be understood

and there is evidence that sustainable buildings achieve higher rents and therefore reduce

investment risks.

In a research report, evidence revealed that effective rents for certified green buildings are

about 6 per cent higher than rents for comparable buildings located nearby (Quigley et a/
2009). Achieving high efficiency ratings also acts as a safeguard to minimise the effects of

future energy price increases, recognising carbon emissions as a real cost, with future

cost and taxation implications and therefore it makes strong economic sense to develop

greener buildings. Investors are also increasingly seeing socially and environmentally

responsible investment as a priority moving toward longer term investments in

communities and maximising retums by optimising life-cycle capital investment.

Institutional investors such as pension funds have a longer term outlook and offer better

alignment with sustainable projects.

Commonly understood economic principles of economies of scale suggest that

institutional capital wants to commit to multiple projects over an extended period of time.

However, replication does not generally lend itself to sustainable construction projects

which tend to focus more on sensitivity of place, people and community, factors which can

be perceived as adding another layer of complexity to the standard economic model.

Tax credits focussed on new markets include social as well as financial components. A

company with a triple bottom line orientation, focussed on social and environmental

consequences of its activities is more likely to be developing in urban core areas where

development can be a catalyst for revitalising a community. Tax credits can make a

project significantly more financially viable. A triple bottom line focussed development has

to deliver on the financial metric first and foremost.

According to a report published by the Department for Communities and Local

Govemment (DCLG 2011) it was found that the average cost of building a home to code

level 3 of the Code for Sustainable Homes (CSH) has fallen by more than 70 per cent

over the past three years. It was found that the average additional cost has fallen from

£4,458 in 2008 to £1,128 in 2010.
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The report concluded that this was largely due to operational efficiencies and economies

of scale in the higher volume of procurement and supply chains for sustainable

technologies and that decreases in costs were attributable to market pressures rather

than greater experience in building to CSH. The report highlighted the ability of builders to

develop optimal solutions which included focussing on the fabric first then to focus on

renewable technology which yielded greater efficiencies in construction through

standardisation. Even though the cost of renewable technologies was observed to be

decreasing due to a large volume of supply, a significant skills gap was identified for

installing specialised technologies resulting in high labour rates but the skills base is likely

to expand to meet future demand.

In addition, the report looked at overall price trends across the building industry and

observed that the building industry is a complex area given the significant level of

uncertainty in both technical solutions and market changes which is exacerbated when

projecting costs forwards for six years or so in the context of the currently 'depressed'

market.

Altemative materials exist which can deliver higher performance qualities more efficiently,

but because they are not mainstream they will tend to be more costly. As the industry

adapts to lower U-values we are likely to see material costs fall through efficiency gains in

bulk procurement of these new materials.

The market for renewable technologies is relatively mature on a European and global

level, UK supply chains are still growing to meet demand. Advances are still being made

that should reduce the unit cost and it is expected that the cost of renewable will decrease

through volume procurement and technology advances.

Operational costs are diverse ranging from utilities such as energy, water and waste, staff

costs, rents, maintenance, management costs and transport and computing. Yates (2001)

found that operational resource use costs account for approximately 5 times

constructional costs over the typical 60 year life of a building and typical staff costs

account for approximately 200 times the construction costs over the same period.

Sustainable buildings in their efficient use of resources have the potential to make

significant cost savings as the price of energy increases and investment in altemative

forms of energy offset the demand for ever-more redundant finite fossil fuel-based

systems. A change from air-conditioning to naturally ventilated space results in significant

operating savings to the value of about £100 -150/m2 of gross floor area (yates 2001).
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Energy efficiency is now a significant market driver with the introduction of mandatory

Energy Performance Certificates (EPCs) Display Energy Certificates DECs) improved

Building Regulations (Part L) and the Carbon Reduction Commitment (CRC) for large

public and private sector organisations which are responsible for around 10% of the UKs

carbon emissions (DECC 2012a). With the introduction of the Climate Change Levy,

building occupiers have been given a strong incentive to operate their buildings more

efficiently. The levy can increase energy bills by about 10 Per cent, leading major property

owners to consider carefully the options for reducing consumption of energy.

The provision of sustainable and healthier indoor environments have positive cost

implications through the well-being of staff, resulting in higher retention rates, less illness,

absenteeism and increased productivity.

Leaman and Bordass (1998) in their extensive workplace studies show that there is a

strong and significant relationship between perceived comfort and perceived productivity.

Workplace ecology connects the occupier with their environment through psychological

(perceptual) responses and physiological (biological) responses. A detailed workplace

study, the Gensler Office Survey by Clements-Croome (2010) applied these two factors to

top-performing companies, applying the Work Productivity Index (WPI). Under the four

variables of focus, collaboration, learning and socialising the top-performing companies

did a better job of supporting their employees' work modes by 12 percent more than

average-performing companies.

The survey found that office workers claimed an improved workplace would increase

employee productivity by 19 per cent; equivalent to a £135 billion annual increase in the

UK's service sector output 79 percent of office workers consider quality of working

environment very important to job satisfaction and over a third stated that the working

environment is a factor in accepting or rejecting a job offer; 58 per cent believe their office

has not been designed to help them do their job.

The survey concluded that office workers want a better working environment and

identified personal space (39%), climate control (24%) and daylight (21%) as crucial

factors for a good working environment.

In a separate study by Romm (1999) of five companies it was found that investment in

daylight design improved productivity by between 5 and 14 per cent leading to energy

savings of between 22 and 64% by offsetting the need for artificial lighting with typical

payback periods of between one and three years saving one company $300,000 per
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annum. Personal climate control was shown to have increased worker productivity by 7

per cent and reduced energy demand by 40 per cent.

Leaman and Bordass (1998) recognise that it is difficult to link human productivity to

space conditions but questionnaire data from their extensive Post-Occupancy Review of

Building Engineering (PROBE) studies show that losses or gains of up to 15 per cent of

turnover in a typical office organisation might be attributable to the design, management

and use of the indoor environment and their data shows that characteristics which

improve perceptions of individual welfare contribute to better energy efficiency. They also

highlight that the majority of occupied buildings do not exhibit self-reinforcing qualities

(lack of user control) and many are unmanageably complex.

Leaman and Bordass state "the perversity of human behaviour means that building

occupants can report that their environment is unacceptable despite it falling within

industry-standard comfort guidelines" (Leaman and Bordass 1998, p.19). From results

based on the PROBE studies the four key variables that have a critical influence on the

behaviour of a building as a system have been highlighted as; personal control,

responsiveness, building depth and work groups. The PROBE studies are discussed in

greater depth in chapter 4.

Peoples' perception of control over their environment affects their comfort and satisfaction

and people are more tolerant of conditions as the perception of personal control -

windows, switches and blinds etc - increases. Even being able to make small changes to

their immediate environment, occupants can make the difference between intolerable

conditions to tolerable ones without management intervention.

Buildings which have been found to work well and achieve high user satisfaction scores

have the capability to meet peoples' needs very rapidly. This can be through personal

control or facilities management response to complaints and can go beyond the common

parameters of temperature, lighting and ventilation control to the ability to reconfigure

spaces. Poor office layouts have been estimated to lead to a decrease in productivity of

10 to 20 per cent (yates 2003).

Post-occupancy research by Leaman and Bordass (1998) suggests that overall

satisfaction and productivity will decrease with increasing depth of the building. Buildings

become disproportionately more complicated as they get bigger and deeper. Deep forms

tend to use artificial lighting and air conditioning more and impact on spatial and

behavioural group dynamics with higher staff numbers and higher dependence on

technology and management whereas shallower plan forms tend to cost more and are
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less space efficient but lend themselves to cheaper, more domestic envelope

construction, cheaper services and lower management costs. It was found that a depth of

12 metres across the building is optimal for human performance variables.

Leaman and Bordass (1998) also found that air conditioned buildings produce poorer

perceived productivity scores than naturally ventilated buildings. It was found that

occupants tend to prefer natural ventilation as the default state for winter, spring and

autumn, and air conditioning during hot and humid summers. Clearly, as summer

temperatures are predicted to rise due to climate change the need for cooling becomes an

issue, which can be solved through passive ventilation strategies rather than relying on

energy-intensive air-conditioning systems. There is also strong evidence that air-

conditioning systems are less healthy for occupants as within their mechanisms they can

harbour pathogens and they do not always circulate the required amounts of fresh air.

The research also showed that generally, perceptions of productivity are higher in smaller

and more integrated work groups and there is a preference for cellular offices for

individuals or small work groups which have greater perceived user control for

temperature, lighting and ventilation - perceived control declining with work groups bigger

than five people.

To summarise this section, there is a learning curve associated with designing,

constructing and operating sustainable buildings. For both public and private owners and

developers of green buildings, subsequent green buildings generally cost less than the

first. The trend of declining costs associated with increased experience of sustainable

construction is evidenced by significant research findings in a report by the U.S. Green

Building Council of 30 sustainable buildings (Kats 2006). Three reported LEED Silver

buildings in one district incurred cost premiums of 2 %, 1 % and 0% respectively whilst in

another area saw the cost premium of LEED Silver buildings drop from 3-4% to 1-2%.

The same report found that the financial benefits of greening buildings are more than 20

times as high as the cost of going green. The report concluded that:

...the analysis of costs and benefits of sustainable buildings and use of
conservative and prudent financial assumptions provides a clear and compelling
case that choosing to design sustainable buildings is extremely cost-effective, and
represents a fiscally far better design choice. Building green is more fiscally
prudent and lower risk than continuing to build unhealthy, inefficient buildings.
(Kats 2006, p.11)
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2.7 Technological perspectives
From the beginnings of the evolution of the human species people have used their natural

and innate ingenuity to innovate and use materials and new techniques to provide shelter

and adapt to their surroundings, from applying mud to a lattice of sticks, wrapping an

animal skin around a wooden frame or shaping blocks of ice, stacked so as to form a

dome. These were highly natural structures that, by modern definitions, would qualify as

highly sustainable.

Technology has evolved and adapted over time but with essentially the same fundamental

techniques and materials until the modern era when highly processed materials and

increasingly sophisticated practices were applied to buildings, typified by the development

of steel, concrete and glass skyscrapers requiring energy-intensive technologies such as

air-conditioning. Openable windows at such heights were not feasible due to the extreme

air currents induced by the stack-effect with secondary health effects on occupants due to

poor indoor air quality.

These technologies pushed the boundaries of design beyond the human-scale and in

hindsight exhibited high levels of unintended un-sustainable characteristics; the over-

reliance on air-conditioning, lack of natural day lighting, non-breathable materials, over-

heating, high levels of heat loss, excessive solar gain, use of monolithic, non-recyclable

high embodied energy materials, particularly plastics, limited adaptability and lack of

biodiversity, resulting in what is now commonly known as sick building syndrome, a

recognised medical condition. The buildings often required high levels of costly unplanned

and responsive maintenance and repair.

They were often built with the best intentions in the name of progress and innovation but

in mainstream circumstances the adoption of the technology was driven by low cost and

low quality industrialised methods of design and production, as illustrated by the tenement

blocks of the mid- late zo" century.

The impact on the behaviour and practices of architects, engineers and constructors was

to develop more mechanistic and technical solutions to accommodate growing urban

populations and the requirement of specialist operators to control the indoor

environments, removing user responsibility to operate their own conditions, according to

their perceived physiological and psychological needs within relatively narrow parameters.

The impact of this along with the scale of the developments had a de-humanising effect

and at the very least provided a setting for anti-social behaviour and at worst created it.
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The 'New Modemist' movement claimed that tall or dense buildings were more

sustainable and carbon beneficial than traditional low-rise construction. However,

ecological architects and climate change experts have begun to brand glazed skyscrapers

as 'profligate dinosaurs'. Alan Short, Cambridge Professor of Architecture argues that in

the future buildings that use large amounts of energy, and big glass office buildings, will

be pariah buildings and that people won't want to rent them (Short 2010). Therefore,

there is a growing re-assertion of a more common-sense movement, identifying

sustainability with modest architectural scale, as also happened in the reaction against

system-built high towers.

These issues are now generally understood and the adoption of more human-centred

sustainable technologies is becoming increasingly commonplace, recognised by the

mainstream construction industry bodies such as RIBA, RICS and BRE evidenced by a

myriad of publications on the over-arching topic of sustainability. Sustainability now

impacts upon every aspect of the building process and with the increasing demand for

sustainable buildings, technical solutions are inevitably sought to reduce the

environmental impact of the built environment.

A lot is now being made of 'smart' or 'intelligent' technologies. According to Dexter:

The term 'intelligent building' is used to designate one that can adapt its mode of
operation to the needs of occupants and the current operating conditions, and also
leam how to optimise its performance. Such a building would also be able to
detect and compensate for the presence of faults, thereby ensuring the
maintenance of desired comfort conditions in all circumstances, while minimising
energy consumption, environmental pollution and maintenance costs at all times.
(Dexter 1996, p.6)

Smart materials are seen as materials that can respond to the environment and provide

some form of feedback or control on the environment such as smart windows with

optically switchable electro-chromic glazing or smart walls with a variable U-value. This is

achieved by incorporating microencapsulated phase change materials (PCMs). The PCMs

store large amounts of heat energy when the ambient temperature rises and release it

when the temperature drops, it is claimed improving comfort and reducing the energy

demand of the building (Building4Change 2012d).

Technological innovations can undoubtedly increase resource efficiency to reduce the

environmental impact of building design, construction and use, particularly through

advances in computer technology, such as computer aided design (CAD), building

information modelling (BIM) and building energy management systems (BEMS)

Sustainable innovations implicitly affect the performance of the building and arguably
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impact on the design, construction and management teams if utilising new and innovative

technologies, methods and materials. However, they don't necessarily encourage or

facilitate the pro-environmental behaviour of the building operator or user in the absence

of education and awareness.

Traditionally, buildings have always required users and operators to interact with the

systems designed into a building to control a number of variables to achieve satisfaction

with the indoor environment.

'Intelligent' or 'smart' buildings use technology that automatically respond to changes in

occupation levels, temperature, lighting etc but go only part way in providing sustainable

built environments and it can be argued that that they detract from our ability to

understand, interact and engage with our built environments and limit, discourage or even

undermine opportunities to change ecological attitudes and sustainable behaviours

because of these desiqn interventions. Smart buildings are not necessarily synonymous

with sustainable buildings and indeed sustainable behaviour.

According to Cole "technological innovation has led to a shifting of design responsibility in

comfort provision from architects to mechanical engineering consultants and control

responsibility from occupants to technology" (Cole 2009, p.10).

Clearly, building automation can result in substantial energy savings and the use of the

latest control systems have found to reduce energy consumption by 50% (Harper 2012)

albeit under highly controlled behavioural conditions that may not always result in high

user satisfaction or comfort levels.

In terms of encouraging pro-environmental behavioural change an analogy can be drawn

with another environmental concern, littering. Street cleaners pick up litter because many

people feel it is acceptable to litter, knowing it will be picked up, rather than engaging in

the pro-environmental behaviour of not littering. The result is the same, cleaner streets,

but in the former example behaviour has not changed. As with buildings, if people don't

feel responsible or are disempowered or disconnected from their indoor environment

because the building automatically responds to their needs their behaviour will not change

and this will result in unsustainable behaviours being adopted in other, less 'smart' or

'intelligent buildings.'

It is reasonable to assume that decisions to invest in sustainable technologies are based

on good financial returns. Evidence from Owen (2011) suggests that people fail to take
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action with very short payback periods, such as insulation, whereas there can be a

sudden rush to install a technology that has a long payback period, perhaps because it is

a visible statement of sustainability or the technology is promoted well, such as the supply

and installation of micro wind turbines that proved to underperform, particularly in urban

environments. Expected outcomes are hard to envisage. Installing insulation where the

occupiers cannot afford their heating bills can increase the energy used. Heating bills are

reduced so, understandably the thermostat is often tumed up and the benefit is taken in

warmth rather than reduced cost. This is known as the 'rebound effect' first described by

William Stanley Jevons. He states that "it is a confusion of ideas to suppose that the

economical use of fuel is equivalent to diminished consumption. The very contrary is the

truth." (Jevons 1865, p.3) Another example of this 'effect' is the installation of reduced

water flow shower heads that may well be run for longer because of perceived savings but

water consumption and costs may actually increase as a result of this sustainable

intervention.

In a paper by the Technology Strategy Board (TSB/ESRC 2008) it was reported that

occupants behave in more complex ways than designers account for by opening windows,

leaving doors open, generating body heat, keeping tropical fish tanks and installing

plasma T.V. screens and Bell (2005) suggests that architects need to develop their

professional expertise to improve buildings and seek ways of integrating user involvement

in building performance.

Building energy management systems (BEMS) are a form of intelligent technology

incorporated into buildings. The modem BEMS is a powerful distributed microcomputer

system consisting of networked outstations each with significant computational abilities.

The use of sophisticated graphical user interfaces is already commonplace. More

recently, techniques which mimic human intelligence have been applied to various

aspects of building systems control. These have been termed 'sentient buildings' and as

well as responding to physiological feedback they can also respond to psychological

stimuli such as emotions and moods of occupants. Another technological advance at a

relatively immature stage of development is the use of smart phones and digital

technology to remotely control a building's operational systems with the potential for cost

and carbon savings.

Findings from the case study analyses, reported in Chapters 5, 6 and 7 and discussed in

Chapter 8, suggest that existing BEMS are often operated at suboptimal levels because of

lack of sufficient product development, inadequate system design and poor installation or

most commonly because building managers do not know how to use them, that the
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technology is not trusted because of past failures and as a result of unintended and

unanticipated behaviours of occupants. At optimal operating levels BEMS systems have

the potential to encourage sustainable behaviour by allowing the operator to monitor,

target and analyse building performance and to feedback energy saving to the

organisation and individuals. BEMS can also be used as a teaching and leaming resource

for occupants raising awareness of the environmental parameters of the building and their

influence on environmental performance. This could be part of an initial induction at the

commencement of occupation.

Integrating ever-increasing levels of artificial intelligence into buildings claim to lower their

environmental impact in a passive way, but the long-term functionality and adaptability of

these systems is relatively untested and adds a level of complexity and sophistication that

may not be required if the original design concept uses more traditional and proven

technologies. All sustainable buildings require good design, based on sound architectural

principles incorporating basic features such as appropriate solar access, insulation and

appropriate choice of materials. Arguably, all buildings would have to display the same

level of intelligence for users to understand their operation, as transferring from an

automated system to a manual one would inevitably cause confusion and the undermining

of one or even both of the systems. Leaman and Bordass (1998) suggest that designers

are 'seduced' by the promise of technology, rather than by its delivered performance and

tend to assign more functions to automatic control than are usually warranted. Knowingly

or not, they also make the interfaces obscure.

There is a danger of an over-reliance from the rapid adoption of relatively untested

technologies, a 'blind-faith' in the ability of science and technology to solve human

problems. This is evidenced in other sectors of society such as the recent failure of

computerised banking systems, wholesale failure of mobile phone networks and

unconsidered social impacts such as the role that social networking played in the rapid

spread of the 2011 riots in the UK. There are also unanswered questions about the effects

of electromagnetic radiation from increasing wireless networks on the health of users and

the wider population.

Cohen et a/ states that

notwithstanding all the implications of supposedly advanced automation, our
experience is that the best intelligence in most buildings lies in the occupants
themselves... the challenge for designers and manufacturers is then to support
them with appropriate and understandable systems with readily-usable control
interfaces, which give relevant and immediate feedback on (building) performance.
(Cohen et a/1999, p.57)
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In other words, buildings are not inherently intelligent but can support intelligent patterns

of behaviour. In classic management speak, 'if it cannot be seen it cannot be managed.'

Bell (2005) asserts that changing behaviour is the only way to deliver real improvements

in sustainability, as users already have the choice of sustainable technology, but are not

taking it up as rapidly as other forms of technology. This is evidenced by the utilisation of

smart meters that go some way to raising our awareness of energy consumption, CO2

levels and energy costs and subsequent behaviour change, but a recent study has shown

that our awareness of these technologies is low and there is a degree of scepticism about

their adoption and that they are effective for a short period of time and then ignored.

(DECC 2012b).

The application of behavioural psychology to pro-environmental behaviour in buildings

asserts that technology can encourage sustainable behaviour through feedback,

interventions, information provision and education but also that human behaviour is often

counter-intuitive, irrational and unpredictable when faced with purely technical solutions.

Janda (2011) suggests that social expectations and consumption patterns of building

users can defeat the most careful and intelligent design. Kroner (1997) recognises that

technology should add value to a building, and this cannot be achieved by adding even

the best technology to a poorly designed, constructed, operated and used building.

Therefore, 'intelligent' and 'smart' solutions based on the predictability of behaviour may

operate sub-optimally.

2.8 Chapter summary
The global challenge for the built environment sector in an increasingly globalised and

homogenous world is for built environment professionals to play a key role in helping to

manage climate change. The aim should be to reduce the consumption of energy and

prepare structures for much altered future climates. Architects, engineers and building

managers are active players in shaping the future through the design and operational

choices they make. It is ethically indefensible for them to ignore the challenge of global

warming.

Economic barriers can stifle the opportunity to develop new practices and technologies

and limit the freedom to choose energy adaptation or innovative green technologies for

short-term economic reasons. However, the global economic downturn does provide
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individuals, organisations, institutions and nations the opportunity to take stock of

altemative visions of the future.

As well as global, national and regional environmental benefits to a more sustainable built

environment, there are social advantages in terms of healthier buildings reducing the risk

of sick building syndrome, increasing health and well-being and optimising the productivity

of occupants plus economic benefits by investing now in a more sustainable future to

offset the much greater costs of dealing with the potentially catastrophic effects of a

warming planet in the future.

Incorporating ever more complex and sophisticated technological features can

undoubtedly encourage sustainable behaviour but the over-reliance on scientific and

technological solutions can suppress user behaviour by undermining interaction with their

own built and the wider environment.

Having made the general case for the economic, social and environmental need for a

sustainable built environment on a global and national level, the following chapter focuses

on specific barriers, drivers and opportunities for the widespread and mainstream

adoption of sustainable construction strategies from a psychological perspective based on

theoretical principles and practical applications.

The following chapter also investigates how buildings and pedagogy relate to each other,

with opportunities for transformational educational change, considering buildings as

teaching and leaming resources - buildings as pedagogy.
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Chapter 3: Linking Human Behaviour, Sustainability
and Buildings
3.1 Introduction

This chapter examines the dynamic and complex systems and processes by which

environmentally responsible action emerges from the interaction and inter-relationship of

people (as individuals, organisations and institutions) and the built environment. How

synthesis through collaboration between educationalists, designers, developers, operators

and users can themselves change their ecological attitudes and behaviours whilst

optimising and encouraging the pro-environmental behaviours of others through the built

environment.

The chapter begins by establishing a definition of sustainable behaviour, how various

theoretical principles relate to encouraging behavioural change in general, including non-

environmental change practices and sustainable product design, and then proceeds to

focus on buildings as agents for encouraging sustainable behavioural change through the

application of psychological and pedagogical initiatives. The chapter concludes by

presenting research findings to highlight barriers and drivers from a psychological

perspective that impact on sustainable behaviour in the built environment in the context of

individual, organisational and institutional practices.

By investigating relatable theoretical principles in the field of behavioural psychology and

applying these to the provision of buildings that encourage sustainable behaviour through

their design, construction, operation and use, it is hoped that a greater understanding will

emerge of how the gap between intended and actual sustainable actions or behaviours

can be narrowed.

The theoretical principles investigated include behavioural change theory, environment-

behaviour (E-B) theory, environmental psychology, 'nudge' theory and actor-network

theory. Looking at applied research which redefines policy and industry problems from a

social practice perspective identifies new avenues for social and environmental change.

This helps explore the role of new and re-visioned technologies and materials in mediating

and jointly shaping everyday practice, drawing on behavioural change theory to inform the

design of built environments.

Lee (2007) recognises sustainability as a growing area of research in the field of

environmental psychology. Winter & Koger (2004) focus on the relationship between

psychology and sustainability reviewing various theoretical frameworks they identify as
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contributing to our understanding of sustainability; namely i) Freudian/psychoanalytical,

where defence mechanisms and environmental problems are linked to a changing sense

of selves in relation to nature ii) Social, where attitudes and behaviours are influenced by

norms of appropriate behaviour and how we are influenced by our reference groups iii)

Behavioural, where behaviour and environment have a reciprocal relationship and

research shows that behavioural change will occur where it is easy or convenient to do so

iv) Cognitive, where inappropriate or unsustainable behaviour can arise from distorted or

missing information about the consequences of our actions v) Holistic (Gestalt & Eec

psychology) where conscious efforts are made to modify lifestyles in order to reduce

environmental impact because of a sense of an intimate relationship with others and the

ecosystem.

We often hold certain values about what our behaviours should be, that in reality do not

result in action, known as the 'value-action gap' or 'intention-behaviour' gap. This is

particularly true with behaviour related to sustainability which is often seen as unattainable

in our working practices and everyday lifestyles, falling outside our economic and SOCial

norms. By applying behavioural science theory to the desiqn, construction, operation and

use of buildings it is hoped to understand how buildings can influence human behaviour to

be more sustainable.

Shifting the emphasis from the individual and their own consumption to people as social

beings acting as members of the wider society, we are able to better account for the roles

of technologies, systems of resource provision, organisational issues and institutional

rules and regulations.

The chapter illustrates how the value-action gap can be closed by studying these

theoretical principles. These findings are then applied to real life examples through case

study analysis involving interviews, observation and questionnaires aimed at the

development of exemplar sustainable buildings used for sustainable educational purposes

presented in Chapters 6 and 7.

Research findings highlight how best practice can be achieved and adopted as the future

norm. This can be applied throughout the design, construction, use and operation of

buildings by enabling stakeholders throughout the entire lifecycle of the building to make

sustainable choices the standard and preferred method, by encouraging economic, social

and environmental sustainable thinking as the default mind-set.
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3.2 Behavioural change

3.2.1 Defining sustainable behaviour
Environmental behaviour has been defined as "behaviour that changes the availability of

materials or energy from the environment or alters the structure and dynamics of

ecosystems or the biosphere" (Stem 1997, p.12). Sustainable behaviour is used as a term

to describe behaviour that has a positive influence on the local, national and global

ecosystems or biosphere.

A broad definition of sustainable behaviour is:

behaviour that results in the satisfaction of our needs today without diminishing the
prospects of future generations to do the same
(Brundtland 1987 pAD).

Pro-environmental behaviour is a more specific term as it focuses on purely environmental

outcomes of behaviour which may not necessarily result in economic or social benefits.

This can be refined by applying the triple bottom line concept of sustainable development

resulting in the definition of sustainable behaviour for the purposes of this study as being

the behaviour of individuals, organizations and institutions that achieve positive economic,

social and environmental outcomes.

Sustainable behavioural change is defined as:

A product of transforming socially and materially shared practices such as heating
or cooling a building. Understanding how these practices are established as
normal ways of living, working or playing, how and why they are changing and
what opportunities exist for attempting to reorient them in more sustainable
directions.
(Beyond Behaviour Change, 2008 p.2)

3.2.2 Lessons from non-environmental behaviour change
Some of the greatest advances in the application of behavioural change theory have been

made in areas seemingly unrelated to pro-environmental behaviour and wider

environmental issues related to the built environment, such as public health campaigns.

Abroms and Maibach suggest that it is important to apply lessons from public health

campaigns to climate change, stating "the public health community has much to offer.

Most notably this community has both breadth and depth of experience in understanding

and responding to population behaviour challenges" (Abroms and Maibach 2008, p.220).

The 'information deficit' models of public communication, that assumes people simply

need more information to behave sustainably, have long been supplanted by a focus on
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'ecological models'. which concentrate on two key determinants of behaviour: people and

places. Comer states that "everybody knows that people are important in behaviour

change campaigns. But place factors are important too. This means influencing the

decisions and behaviour of the people who control the attributes of place, such as the

availability of services or products. These are the barriers that must be removed before

people can implement their pro-environmental intentions" Comer 2010, p.2).

Research shows that people are reluctant to feel vulnerable to health risks (this is only

likely to be exaggerated in perceived vulnerability to the effects of environmental problems

e.g. climate change) such that exacerbating the 'fear factor' is of little use - what matters

is whether people fear they are personally at risk (Das et al 2003). People must receive

solutions that will directly address this risk for interventions to be effective. Another crucial

factor is perceived control. Any information or prompts must ensure that they perceive

themselves as capable of changing - otherwise helplessness will ensue.

Abrams and Maibach conclude that:

Multiple, overlapping campaigns that target both people and place based drivers of
behaviour, including public policy. when sustained over longer periods of time,
have the potential to multiply minimal effects into broad based shifts in societal
beliefs, norms and practices.
(Abroms and Maibach 2008, p.234)

The main lessons to be drawn from public health campaigns are that efforts must be co-

ordinated across individual, social and structural behaviours (Lorenzoni et al 2007). It is

clear then that valuable lessons can be learned for the construction industry from public

health campaigns focussed on behaviour change. Parallels can be drawn in that it focuses

on people and places and the need for a shift in social norms and practices through a

combination of legislation, enforcement, education, individual, organisational and

institutional structural change.

3.2.3 Lessons from sustainable product design
In a recent lecture Bhamra (2009) described design for sustainable behaviour as

"exploring how design (in the broadest sense) can influence user behaviour to reduce the

social and environmental impacts of products during use." This is supported by research

presented in a paper by Bhamra et al (2011) undertaken at Loughborough University

Design School investigating the application of Design for Sustainable Behaviour (DfSB) in

two product case studies.

Strong comparisons can be drawn between sustainable product design and sustainable

architectural design, buildings in essence being a product, and valuable lessons can be
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leamed from how the field of sustainable product design has tackled the issue of how to

encourage greater sustainable behaviour. Traditionally, both have strongly focussed on

the supply side; how can environmental impacts be lowered through design-for-

disassembly, recyclability, use of sustainable materials and dematerialisation 0Never et a/

2008).

In Design for Sustainable Change (Chick and Micklethwaite 2011) it is asserted that

Designing for Sustainability (DfS) is not just about the design of products and services, it

is also about how we use those products and services and our pattems of behaviour.

Various approaches to DfS are offered such as making sustainable actions easy, making

people aware of their current unsustainable behaviour and presenting them with an

incentive to change and, rather than own products that we require infrequently, we use

them through shared ownership.

User-centred sustainable design solutions look at how users interact with a product which

can strongly influence the environmental impact of that product, the demand side or

human side of product design. Product designers, just as architects, can try to influence

this behaviour through the products or buildings they design, such as incorporating 'eco-

feedback' such as energy monitors, 'SCripting'by guiding the behaviour of the user so that

unsustainable behaviour is made difficult or impossible, while sustainable behaviour is

made easier and 'automation' of certain functions which by-pass the user.

For many products, as for buildings, it is increasingly acknowledged that the major part of

the environmental impact is caused during the operation and use phase, in particu lar

through energy consumption, as shown from various studies by Brezet and Van Hemel

. (1997); Stevels and Griese (2004) and Abele et al (2005).

Akin to architectural design, product design has a strong tradition in the technical

disciplines but research that addresses the human side of design, and how this can

contribute to sustainable behaviour, is very limited. Wever et a/ (2008) cite one likely

reason to be the customary lack of cross-fertilisation between the technical disciplines (the

'hard sciences), and human-focused social science based disciplines such as user-

centred design and interactive design (the 'soft sciences) Therefore, design strategies

that focus on user-centred energy efficiency and the sustainable use of products and

buildings are likely to be more effective when they complement technological solutions.

In their most simplistic form, buildings may be viewed as a single product made from an

amalgamation of materials, technologies, products and systems that are utilised by
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architects, engineers, constructors, operators and users. By applying user-centred,

demand side principles to buildings, allied to supply side strategies, a more holistic

approach is envisaged that can encourage greater sustainable behaviour throughout the

design, construction, operation and use phases of a buildings lifecycle.

Bhamra describes a number of design interventions and strategies covering three levels

of intervention; i) guiding change, ii).facilitating or maintaining change and iii) ensuring

change. The following list shows the identified seven design interventions that can be

adopted to encourage sustainable behaviour:

• Eco-information

• Eco-choice

• Eco-feedback

• Eco-spur

• Eco-steer

• Eco-technology

• Intelligent design

(Bhamra 2009)

'Eco-information' refers to design-oriented education that enables the visualisation and

experiencing of resource use in order to make that resource use visible, understandable

and accessible to inspire consumers' to reflect on their resource use behaviour (see

Figure 3.1).

Figure 3.1 Power aware cord - seeing personal energy consumption
Source: Bhamra (2009)

'Eco-choice' refers to our ability to select products, materials and technologies based on

their environmental impacts. 'Eco-feedback' offers links to environmentally responsible

action to inform users clearly what they are doing and to facilitate users to undertake
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environmentally friendly behaviour through offering real-time feedbacks providing tangible

aural, visual, or tactile signs as reminders to inform the situation enabling the user to act.

Figure 3.2 displays real-time and historical data for household CO2 emissions, kWh used

and costs related to electricity use.

Figure 3.2 Energy monitor Source: www.theowl.com

This helps homeowners to understand the connections between their lifestyle choices and

the energy use that results. They can then begin to see their monthly energy bills as

something they can manage rather than merely accept.

The Department for Energy and Climate Change (DECC 2012b) commissioned research

to measure the public's views on smart meters in order to establish consumer awareness,

understanding of and attitudes towards domestic smart meters. Half of energy bill-payers

living in Great Britain had heard of smart meters (49%), with one in twenty claiming that

they have one installed (5%). A third (32%) expressed support for the installation of smart

meters in every home in the country, while one in five (20%) were opposed. Almost half

(48%) of all respondents were undecided about smart meters. Support for smart meters

were both highly correlated to age and size of household; with younger and larger

households expressing greater support and interest.

The perceived benefits of having a smart meter installed included being able to better

manage household finances (33%), to help avoid waste (26%) and produce a greater

accuracy of billing (19%). Perceived disadvantages included cost (either to themselves,

the taxpayer, the govemment or the energy companies) (19%) and data security (10%).
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It was found that customers tend to passively receive smart meters rather than actively

request them. Smart meter customers who refer to their display were generally positive

about its impact on their electricity use and household finances. Almost six in ten (57%)

bill-payers agreed that they felt more in control of their energy bills. In addition, almost

seven in ten believed that the smart meter would help them reduce the amount of money

they spend on electricity, and the amount of electricity they use in the household (69%

each).

However, the DECC research showed not everyone who received a smart meter uses

them; 44% of customers had either never looked at it (22%) or not installed it (22%). Only

three in ten (31%) bill-payers expressed an information need around smart meters. This

was higher among certain groups such as the middle-aged (40% for those aged 35-44),

larger households (38% for households with 5 or more people) and those who do not

speak English as their first language (38%). The most common information needs include

functionality, costs and benefits. There is growing evidence that having a smart meter

alone is not sufficiently habit forming for some people and therefore would not result in

significant behavioural change as highlight by a recent Technology Strategy Board report

(TSB 2010).

Another study by van Dam et a/ (2010) on the impact of home energy monitors explores

the extent to which participants manage to sustain their initial electricity savings over time,

with a particular focus on the development of energy-saving behaviour. The results

showed that the initial savings in electricity consumption of 7.8 per cent after 4 months

could not be sustained in the medium to long-term. A second finding was that certain

groups of people seem more receptive to energy-saving interventions than others.

The household that saved the most (a family of three) saved 42.6% of electricity during

the pilot and 30.4% during the follow up. By contrast, the worst performer (a fam iJyof two)

used 33.6% more electricity during the initial trial and 40.6% more during the follow-up.

The reasons for these extremes were quite straightforward. The 'high spender' (initial

electricity consumption of 3985 kWh/year) had just purchased an air conditioner, whereas

the 'top saver' (initial electricity consumption of 2673 kVVh/year)followed a strict regime:

writing down the electricity meter data twice a day, recording how often the washing

machine and dishwasher were used, replacing all incandescent bulbs, limiting the use of

the tumble dryer to the bare necessity, decreasing the use of the dishwasher, and placing

a timer on the pump of the garden pond. He made an extra note that he was 'very proud'

of his achieved savings.
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'Eco-spur' or 'Ecc-steer' interventions and strategies encourage and facilitate the user to

adopt resource efficient habits through the prescriptions and/or constraints of use

embedded in the product or building design, making it easier for the user to adopt

sustainable behaviour or reform their existing bad habits to a more sustainable lifestyle

pattern. 'Eco-technology' and 'intelligent design' ensures behavioural change can take

place by providing the tools, hardware or systems to enable that transformation to take

place.

Suppliers of energy-efficient and green building products must be ready, willing or coerced

into educating their consumers in the reasons for adoption. This is an added challenge

beyond traditional marketing efforts (Ottman 2004). Green consumers read labels, desire

information and want control in their personal environments. For example, rather than

remove the energy rating label from its appliances when they found that consumers

equated lower energy with lower performance, a manufacturer chose to work with

retailers and with consumers to address misconceptions about the efficacy of energy-

efficient appliances and to educate people about their benefits, including the average 5-

year payback period.

3.3 Psychology, buildings and sustainable behaviour

3.3.1 Environment and behaviour

Experiments by environmental psychologists, particularly expounded through Gestalt

theory, a branch of psychology that emphasises personal responsibility and focuses upon

the environmental and social contexts of a persons' life, the self-regulating adjustments

people make as a result of their overall situation and their innate ecological wisdom, have

shown that our environment is a determinant or influence on our behaviour (Kohler 1970

and Lewin 1951) and that behaviour and our environment mutually affect each other. For

instance, the availability and price of energy sources determines consumption patterns

whilst energy efficient behaviour determines the amount of pollution that will occur.

Steg & Gifford state that:

Behaviour always occurs in the context of a physical environment (which) is
crucially important to our thoughts, feelings, performance, behaviour and weIT-
being and human activities also have an impact on the environment, through our
behaviour, in terms of energy, water, vehicle and land use. To promote pro-
environmental behaviour we need to know which factors influence various types of
environmental behaviour, and to develop and evaluate policies that successfully
promote pro- environmental behaviour.
(Steg & Gifford 2008, p.192)
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Therefore, it may reasonably be argued that sustainable building design can influence

people and their behaviour whilst equally, that the way people behave affects the

sustainable performance of the building.

In terms of environment-behaviour theory, Zeisel (1984) describes 'environment' as

physical, administrative and social attributes of settings in which people live, work and

play and 'behaviour' as things people do including thinking, feeling and seeing as well as

talking with others and moving around.

Lewin's (1947) model of behavioural change considers three phases. First, in order for

change to occur and last over time, an explicit unfreezing process needs to take place,

preparing people for change by challenging the barriers that inhibit change. The second

consists of the change itself whereby the individual, unfrozen from past behaviours, is

willing to consider altematives. The resisting forces are likely to remain, and the individual

is likely to continually reassess the desirability of change. Even after change takes place,

it is still possible for the individual, organisation or institution to revert back to past

unsustainable practices. Old practices still exist and can easily be adopted. New

procedures are unknown, so they must be reinforced and refrozen. Under this model

people, organisations and institutions are likely to be more susceptible to behavioural

change and the adoption of sustainable building practices.

3.3.2 Mind the gap
The gap between our attitude toward urgent environmental and social issues and our

actions or behaviours in tackling them can be applied to the design, construction,

operation and use of buildings. Gaps have been identified, most notably by Leaman and

Bordass (2001), that exist between designed and as-built performance, known as the

'credibility gap' due to problems of communication between stakeholders, lack of

integrated design practices between professionals, operational difficulties and

unconsidered or unintended behaviours of building users.

Even the best efforts to develop an effective sustainable building will be undermined if, in

its design, construction, operation and use, sustainable practices and technologies are not

understood or made explicit at each phase. These schisms are known as the 'value-

action' or 'intention-behaviour' gap by behavioural psychologists.

Paul Maiteny, an integrative and transpersonal psychotherapist, anthropologist

and ecologist attributes the reasons for these gaps to a highly complex set of human
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responses to environmental, social and economic problems based on fear, social norms,

social traps and other psycho-emotional blocks and barriers. Social, environmental and

economic problems are symptoms of human problems that result from individual and

collective behaviour and structures. These, in tum, emerge from particular cultural values,

beliefs, interests and priorities (Maiteny 2005).

Behaviour change is non-linear and non-rational and there is a disconnection between

attitudes and behaviour. One study by Pichert and Katsikopolous (2008) shows that

though people stated a preference for green electricity their actual selections were based

on the least effort by accepting the default offering. This recognises that people are

'boundedly rational', that they behave rationally within certain limits but their behaviour

becomes contradictory to their beliefs under certain circumstances.

Deeper psychological and emotional causes have been identified by Maiteny (2005) that

we need to engage with involving tapping into personal fears as a method in campaigning

and public education just as emotional triggers are key to mainstream commerce's and

politics' methods of convincing and seducing.

The need for society as a whole to change behaviour to a more sustainable way of being

is widely accepted as we increasingly acknowledge that resources are finite, pollution

levels must be controlled and the buming of fossil fuels impacts on the climate and global

warming, with negative environmental, social and economic implications from increased

risk of flooding, extreme weather events, biodiversity loss and ultimately the existence of

life on Earth.

3.3.3 The commons dilemma

The 'commons dilemma', first expounded by Hardin (1968), explains how individual needs

are pitted against those of the larger community, sacrificing individual advantages for

environmental gain, and is primarily focused on finite resource depletion and the

exploitation of scarce resources: If we want the 'commons' to survive each of us needs to

give up some of our freedoms.

The commons dilemma highlights the conflict between individual and collective interests.

Applying this in a built environment context the dilemma may be perceived as being

between the need for developers to exploit the limited natural capital, comprising of finite

resources used in the production of buildings that make up our towns and cities, versus

the need for society to develop in a more sustainable way.
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People do not need to be aware of the conflict and it is common that people do not

acknowledge or value the collective problems of their behaviours. In large scale commons

dilemmas, individual contributions to collective problems and their solutions are often seen

as futile. From currently available literature and case study research findings, property

developers, architectural practices and construction firms that practice sustainable

building methods tend to operate in a niche market, driven by significant social,
\

environmental, moral and ethical concerns in response to the relatively limited demand for

exemplary sustainable buildings and the majority of the mainstream built environment

professions continue to consider themselves ineffectual in influencing global

environmental problems.

Built environment professions comprising of individuals and organisations acting in an

unregulated market, given the choice, tend not to sacrifice the economic benefits of non-

sustainable behaviour. Pro-environmental behaviour is often associated with higher costs

in terms of requiring more time, money or effort to achieve. For example, many architects

view researching sustainable strategies as inconvenient when prescribed solutions are

available. Contractors often believe that sustainable materials are more expensive and

building managers believe sustainable and renewable operating systems are harder to

manage or do not perform as well as traditional, fossil fuel-based systems reverting to

organisational and institutional norms.

Lack of trust in others co-operation tempts individuals to act in their short-term self-

interest, this is why many builders still build to minimum standards whilst allowing others

to act more sustainably as they feel they would sacrifice their profit margins for no tangible

gain. Thus, in the short term, the rewards for not engaging in pro-environmental behaviour

are often greater than the rewards for engaging in it, no matter what others do. Individual

choices are seen as having little impact and unsustainable practices are therefore

perceived as excusable.

However, further evidence from literature review and the case studies, discussed in

forthcoming chapters, show that some mainstream contractors are adopting sustainable

practices because they see long-term advantages for their businesses as changes in

consumer demand and corporate social responsibility develop.

So why then do individuals and organisations choose to engage in pro-environmental

behaviour and not take the classical economic position of highest benefits (money, time,

effort) against lowest costs? This mechanistic homo economicus view of human beings

ignores the fact that people, organisations and institutions do tend to consider, at some
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level, what is the right thing to do, incorporating moral costs and benefits into decision

making. This is partly explained by the 'nann-activation model '(NAM) from social

psychology research.

3.3.4 Norm activation model (NAM)

According to NAM theory behaviour change occurs in response to moral obligations when

participants are aware of adverse environmental consequences of their actions and when

they believe they can reverse these consequences e.g. specifying sustainable materials,

technologies or using sustainable design strategies.

According to NAM it is more likely that sustainable choices are made when there is

awareness of environmental consequences of unsustainable choices and it is thought that

this will help reduce environmental problems. When both awareness and belief in positive

consequences are high there is a strong moral obligation. If both are low then it is Iikely

that unsustainable choices are made, resulting in unsustainable behaviour. NAM is more

successful in explaining environmental behaviour when it is associated with relatively low

behavioural costs in terms of money, time and effort. It has less explanatory power when

the behaviour in question is more costly in terms of time, money and effort. The

construction industry tends to fall in the latter category of this 'self-serving denial' because

short-term high yield profit and gains are key, and likely to be the main driver for the

development of the built environment as long as traditional social, economic and

environmental norms prevail.

According to Steg & Gifford (2008) there are four types of self-serving denial:

i) People may disregard, distort or minimise environmental problems e.g.

climate change denial or disputing the efficacy of renewable technologies.

ii) People can discount their liability for these problems believing their own

contribution is small or ineffective and viewing the environmental problem

as the result of collective rather than individual decisions and actions e.g. it

is the responsibility of authorities or the building industry to act sustainably.

iii) Denial of ability or competence to perform pro-environmentally e.g. lack of

training or guidance in sustainable construction techniques.

iv) Arguing that individual small scale sustainable actions would not be

effective in reducing environmental problems. This defence mechanism is

effective in the case of large scale environmental problems such as the

environmental impact of the built environment as a whole.

98



3.3.5 Habitual behaviour
Habitual behaviour assumes that people and organisations think rationally before they act.

However, in many situations often they do not. In the building industry behaviaural norms

and habits are historically strongly embedded and formed over many years of what is

traditionally perceived as successful practice. According to Aarts et a/ (1998) habits have

three important characteristics:

i) They are activated in the presence of a specific goal e.g. constructing a
building.

ii) The same course of action will be repeated when outcomes are
satisfactory e.g. the successful completion of a building. The more positive
the outcomes of the action and the stronger the association between the
goal and the action performed to reach that goal becomes, the greater the
habit strength e.g. building using the same design and construction
strategies.

iii) Habitual responses are mediated by cognitive processes. When people
(and organisations) frequently act in the same way in a particular situation,
the mental representation of that situation will be associated with the
representation of the particular goal-directed behaviour. The more
frequently a particular situation is associated with a particular behaviour,
the greater the strength and accessibility of that association, and the more
likely that an individual (or organisation) acts habitually, with the potential
for repeated unsustainable behaviour.

Habits are a particularly difficult challenge for behaviour change initiatives, because they

are largely automatic, but also triggered by the environment related closely to people and

places. Habits or behaviours in themselves are not bad: the very same factors that lock

unsustainable behaviours in (bad habits) will do the same for sustainable behaviour (good

habits). A combination of legislation, enforcement, education and structural change plays

a crucial role in this behaviour change process.

Verplanken & Wood (2006) cite programmes in Canada that provide information to new

residents about local products and services. Because this is during a period of 'habit

deconstruction' the programme is more likely to succeed. Targeting points at which habits

are likely to shift may be critical in maximising behaviour change initiatives. In terms of the

built environment this could be during formal education for architects, engineers and

tradesmen or during professional training, changing job or moving to a new officelfactory

building for occupants.

Steg and Gifford (2008 p.196) state that: "habitual behaviour is triggered by a cognitive

structure that is leamed, stored in and retrieved from memory when we perceive particular
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snmull." In the case of the built environment professions the stimuli is often the formal

education undergone and the organisational practices within which individuals operate.

Habits result in selective attention and a rapidly changing agenda can easily result in

people not paying attention to information that might alter their choices. In general, habits

are likely to be reconsidered only when the circumstances have changed significantly and

within the construction industry education, training and changes in legislation offer some

of the best opportunities for changes in personal and organisational habitual behaviour.

It may be concluded that when organisational and institutional habits are strong, reasoned

choices become more difficult or are made impossible, therefore some of the theories of

reasoned action discussed thus far are not wholly useful for explaining habitual behaviour.

The construction industry and the way we design, build, operate and use buildings are

habitually strong. Research by Ajzen (1985) and Verplanken et a/ (1998) shows that when

habits are strong, intentions are unrelated to behaviour.

However, existing habits may not always yield optimal outcomes particularly when the

circumstances of the situation have changed. The sustainable construction agenda is

rapidly changing, with a wide variety of drivers making sustainable and pro-environmental

options more feasible and often preferable in terms of time, effort, money and corporate

social responsibility.

3.4 Interventions and strategies for behaviour change

Behavioural interventions and strategies can modify environmental behaviour and can be

classified as either antecedent or consequent strategies.

Antecedent strategies target perceptions, cognitions, motivations and norms and include:

education, verbal and written prompts, modelling and demonstrations and behavioural

commitment procedures. This approach assumes that increased knowledge or positive

attitudes will result in the higher adoption of sustainable and pro-environmental behaviour.

Consequent strategies change the consequences that follow behaviour and include

penalties, rewards and feedback. According to Steg & Gifford (2008) behaviour analysts

consider consequences to be the primary determinant of voluntary behaviour.
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3.4.1 Antecedent interventions

3.4.1.1 Education
Education and training is important in preceding behavioural change (pre-construction)

providing a strong rationale for the desired change. This is why educational opportunities

in sustainability through lifelong learning, that is formal and informal educational

experiences to continuing professional development, are critical and relate strongly to

sustainable behaviour change in the built environment disciplines. Training is different

from education in that training usually involves a role-playing and feedback component.

The effectiveness of educational and training interventions can be enhanced by tailoring

the information to the target audience. Information delivered interpersonally is more

effective when it is done in small, rather than large, groups and when it actively involves

participants in relevant activities and demonstrations. Educational interventions are

discussed in section 3.6 of this chapter: 'Built environment and pedagogy' and for the

case study findings see Chapters 6 & 7 and further discussion and conclusions in

Chapters 8 and 9.

3.4.1.2 Signs and prompts
Signs and prompts can be incorporated into a building to remind us we have attitudes

which are favourable to pro-environmental behaviour. Prompts are cues that convey a

message. Research by Becker & Seligman (1978) has shown that their effect is relatively

small but statistically significant and need to be experienced by many people over a long

time frame.

Geller et a/ (1982) identified several conditions under which prompting strategies are most

effective. Specifically, prompts work best when (1) the target behaviour is clearly defined

by the prompt, (2) they are relatively easy to perform, (3) the prompt is located where the

target behaviour can be performed and (4) the message is stated using appropriate

language e.g. politely.

Prompts can adopt intelligent design to target desired behaviours (see Figure 3.3 below).
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Figure 3.3 The AWARE puzzle switch Source: Lockton (2010)

It is proposed in this thesis that an entire building can serve as a prompt throughout its

lifecycle and particularly at post-construction stage if it is designed to target sustainable

behavioural change of its occupants and visitors by making its operation and use as

visible, tangible and interactive as possible. This requires a design team that has an

understanding of behavioural change and pedagogical strategies or who collaboratively

work with experts in these fields as part of an integrated design team as discussed in

Chapter 4. They also need the drive and desire to produce buildings that are sustainable

throughout their design, construction, continuing operation and use. And, perhaps more

importantly, and conversely, that the majority of buildings that do not consider

sustainability throughout their lifecycles have an adverse effect on sustainable behaviour

reinforcing habitual unsustainable behaviours for designers, contractors, operators and

users of buildings.

3.4.1.3 Modelling and demonstrations

While prompts are appropriate for simple behaviours, modelling may be a more

appropriate approach when the desired behaviour(s) are complex, such as the production

of a building. Modelling involves demonstrating specific behaviours to a target audience.

Research by Winett et a/ (1985) suggests modelling may be more effective when the

models are presented with rewarding consequences immediately after the desired

behaviour is realised. Interactive scale models are a useful tool not only to help designers

envisage how features inter-relate but also to demonstrate how a particular feature of a

building works or how a whole building sustainable strategy operates, particularly when it
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invites interactivity and adopts experiential learning strategies. Figure 3.4 shows how a

model is used to make clear the combined environmental features of a building. Physical

models can also be used during occupation of the building to allow the users to visualise

the systems that are installed. Sophisticated computer modelling can provide virtual

representations of a building with explanatory, demonstrative and interactive qualities as

well as providing feedback on the environmental and economic performance of the

building.

Figure 3.4 Cut-away model of BRE Environmental building in relation to the actual
building (Fielden Clegg Architects)

3.4.1.4 Behavioural commitment

Behavioural commitment is in effect a formal undertaking to perform a targeted behaviour,

for example, to produce a sustainable building that enables occupants to behave

sustainably. Engaging with environmental assessment methods for buildings, such as

BREEAM, are in essence a behavioural commitment to achieve a building that has a

given level of performance according to a number of sustainable criteria. Commitment has

been shown to have prolonged effects by Geller (2001, 2002) and the adoption of

environmental assessment methods throughout the developed and developing world has

been a strong driver for the sustainable construction agenda and has undoubtedly

changed individual and organisational behaviours. As a commitment to build sustainably

is generally in the public domain individuals and organisations tend to ad in accordance

with their assurance because they want to avoid the disapproval by others of their

behaviour.

Behaviour analysts explain the tendency to follow through on commitments with the notion

of rule-governed behaviour. Individuals and organisations learn rules for behaviour and
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through experience learn that following the rule is associated with positive consequences

(reputational, financial, experiential) and breaking the rule is usually followed by negative

consequences. Social psychologists such as Cialdini (2001) attribute this tendency to

follow through on a behavioural commitment to the powerful social norm of consistency,

which creates pressure to be internally and externally consistent.

3.4.2 Consequent strategies

3.4.2.1 Rewards and punishments

Strategies will have limited effects when there are few opportunities to change behaviour

within the industry or when sustainable building practices are less attractive than current

industry norms that utilise unsustainable practices. In these cases, stronger measures are

needed, or measures that change the relative attractiveness of behavioural alternatives

that impact on a more societal level. The type of consequence strategies that impact on

behaviour within the built environment professions fall into two categories, reward and

punishments and can take the form of:

• Pricing policies to reduce costs of sustainable buildings or increase costs of
sustainable buildings.

• Legal measures - laws that prohibit or encourage the use of certain materials,
methods or technologies. Such measures are only effective if laws and regulations
are accepted by the industry and enforced by the authorities, and violations met
with sanctions.

• The availability and quality of products and services making environmentally
harmful behavioural options less feasible or new or better behaviour options may
be provided such as more sustainable materials and technologies on the market.

Penalties are believed to be less effective because they are more likely to result in

negative emotions and attitudes. When enforcement or incentives are inconsistent, or

cease, behaviours are likely to return to their previous state (e.g. Feed in Tariff scheme or

fly tipping). Steg & Gifford (2008) show that both rewards and penalties will be more

successful when they are 'just' sufficient to initiate behaviour change. For example,

individuals engaged in the built environment professions are more likely to attribute their

behaviour change to their personal or organisational convictions, whereas too strong

rewards or penalties could result in people attributing their change in behaviour to the

rewards or penalties themselves. Consequently they may only have short term effects i.e.

as long as they are in place, because they will probably not have changed their attitudes,

for example, where a contractor is obliged to adopt a sustainable method but does not

understand, or has not been told, why.
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3.4.2.2 Feedback

Feedback strategies involve providing information to participants about the frequency or

consistency of their behaviours. Such data make the consequences of desirable

behaviours more salient, and increase the likelihood of behaviour change corresponding

with the consequences. Feedback may be given about the extent to which one's

behaviour changed (e.g., 'you have cut your energy bill by £5'), the consequences of this

behaviour (e.g., energy or water savings), or on the environmental impact of behaviour

changes (e.q., reduction of emissions of greenhouse gases.

Feedback strategies have proved successful in targeting home energy consumption which

show modest but consistent energy savings (Geller et aI1982). In this way, individuals

become aware of the relation between their behaviour and environmental consequences.

This informs designers, users and operators clearly what they are doing and helps

facilitate them to make environmentally friendly decisions through offering real-time

feedbacks, for example, a thermo graphic image of a building element that is performing

inefficiently can be directly visualized as heat loss and easily translated to cost and

potential savings, encouraging or guiding the facilitator to act ecologically (see Figure 3.5).

Feedback displays from renewable energy systems explicitly show reductions in carbon

use and production of renewable energy which can act to incentivise individuals within

organisations. The advent of intranet systems has allowed individuals to access the

performance of their building down to individual workstations enabling them to access

real-time data and follow the direct results of sustainable behaviour (see Figure 3.6).

Figure 3.5 Thermographic image (Source: Archilab) Figure 3.6 Workplace
footprint tracker
(Source: CERES)

It has long been understood, shown by research undertaken by Kohlenberg & Phillips

(1973) over 40 years ago that consequent strategies have proved better than antecedent
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ones (intervention before a given behaviour) in relation to pro-environmental behaviour

through their research related to picking up litter through positive reinforcement

techniques compared with prompts such as a posters requesting litter-picking. Research

by Van Houwelingen and Van Raaij (1989) indicate that daily feedback of gas

consumption is most effective in reducing household gas consumption (12.3%) compared

to receiving information only (4.3%), being taught how to read the gas meter (5.1%) and

receiving monthly feedback (7.7%).

It is clear that interventions and strategies can modify negative sustainable behaviour. It is

proposed that sustainable buildings allied to information provision and education for

sustainable development (ESD) can have a significant impact on environmentally

responsible behaviour. The building itself can act as an antecedent strategy preceding the

behaviour being targeted for change e.g. attitudinal change, education and prompts.

Geller et al (1982), Newhouse (1990) and Olsen 1981 discovered from experimental

research that general positive attitudes to the environment are not very predictive of

eventual behaviour change e.g. "I'm an environmentalisr whereas specific attitudes can

be successful in predicting related behaviour e.g. "I am conscientious about turning off

lights." Dwyer et al (1993), Heberlein (1975) and Kempton et al (1985) found that simply

educating people is not wholly effective and may result in weak attitudes that may revert

back to conventional norms of behaviour.

Steg and Gifford (2008) discovered that generally, interventions are more effective if they

are combined. For example, feedback to architects on how their design performs through

post occupancy evaluation is likely to be more effective when information on how to adopt

sustainable practices is available at design stage, through prior training and education and

the architectural practice commits to design and build sustainable buildings, developing a

virtuous circle of pro-environmental behaviour. However these interventions do not

guarantee change, especially when habits are strong.

3.5 Psycho-emotional blocks and catalysts

As social beings we are inherently subject to and highly influenced by social norms. As

shown by Newholme (1990) those who are well informed are more likely to adopt

environmentally responsible views and views translate into corresponding behaviour.

What is now known as 'nudge' theory postulated by Thaler & Sunstein (2008) raises

serious questions about the rationality of many judgments and decisions that people make

drawing on psychology and human fallibility as a key feature for understanding human
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nature and irrational unsustainable behaviour. This was predicted as far back as 1966 by

the visionary philosopher, architect and inventor Buckminster Fuller:

I made up my mind...that I would never try to reform man - that's much too
difficult. What I would do was try to modify the environment in such a way as to get
man moving in preferred directions.
(in Kolbert 2008, p.11)

Another key aspect are 'social traps', situations in which personal interests with short term

focus e.g. driving a large car, conflict with societal needs e.g. tackling climate change, that

have a long term focus. Personal gains appear to outweigh the social and environmental

costs. Global warming and climate change may reasonably be seen as a risk. Risk is

perceived as higher if it is seen as uncontrollable, inequitable, catastrophic and likely to

affect future generations, risk is perceived as lower if activities are controllable, voluntary,

individual and not globally catastrophic. Siovic (1997) proposes that the problem is that

the perception of risk is not the same as the risk calculated by experts.

One way to overcome the tendency for people to over-discount the future is to frame

sustainable building around an appeal to protect the health and welfare of their children or

grandchildren. Wade-Benzoni (1996) argued that over-discounting occurred because the

harms created were often far off in the future, uncertain, and affected people with little

personal affinity. But relating this to one's offspring shortens that distance and makes the

benefits more present than might otherwise be possible.

Individuals' impact on the environment is becoming increasingly powerful. With the

exception of natural phenomena like earthquakes and volcanic eruptions the vast majority

of sustainability problems are caused by the human species. Environmental problems like

social and economic problems are symptoms of human problems as a result of individual

and collective behaviour and structures..These, in tum, emerge from particular cultural

values, beliefs, interests and priorities.

Deep psychOlogical and emotional triggers are linked to ecological behaviour, identified by

Maiteny (2005) who illustrates how emotional triggers are used in mainstream commerce,

advertising and political methods of convincing and seducing such as the need for

insurance, Social convention and the smoking ban. We need to engage with tapping into

personal fears as a method in campaigning and public education just as emotional

triggers are key to mainstream commerce's and politics' methods of convincing and

seducing e.q, Pensions sold as security for the future freeing you from worries today could

equally be applied to sustainability issues.

107



Maiteny states that "once a situation is recognised as a physical threat, such as global

warming, then it is also experienced as a psychological and emotional threat" (Maiteny

2005, p.12). However there is no guarantee that the response will be appropriate in terms

of reducing the individual or organisational contribution to the problem through their

subsequent behaviours.

Margai (1997, p.780) condudes that "individuals who believe it will be difficult to carry out

environmentally responsible behaviour are unlikely to engage in that action."

A recent experiment on a popular television science programme (BBC 2009a), set up a

hundred cyclists (Figure 3.7) powering a mock-up of a 'typical' UK home inhabited by a

'typical' UK family. The family were invited to spend a weekend in the home and to

behave as they normally would, which unbeknown to them was being powered entirely by

the cyclists and monitored by a team of professionals. Professor T. Jackson from the

Centre for Environmental Strategy, University of Surrey stated on the programme that the

experiment was 'a good way to visualise what is essentially invisible to us'. He went on to

state that:

Energy is perceived as distant. We have emotional attachments to what energy
does for us but little emotional attachment to or understanding of energy itself and
related environmental and social consequences. By directly experiencing the
consequences of the behaviours of others directly we can expect to change
personal behaviour.
(BBC 2009a Interviewwith Professor Tim Jackson)

Figure 3.7 The human power station (Source: BBC 2oo9a)

On being shown the warehouse full of exhausted cyclists and some of the footage of their

profligate behaviour their initial response was shock and surprise followed by statements

that given the facts they would be more mindful of the need for appliances to be on at the
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same time, they would use appliances more efficiently and would purchase energy

efficient appliances in the future. The presenter concluded that we don't think about our

unsustainable behaviour until we see it on a human scale.

George Monbiot in a newspaper article stated:

....it is not that people aren't hearing about dim ate change, but that they don't want
to know. The professional classes have the most freedom to lose and least to gain
from an attempt to restrain it (climate change). Those who are most responsible for
carbon pollution are - insulated by their money- the least likely to suffer its effects.
It is also because it is consonant with the entire body of human self-deception. We
want to be misled, we crave it; and we will bend our minds into whatever shape
they need to take in order not to face our brutal truths.
(Monbiot 2008 p.29)

Contradictory behaviour is known as 'moral (self) licensing' defined by Merritt as "past

good deeds that can liberate individuals to engage in behaviours that are immoral,

unethical or unsustainable" (Merritt et a/2010, p.345), such as using energy in a profligate

manner because of prior investment in building insulation. The language we adopt often

supports this contradictory behaviour with contradictory terminology such as 'sustainable

consumption' which may legitimately be considered a contradiction in terms as current

levels of consumption cannot ultimately be sustained.

It has been highlighted by Hoffman and Henn (2008) that obstacles faced by the green

building movement are no longer primarily technological and economic. Instead they are

social and psychological. It is often the behaviour of individuals, organisations and

institutions that determine the level of engagement with the sustainable construction

agenda.

Jenks & Dempsey (2005) state "...it is behaviour, lifestyles and peoples aspirations that

are at the heart of achieving a sustainable environment. The form of urban areas and

buildings within them, do not determine sustainable behaviour, but they might provide the

right setting for it" (Jenks & Dempsey 2005, p.8).

The development of buildings represents a complex set of processes and sustainability

can often be seen as an extra layer of complexity by built environment professionals.

From case study analysis presented in chapters 6 and 7 and evidence from other sources

such as Frankiewicz (2009) it is clear that the built environment professions, and society

as a whole, will have to make significant behavioural shifts in their organisational

practices, partly driven by changes in mandatory legislative requirements and a moral

obligation to act, if we are to achieve transformative advances in achieving a sustainable

built environment.
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The challenge is to focus on ways of developing environments that favour sustainable

ways of life, opening up more opportunities for intervention and allowing climate change

policy to benefit from a much wider range of social sciences, suggested by Professor

Elizabeth Shove (Shove 2009) as transition management, evolutionary economics and

complexity science. These approaches look at complex blends of both internal barriers

(attitudinal, opportunities, actual) and external barriers (contextual, abilities, perceived).

Of course, the whole premise of this study is based on the hypothesis that whole buildings

can, and should, in their design, construction, operation and use transform human

behaviour, through a myriad of interventions, to be mindful to act in more sustainable

ways and the next section discusses how the built environment and educational

opportunities can combine to achieve this.

3.6 Built environment and pedagogy

3.6.1 Introduction

Buildings have been designed, constructed and used throughout millennia and across

civilisations to exalt the process of teaching and learning. The dreaming spires of Oxford

and Cambridge are akin to some of the most religious architectural practices. In their

grandeur, architectural edifice, consideration of spatial relationships and optimal utilisation

of craftsmanship and materials they celebrate pedagogy through architecture aspiring to

greater knowledge and understanding of the world, promoting and enhancing learning.

In the modern UK era with the advent of 'education for all' educational buildings have

necessarily and pragmatically had lesser and humbler aspirations compared to the

• national monuments of their red brick counterparts. Through emerging Victorian values

school, vocational and higher educational buildings displayed some of the elements of

past achievements in terms of the use of durable materials, high thermal mass, good

daylighting, controllable ventilation, a central heating system, generosity of space, amenity

for play and the application of well-practiced construction skills (see Figure 3.8).

The post-war years represented a move towards more austere and utilitarian designs and

economic considerations meant the pedagogy of learning environments was neglected in

favour of mere space enclosure for the purpose of delivering education, culminating in

some of the poorest performing educational buildings. These were exemplified by the

Consortium of Local Authorities Special Programme (CLASP) system buildings of the

1950's, 1960's and 1970's. These were a method of designing and assembling

prefabricated buildings for use in the public sector (see Figure 3.9)
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Figure 3.8 Victorian school building Source: www.geograph.org.uk

Figure 3.9 CLASP school building Source: www.geograph.org.uk

They were effectively a steel framed flat roofed box comprising of pre-fabricated elements

made of steel and concrete with small windows placed high on the building, immediately

below the roof. Wood or metal pillars held up canopies which were usually wood-panelled

underneath. Pre-formed panels of aggregate-coated concrete formed the outer walls. The

structures were cheaply built and quickly decayed and required almost constant

maintenance and were therefore expensive to maintain in use. They incorporated

asbestos, now known to be a carcinogenic trigger. By almost every sustainability indicator

these buildings represented the antithesis of sustainable building, apart from the use of

pre-fabrication, which is now extolled as a key sustainable strategy. They suffered from

poor detailing, were prone to excessive solar gain in the summer and heat loss in the

winter, the flat roofs were poorly detailed and subsequently leaked. Windows were single-

glazed with ill-fitting metal frames with poor ventilation control resulting in additional heat

loss. There were concems about fire safety, in particular the ease with which flames could

spread through roof related spaces and the quality and effectiveness of acoustic insulation

and the possible impact of noise disturbance on educational attainment. The SCOLA
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(Second Consortium of Local Authorities) system was similar to CLASP but used brick

and timber instead of concrete.

System-building was successful in delivering the numbers of buildings required across the

country and 10,500 schools had been built between 1945 and 1975 (DESmO 1977). This

was the height of school building in the zo" century and a low point followed with the loss

of power of the Labour government in 1979 which "ushered in 25 years of neglect - the

importance of the school environment ceased to be an issue." (Wall et a/2008, p.4).

Effective learning and teaching was reported to occur despite adverse physical conditions

and lack of resources (Rutter et a/ 1979). The First National Commission of Education

Report Leaming to Succeed (1993) made no reference to school buildings or architecture

in its index. The follow-up study into the basis of improvement in ten disadvantaged areas

(National Commission of Education 1996) indicated that while physical environment might

not be a necessary pre-condition for improvement in some schools it was nonetheless an

important and necessary condition for effective learning.

Pedagogical theories began to change and knowledge ceased to be just about what could

be acquired and stored. This change in pedagogy influenced changes in school building

design. Spaces were created to facilitate the ideal of the pupil as the agent of their own

learning, development and social being. The link between school design and learning was

apparent in the thinking of those advising the government and architects, that learning

was both personal and individual.

The next significant movement in educational building design was the introduction of the

very ambitious but contractually flawed Building Schools for the Future Programme (BSF)

a £45 billion school building programme introduced by the Labour Party in 2004 with the

ambitious target of making all schools zero carbon by 2016. Many BSF projects

recognised the move towards collaborative teaching and learning strategies driven by

educational change theory which reflected many of the aspects of theories of behavioural

change, representing a synthesis of pedagogy and architecture. The pedagogical value of

sustainable school buildings was recognised by the Prime Minister at the time, Tony Blair:

Sustainable development will not just be a subject in the classroom: it will be in its
bricks and mortar and the way the school uses and even generates its own power.
Our students won't just be told about sustainable development, they will see and
work within it: a living, leaming, place in which to explore what a sustainable
lifestyle means.
(Blair 2004)
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Despite these laudable aims the sustainability of many of the BSF schools did not meet

these expectations largely through poor procurement practices, lack of change

management and discrepancies between designed and in-use performance, dubbed the

'credibility gap.' Matt Bell from the government's architectural advisory body, the

Commission for Architecture and the Built Environment (CABE) cites that: "most of the

deslqn criteria for the schools was poor and mediocre" and that "the buildings were no

more energy efficient than a school designed ten years ago" (BBC 2009b). Architects

were accused of being fixated with 'eco-bling' driven by standards that awarded points for

green features that in use became over-complex 'nuisance' technology and were too

focused on aesthetics.

In their defence a lot of the technology was new for designers and local authorities and

the projects viewed as testing grounds for learning, resea rching and developing more

workable solutions. But with buildings learning by making mistakes is an expensive

business. Many view the BSF programme with mixed views on its success but some of

the responses of pupils indicate a pedagogical and behavioural effect: "I'm happier to be

in a more environmentally friendly school, I recycle more" and "I never knew about the

environment until I came to this school and it's made a big change in my life" (BBC

200gb).

Figure 3~10 Minster School, Nottingham Source: Penoyre and Prasad LLP
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Many of the building projects mirrored the integrated approach adopted by educationalists

and in many cases utilised the ideas of teachers, students and behavioural psychologists

in the design process. Changes in teaching strategies, driven by the increasing use of IT,

blended leaming and project-driven leaming impacted on the spatial layout of buildings

requiring non-linear configurations, away from the transmissive and didactic forms of

teaching spaces to more inductive and transformative pedagogical strategies (Sterling

2002). These arrangements fit well with some of the sustainable behaviour change

theories previously discussed.

Figure 3.10 shows an exemplar BSF school which was conceived and created through a

'lengthy and rich' consultation process undertaken by the architects with one-an-one

meetings with all department heads and workshops with teachers and pupils over a 12

month period. The Deputy Head is reported to have said "what we really liked about the

architects was they didn't have any fixed plans. The other architects all had pictures of

other schools they had designed. The chosen architects said when you walk into this

school it will be your school, not our school" (Simpson 2008, p.5).

The Architectural Practice Director. when asked about what the success of the project

was down to said, "people who know about designing buildings got together with people

who know about schools and talked to each other.JJ In the article about the school the

reporter stated "The consultation between architects, staff and pupils has led to a building

loved by everyone" (Simpson 2008, p.5).

Almost the first act of the new coalition government in 2010 was to axe the BSF

programme altogether citing the PFI contracts as highly uneconomic and wasteful and in

the process abandoned much of the progressive work and lessons leamed about

sustainable building design and pedagogy. Arguably. the new administration have

opposing educational ideologies in relation to the provision of public education and

investment. soon bringing in the free school system which enables groups to set up

schools in any existing building. The first free school to be set up was by the writer and

journalist Toby Young. lauded as a pioneer by exponents of the free school philosophy.

who stated in Building Magazine Online:

Architects imagine educational buildings have a transformative effect on
educational outcomes. But actually, that's bollocks! There is no evidence to
support those claims at all. Educational outcomes are dictated by the quality of the
staff, not the quality of the building. They are more likely to be inexpensive new
builds. Crude, basic, meat- and-two veg. new builds that look like branches of
Ikea. Bad news for architects!
(Wright 2011. p.1)
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Seven out of nine responses to this artide strongly opposed Mr. Young's views, accusing

him of 'trying to seek cheap and controversial public attention and publicity, to use

unsuitable buildings without needing to meet educational standards and confusing free

schools with cheap schools.' It was reiterated by a number of respondents that well-

designed space does increase the learning ability of students. In the words of one

respondent: "In our brave new Britain a school should at least communicate to students

that we as a society value education as much as we value shopping malls,"

Clearly the drive to provide buildings for pedagogy on a national scale is set back to some

degree with the wholesale scrapping of the BSF programme, but that's not to say that

sustainable educational buildings are not being constructed and some of the best

examples are driven by enlightened local authorities and private developers working with

sustainable developers, architects and contractors.

Once again in the UK, there is a move towards standardisation in the provision of new

educational buildings, which is not in itself a bad thing as long as in their design,

construction and operation careful consideration is given to the impact of the building on

positive pedagogical, social and environmental outcomes. Baseline designs produced by

the Education Funding Agency (EFA) resulting from the recommendations of the James

Review indicate that new schools are set to be 30 percent cheaper to develop resulting in

a £6 million saving on a typical BSF 1,200 place secondary school and 5-15 percent

smaller under the government's new standardised school approach.

The designs have simple orthogonal forms and are all based on the same limited range of

room sizes and standard dimensions to enable a modular approach. Exposed thermal

mass is used as part of the occupant comfort strategy and in terms of sustainability there

is consideration for: a durable, airtight and well insulated fabric; maximum use of daylight

while limiting solar gain; mechanical or hybrid ventilation with heat recovery in winter and

natural ventilation in summer; and provision for the school and the contractor to monitor

energy use. Energy efficiency savings have been estimated to be in the region of £70,000

per school each year.

Efficiencies are also expected to be driven through the use of building information

modelling (BIM) technology and design for off-site manufacture and pre-assembly

estimated to reduce on-site wastage by 50 percent. They are set to achieve BREEAM

'very good' as a minimum standard and each building will include a minimum 10 percent

local renewable energy target
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In a recent article (Building4Change 2012a) RIBA president Angela Brady was critical of

the govemment's approach, saying: 'Improvements must be made to the proposals to

make sure that the schools we build now will suit the future generations of children that

will leam in them, and deliver what the community needs in the longer term'. Clearly there

is a danger of aiming to achieve minimum standards only, stifling the opportunity to

achieve truly transformational school buildings.

There is a growing body of literature that rejects calls for the standardisation of buildings

in the name of sustainability:

There may well be as many types of relationship between nature and architecture
as there are architects and buildings.
(Jodidio 2006, p.3)

Edwards (2001) celebrates the fact that the agenda of sustainability is not leading to a

single universal style but to a rich and complex architectural order around the world.

Williamson et al (2003) assert that there is no class or style of design which is

unequivocally sustainable architecture, and no fixed set of rules which will guarantee

success if followed.

The evidence presented in this study strongly suggests that the design of school

environments impacts on the health, well-being and productivity of pupils and staff. If the

key determinant becomes cost at the expense of pedagogical, physiological,

environmental and social benefits the school building movement will have taken a

regressive step.

3.6.2 Buildings as pedagogy
There are a plethora of sustainability-driven buildings being constructed around the world

and many of the best examples have an educational and community function. Each have

unique features and focus on widely varying degrees of sustainability, often embedding

pedagogical and behavioural change interventions. Arguably, some of the best advances

in interdisciplinary research, theory and practice are in the development of buildings

linking sustainability, health and well-being and educational attainment. In their desire to

promote sustainability, some go beyond the desiqn and construction stages and attempt

to embed features that have an educational and/or behavioural impact throughout the

entire Iifecycle of the building.

Paola Sassi in her book Strategies for Sustainable Architecture (Sassi 2006) highlights

opportunities for buildings to promote awareness of sustainability and to use buildings as
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'educational vehicles' are highlighted which also ensures more efficient operation of the

building. Sassi states:

An overall sustainable design strategy should include raising awareness about
sustainability in general, educating the client and the project team about
sustainable design approaches and influencing users about the operation of the
building.
(Sassi 2006, p.88)

Sassi uses case studies to show how buildings can educate communities, how buildings

can be used to demonstrate solutions to sustainable design problems and how buildings

can also educate developers and buyers.

Architecture and education intersect throughout the lifecycle of a school building and the

question here is how to make the most of this interaction with architects supporting

education and educators contributing to the design process. AnneTaylor in her book

Linking Architecture and Education speaks of "interactive environments that serve as

three-dimensional textbooks for learning and the incorporation of elements in the physical

learning environment that will compel students to be responsible for their own intellectual

growth and whet their appetite for knowledge." (Taylor 2009 p.3)

This includes, users, operators and general visitors fostering an ethos of sustainability

throughout the institution cutting across curricula and encouraging inter-disciplinary

practices which can have an impact beyond the organisation itself, 'stitching it' into the

community. Sustainable school buildings are held up as best practice examples in

educational, architectural, planning, construction and facilities management circles with

the social, economic and environmental force to change attitudes and behaviours to effect

transformational change.

3.6.3 Sustainable education
Strategies for the transition to sustainable education have been well-researched and are

not distinct or separate from the environment in which it can take place. Education for

sustainability is an ongoing learning process which actively involves multiple stakeholders

in change to achieve sustainability. It is sometimes also called Education for Sustainable

Development (ESD). Environmental Education (EE), Sustainable Education (SE) or

Learning for Sustainability (US).

Whole school development approaches reflect whole systems thinking and is one way of

turning sustainable development into reality. The commitment to change values, attitudes

and actions that reflect social and environmental justice, fostering strong links with local
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communities, developing pupil self-esteem and the professional development of teachers

promoting more discursive and co-operative learning environments

It has been established that the acquisition of knowledge about sustainability through

education and training goes some way to informing our attitudes to our own relationship to

environmental issues but research has shown that there is a very weak correlation

between attitude and change in pro-environmental behaviour or lifestyle and there are

many additional socio-economic factors for this, as well as solutions.

Stephen Sterling (2002), a leading practitioner in ESD identifies three orders of change in

order for change to take place. These are (i) first order change; making adjustments in the

existing system and within accepted boundaries leaving basic values and beliefs

unchanged and unchallenged, (ii) second order change; critically reflective learning,

thinking about our thinking and (iii) third order change; redesign of the education system,

a deeper awareness of alternative world views, a shift in consciousness. Sterling goes on

to highlight the differences between transmissive and transformative education (see Table

3.1).

TRANSMISSIVE TRANSFORMATIVE

EDUCATION FOR CHANGE (Practice)

Instructive Constructive
Instrumental Instrumental/intrinsic
Training Education
Teaching Learning (iterative)
Communication (of 'message,} Construction of meaning
Interested in behavioural change Interested in mutual transformation
Information-'one size fits all' Local and/or appropriate knowledge important
Control kept at centre Local ownership
First order change First and second order change
Product oriented Process oriented
'Problem-solving' - time bound 'Problem-reframing' and iterative change over

time
Rigid Responsive and dynamic
Factual knowledge and skills Conceptual understanding and capacity building

EDUCATION IN CHANGE (Policy)

Imposed Participative
Top-down Bottom-up (often)
Directed hierarchy Democratic networks
Expert-led Everyone may be an expert
Pre-determined outcomes Open-ended enquiry
Externally inspected & evaluated Internally evaluated through iterative process,

plus external support
Time-bound goals On-going process
Language of deficit and managerialism Language of appreciation and cooperation.Table 3.1 Differences between transmissive and transformatlve education
Source: Sterling (2002 p.38)
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According to educational change theory (Blenkin et a/ 1992) transformational change
needs to occur across technological, cultural, micro-political, biographical, structural and
socio-historical aspects of education. Sterling supports this and states that "schools and
organisations need to engage in deep change in order to facilitate deep change and they
need to transform in order to be transformative" (Sterling 2002, p.15).

Sterling (2002 pp. 60-61) describes a range of educational responses to sustainability:

1) Education about sustainability - This has a content/knowledge bias and can be
quite easily assimilated within the existing educational paradigm. This is an
adaptive response, which equates with first order learning.

2) Education for sustainability - This includes content, but goes further to include
values and capability bias. This involves some reformation of the existing
paradigm to reflect more thoroughly the ideas of sustainability, but otherwise the
existing paradigm remains largely intact, for example with respect to unqualified
economic growth. The greening of schools and colleges movement is largely
located here. This is an adaptive response that equates with second order
learning.

3) Education as sustainability - This is a transformative, epistemic, learning
response by the educational paradigm, which is then increasingly able to facilitate
a transformative learning experience. This position emphasises process and the
quality of learning, which is seen as an essentially creative, reflexive and
participative process. The shift here is towards 'learning as change' which
engages the whole person and the whole learning institution. This response is the
most difficult to achieve, particularly at institutional level, as it is most in conflict
with existing structures, values and methodologies, and cannot be imposed. This
is third order learning and change.

Sustainable education concepts can be woven into the structure of a school, making it an

active rather than a passive space for learning. The 'informed' learning environment is a

three-dimensional textbook or teaching tool intentionally filled with rich prompts or cues for

learning. The environment in which ESD is delivered can have an impact on the learning

process, for example through experiential learning about sustainable construction

practices, materials and technologies, in situ, particularly related to vernacular forms of

architecture and the use of regional craft skills and local materials which is a fundamental

aspect of the hypothesis proposed in this study, that sustainable buildings can, and do,

influence sustainable behaviour.

Sustainable buildings can enhance ESD in the built environment sector leading to

behavioural change in graduates and established professionals, as well as those using

buildings who are not necessarily directly involved with the structure or operation of the

building, but who benefit from occupying a sustainable building. Janda (2011) recognises

that although few students will ever become practicing design professionals, all students

use buildings and will continue to do so throughout their lives and it is argued that in order

to prepare people to accept more responsibility for their role in the built environment,

education should be much more comprehensive, hands-on and iterative.
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Findings from this study, presented in Chapters 6 and 7 and discussed in Chapter S, show

that education and awareness-raising via the built environment includes strategies to

inform building desiqners, developers, contractors, managers and users of the

consequences of their actions and encourages and guides them to change, such as on-

site training or well-written operating manuals. This imparts 'eco-information' (as

discussed at the beginning of this chapter) to be imparted offering behavioural choices,

enabling the target audience to visualise or experience how their action impacts on the

consumption of resources such as materials, energy, water, waste etc.

For educational and community buildings to be truly transformative, educators, building

managers developers, engineers and desiqners must enter into meaningful dialogue at

the conceptual stage of the building. An example where this has not happened was the

introduction of a biomass system at a school. Teachers recognised it as a valuable

teaching and learning resource but the system was so designed that it was very difficult to

experience the system in operation because of siting, spatial limitations and poor access.

If this had been considered at design stage its educational value could have been

optimised.

Professor David Orr in his book Nature of Design (Orr 2004) speaks of the 'hidden

curriculum' that is the building itself and its inherent value in its potential to educate and

raise awareness and bring about pro-environmental behavioural change. School buildings

are also often referred to as the 'third teacher' and Ty Goddard, Director of the British

Council for School Environments (in Firth 200S) suggests that we ignore the built

environment (as a teaching and learning resource) at our peril. Orr states "other than as a

collection of buildings where learning is supposed to occur, place has no particular

standing in contemporary education" (Orr 2004, p.12S) He argues that our sense of place

has become nebulous and homogenised, our immediate places are no longer sources of

food, water, livelihood, energy materials, friends and recreation.

Bonnett speaks of the "relative invisibility of nature" (Bonnett 2007, p.711) in

predominantly modem westem lifestyles and poses the questions what is nature and what

is our place in it? How can we know nature? what should our attitude towards it be? and

against what criteria should humankind judge its progress/successlwell-being in relation to

the natural world? Such questions are pedagogically relevant because they represent

important ways of articulating our understanding of the human situation. Such questions

are central to addressing the environmental predicament we face today; the meaning of

environment and nature, its importance to education and what taking sustainable
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development seriously suggests for the aims and curriculum of schools and their built

form.

Firth and Winter (2007) argue that schools are in danger of becoming epistemologically

and socially irrelevant unless they recognise the nature of knowledge itself and the

dynamic and creative processes required to translate this into teaching and learning

situations. Thus, there is a need to reconceptualise the relationship between knowledge

and pedagogy and that the aim of education should be to develop students understanding

of the produced nature of knowledge. Essentially, to move away from teaching young

people about the pre-existing world, a way of thinkinglbeing/doing that is decided in

advance leading towards a closure but to consider alternatives that complicate the scene,

unsettling actions and understandings and demanding the exercise of critical choice. As

the world becomes more complex and uncertain these skills are far more valuable in

creating a more sustainable future. Edward Mazria states that:

As the world transforms in its efforts to avert dangerous climate change, ecological
literacy will become a vital part of all education. We cannot expect future
generations to value what they are being taught, unless they also experience and
live it in their learning environments. Surrounded by sustainable buildings,
students will come to think of sustainability as being as obvious and essential to a
building as doors and windows.'
(Mazria in Taylor 2009 p.1)

Janda asserts that

few people other than architects are ever taught to read the language of the built
environment. As a result, the general population tends to treat buildings as static
objects rather than dynamic systems. By re-engaging with our immediate
surroundings we inherently become more aware of ecological, social, economic
and political imperatives.
(Janda 2011, p.19)

Goddard states that "architects and educators need to become bilingual in order to

communicate the needs of modem schools across different disciplines." He goes on to

say "what you currently get is builders talking about building, architects talking about

architecture and educators talking education." (Goddard in Firth 2008, p.1) Here we find

clear recognition of the need for interdisciplinary working practices.

The function of a school building has significant impacts on the level of behavioural

change that can be affected, although it may be asserted that all buildings should utilise

their sustainable credentials for educational purposes. This study looks particularly at

community and educational buildings and their potential for education, raising awareness,

and experiential leaming (embedded learning) for behavioural change. Education about
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sustainable buildings, landscapes and lifestyles can merely be an awareness lesson or

theoretical discussion whereas education for sustainability uses (un)sustainable buildings

as an educational resource to achieve a greater understanding of social, environmental

and economic sustainability.

Linking the design concepts, fabric and operation of the building to what is taught within

the building is paramount. Advanced pedagogical research from the National Training

Laboratories Institute for Applied Behavioural Science (NTL 1954) has long shown that

experiential learning, or 'learning by doing' has much more potential for deeper,

embedded learning than simple didactic methods, 'learning by telling'. Figure 3.11

illustrates average student retention rates for a variety of teaching and learning strategies.

Source: National Training Laboratories, Bethel, Maine
Figure 3.11 The learning pyramid

The learning pyramid (Figure 3.11) illustrates that a student may learn about generic

sustainable buildings through a lecture, by reading about it or through audiovisual stimuli

but can only hope to retain up to 20% of that information whereas, using a building for

demonstration purposes with discussion will retain between 30 and 50% and if you involve

students and staff in the actual design, construction and use of the building you can

expect learning retention rates of up to 75% enabling greater processing of that learning

into actions and behaviours.

Buildings provide opportunities for transformative teaching and learning experiences and

opportunities for experiential engagement and activities across the curriculum at school
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level and across many disciplines at graduate and professional levels. Built environment

education is similar to arts and museum and gallery based education in that it can

challenge pupils with open-ended, creative leaming tasks which can help increase

confidence, enhance pupil motivation, provide work satisfaction, and contribute to the

development of lifelong leaming skills. We are surrounded by buildings and designed

spaces and built environment education can provide leaming opportunities and out-of-

classroom leaming experiences in the local community that are accesslote, inexpensive

and familiar to both teachers and pupils.

Dwyer (1993) illustrates that simply educating and informing people is not wholly effective

and environment is critical in facilitatinq behaviour. Newholme (1990) also concludes that

general positive attitudes to the environment are not very predictive of eventual behaviour.

Factual knowledge can lead to a change in attitude toward behaviours linked to social and

moral values that lead to subjective norms (socially appropriate action) and will eventually

lead to behavioural intention and outcomes; this is illustrated by the work of Fishbein &

Ajzen (1980).

Architect Robert Kobet (2003) suggests that secondary school facilities should be

designed to function as an extension of the curriculum. School grounds that include

gardens could provide participatory leaming opportunities (as well as physical inputs) to

school cafeterias, culinary classes and biology courses, especially as children are

experiencing ill-health and behavioural problems as a result of indoor and sedentary

lifestyles, suffering from 'nature-deficit disorder' a hypothesis proposed by Richard Louv in
his book Last Child in the Woods.

No single discipline fully explains our world. Through interaction with objects, children

encounter integrated concepts from mathematics, science, social studies, physical

education, and the arts. As children discover the richness of the environment, they leam

to view their surroundings in multiple ways, increasing their problem-solving abilities with

ideas and strategies taken from all subject matter areas. Davis et a/ (1997) show that

interdisciplinary leaming automatically aids higher-order thinking skills by requiring

leamers to compare, synthesise, and innovate.

Pallack et a/ (1980) show that attitudes formed from direct behavioural experience tend to

be stronger and are more predictive of later behavioural change than are passive or

abstract attitudes. Therefore the more we use buildings as an experiential teaching and

leaming resource the more likely pro-environmental behaviour is to occur leading to
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resource efficiency, waste minimisation, increased health and well-being, enhanced

biodiversity, low-impact transportation etc.

At a recent conference A Roadmap to Sustainable Schools held at the University for

Central London by building engineers, a head teacher stated that architects and engineers

lacked an understanding of the curriculum when designing and constructing educational

buildings and during another presentation at the same conference an engineer stated that

teachers and other educational staff do not understand buildings and in particular the

function and purpose of sustainable buildings.

Herein, partly lays the answer. If both are engaged in the process of design and use of a

building, bringing their respective knowledge of architecture and pedagogy together, the

educational value of a sustainable building can be optimised. One of the legacies of a

well-designed sustainable building will be its educational value and its incorporation into

the curriculum in terms of its structure, the materials used its use of resources, its role in

the community and ultimately its effect on behaviour of students, staff, parents and the

wider community.

It is argued that sustainable buildings allied to sustainable education can have a

significant impact on environmentally responsible behaviour through combined technical

and pedagogical interventions embedded into the design, construction and operational

processes. Full scale buildings designed for sustainability can also act to demonstrate

sustainable materials, technologies and methods.

Therefore, education and learning as sustainability must be linked with effective learning

spaces and is critical in fostering ESD. The theory and practice of creating effective

learning spaces can be reflected in the buildings spatial configurations as well as the

materials, methods and technologies from which the building is constructed.

A best practice example of the potential for future sustainable school design is the 'Re-

Thinking School' project (see Figure 3.12) showcased at the Building Research

Establishment Innovation Park in Garston, Watford. It combines pedagogical objectives

such as education transformation and better learning outcomes with practical delivery of

environmental sustainability to encourage 'sustainable evolution.' The building acts as a

research tool for knowledge re-investment and is being used to generate case studies of
both hard performance data and user experience data.
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Figure 3.12 The 'Re-Thinking School' Building.
Architect: White Design

Source: BRE

Key features and benefits of the Re-Thinking School building include:

• Solid timber panel construction made from off-cuts of waste wood (see Figure
3.13)

• The central teaching hub can be configured to suit different learning activities:
electronic, individual and group learning

• A 'daylight chimney' brings natural light and ventilation from the roof area two
levels above

• The IT server room is naturally cooled using cool air from under the building
• A combined biomass and air-source heat pump provide renewable heat and hot

water
• An educational window panel contains recycled plastic bottles providing additional

insulation (see Figure 3.14)
• The WC is directly linked onto the learning area to reduce the risk of bullying and

other anti-social behaviour.
• A dynamic lighting system mirrors the spectrum of sunlight throughout the day to

boost and aid levels of concentrations in pupils.
• The green roof space maximises the usable footprint of the building providing

external learning space, additional insulation, water attenuation and a habitat for
biodiversity

• Circulation areas, such as corridors, are fitted with seating and library area.
• A wind turbine provides zero carbon electricity and is an educational resource
• Internal CO2 and temperature levels and automated adjustments of openings are

monitored by the weather station and controller sensors
• The school is predominately clad in British White Cedar and the back of the

building shows a number of sustainable alternatives, including used recycled
mobile phones (see Figure 3.15)

• Displays of construction system feature cut-a-ways and 'vision panels' show
elements of the buildings structure and operating systems (see Figure 3.16).

• Underfloor heating reduces energy consumption. The low emitter temperature
levels lend itself to use in conjunction with a heat pump.

• Movable walls can break up or enclose space or be used as an object for
projection and display

The design recognises that students should be encouraged to progress at their own pace,

consistent with their own skills and talents.
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The teaching spaces offer the ability to instruct a few pupils or individuals on similar topics

at different paces using different learning strategies in order to allow for the customisation

of each students personal profile.

Figure 3.13 Modular timber panels
Source: BRE

Figure 3.14 Plastic bottle window
Source: Author

Figure 3.15 Rear view of building
Source: Author

Figure 3.16 Transparent downpipe
Source: BRE

3.6.4 Space and layout
The spaces provided within a school and the relationship they have with each other

contribute to their effectiveness in providing education and the efficiency of movement

within the building. A study of 24 schools in Georgia, USA (O'Rourke Swift 2000),

concluded that the achievement of 8-9 year aids was most affected by circulation pattems

and movement and 9-11 year old students by large group meeting areas. The layout can

also affect aspects of sustainability and, in particular, the availability of daylight, options

for natural ventilation and acoustic performance. A study of two new classrooms designed

by INTEGER highlighted positive impacts on pupils' behaviour from the new learning

environments that enhance mobility, flexibility and use of technology (Tiburcio and Finch

2005).
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As educational needs and theories change so must design. Schools are moving away

from didactic teaching styles that rely on uniformity, memorisation and lecture learning

and into the digital information age and more towards interactive learning. The old

'assembly line' model no longer supports what we know about how the brain/mind learns

(Caine and Caine 1991). This means architects must provide different configurations for

learning environments, more flexibility, adaptability, movable components, and future

conversion to other uses. Research by Locker and Olsen (2004) shows that poorly

designed spaces can provide opportunities for social friction, bullying and other anti-social

behaviour.

There are indications that the amount of space pupils have has an impact on both

performance and behaviour, particularly among pupils with special educational needs. A

study conducted by O'Rourke Swift (2000) on elementary school pupils concluded that

pupils performed significantly better in a number of tests and had improved behavioural

patterns where the amount of space (indoor and outdoor) was above 9.29 m2 per pupil.

The new standardised school approach is reducing the amount of space available per

pupil.

The benefits of small group working have been documented in a large British study of

10,000 students from 500 classes in 300 schools from Nursery age to the end of Key

Stage1. The study concluded that when pupils were divided into groups in the classroom

those in larger groups suffered greater adverse effects on their work and concentration

(Blatchford, Bassett and Goldstein 2003).

3.6.5 Natural materials

The use of natural materials has a number of environmental, social and economic benefits

in terms of sustainability. It offsets the use of man-made materials which often contain

volatile organic compounds (VOC's) and reduce or impair indoor air quality (lAO)

contributing to sick building syndrome (SBS) or building-related illness. Natural materials

therefore have a positive impact on the health and well-being of occupants often

improving productivity in work and learning environments. They are often locally sourced

and in many cases are a bl-products from other industries reducing the environmental

impact through transportation and processing resulting in low embodied energy and can

stimulate local economies. Using the narrative of the lifecycle of materials can be a

valuable educational strategy. At end-of-life natural materials tend to be more

biodegradable and readily reused or recycled.
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3.6.6 Embedding sustainable features
Through early design considerations sustainable features can be embedded that not only

clearly show how systems work, enabling the building to 'explain itself but can have

additional educational benefits. For example, water management systems, consisting of

green roof - rainwater distribution - wetlands filtration, can be made visible and offers a

tangible narrative of how buildings impact on water use with issues such as scarcity,

flooding, excessive run-off, extreme weather conditions through climate change and how

buildings can be designed to mitigate these effects. By combining form and function in a

sustainable way, in the words of the architect, the 'ethic is rendered aesthetic'. By taking

an object such as a building, examining its form and function, and then translating

perception of the building into ideas about sustainability, knowledge, understanding,

creative problem-solving, and self-expression is encouraged.

3.6.7 Transparency

By making the operation of the building transparent and accessible, in terms of its

structure, space, services and operation, occupiers and visitors can have a greater

appreciation of how the building functions. Buildings can be designed to enable people to

observe and participate in maintaining and caring for the building, through experiential

learning, reflecting the need for 'architectural honesty' if we are to engage and educate

people in the buildings they occupy. Common architectural elements can be designed for

their maximum potential as learning resources to stimulate enquiry and learning.

Often people feel remote from the over complex and out-of-scale buildings that are

imposed upon them whereas sustainable buildings engage, empower and instil a sense of

being part of a whole. The concept of 'baubiologie' or building biology shows the need for

us to appreciate buildings as living systems and the analogy can be extended to

circulatory systems, boiler as heart, building management systems as brain external

structure as third skin, breathability, sick building syndrome etc.

3.6.8 Impacts of school environments on learning
An increasingly broad body of research, presented below, shows a strong correlation

between key educational outcome indicators and key sustainable building design

characteristics.

Evidence suggests that school design affects the performance of a school, including

behaviour, well-being and achievement of pupils, as well as the recruitment and retention

of teachers, and the sustainability of the school itself. A survey conducted by the Teacher

Support Network and the British Council for School Environments showed that teachers
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overwhelmingly agreed (95.8%) that the school environment had an influence on pupil

behaviour (CABE 2010).

The National Foundation for Educational Research carried out a study at Bristol Brunei

Academy, a BSF school which opened in 2007, reported by the Commission for

Architecture and the Built Environment (CABE). This showed that the number of pupils

who said bullying was an issue for them had dropped by 23 per cent compared with the

school it replaced. Vandalism had dropped by 51 Per cent and the number of pupils who

say they 'feel safe' had risen by 30 Per cent (CABE 2010).

Various US studies of sustainable school buildings have revealed that student attendance

rose by 5 percent after incorporating cost-effective indoor air quality improvements

(Illinois Healthy Schools Campaign 2003) better school facilities can add 3 to 4

percentage points to a school's standardised test scores (Schneider 2002) and a 15

percent reduction in absenteeism (Paladino 2005). Students moving from a conventional

school to a new sustainable school achieving a LEED Gold rating experienced substantial

improvements in health and test scores. A PhD thesis on the school found a 19 per cent

increase in average Student Oral Reading Fluency Scores when compared to the prior,

conventional school (Doll 2005).

In the UK Ofsted (2009) visited 14 schools over a three year period and found that their

focus on sustainability had a wide range of positive consequences. Sustainability captured

the interest of young people because they could see its relevance to their own lives and

futures. There was evidence of an increase in knowledge and understanding of the

importance of leading more sustainable lives, and there were examples of more positive

attitudes to learning, better behaviour, attendance, and improved standards and

achievement. Importantly, the findings show that sustainability is a significant factor in

improving teaching and learning in these schools.

In a study of 56 schools for the National College, Birney and Reed (2009) found that

schools which focus on sustainability bring an ethic of care and a common vision for

building a more just and inclusive school and society. This results in positive benefits for

young people's learning and well-being, and also for the staff and wider community. The

study also found that a commitment to staff development through training and support

enable teachers to understand a sustainable schools approach and how to make a school

operate sustainably.
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Research by the Sustainable Development Commission (2009) and by Thomas and

Thomson (2004) shows that environmental quality and young people's well-being are

inextricably linked, and that young people's everyday experience of living and learning in

the environment, and the health of the environment itself, are critical to overall well-being.

The findings also show that the worse a local environment looks. the less children are

able to play freely. and develop the habits and commitments that will enable them to

address environmental problems in the future.

Hicks and Holden's (2007) research into young people's views of the future, found strong

evidence that, regardless of age. the environment is a consistent theme in their concems

about the future and that providing collaborative, positive and supportive learning

environments is vital in helping students to raise and deal with their concerns. The

research also found that young people become increasingly worried and/or disinterested

when schools place too much emphasis on problems. Research from the Cambridge

Primary Review noted that "pessimism turned to hope when (people) felt that they had the

power to act...the children who were most confident that climate change need not

overwhelm them were those whose schools had decided to replace unfocused fear by

factual information and practical strategies for energy reduction and sustainability."

(Alexander 2009, p.198).

Gayford (2009) found that where students were involved in monitoring, recording and

reporting the effectiveness of the measures taken to improve sustainability within the

school, or in planning changes in the school or local community, there were valuable

educational outcomes. social networking, and increased student motivation. Gayford also

found clear evidence from young people that telling them what to think and do about

environmental issues is not effective. This and other studies demonstrate that using

active, participatory and collaborative approaches helps young people to enjoy and

achieve, and enables the transfer of learning to everyday life.

A Building Research Establishment paper: Health and Productivity Benefits of Sustainable

Schools A review (Murphy and Thorne 2010) asserts that the positive health and

pedagogical effects demonstrated by improved indoor air quality. lighting, acoustics,

thermal comfort and spatial considerations are highly suggestive of a causal relationship

between sustainable schools, high quality learning environments and improved

educational and workplace outcomes. The review concludes that only by bringing a wide

variety of datasets together on a significant scale can we draw quantified conclusions

about the educational case for sustainable schools.
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A recent pilot study by the University of Salford and architect Nightingale Associates

reported in Building4Change (2012b) investigated seven primary schools with differing

learning environments and age groups. The study involved collecting academic

performance data from 751 pupils in maths, reading and writing at the start and end of an

academic year and evaluating the holistic classroom environment, taking into account

classroom orientation, natural light, colour, noise, temperature and air quality. Classroom

design and use factors were included to identify what constitutes an effective learning

environment It was found that the classroom environment can affect a child's academic

progress by as much as 25 percent over a year.

From evidence presented in this section it is reasonable to conclude that a school

specifically designed to be healthy, and characterised by sustainable features such as

optimal daylighting, fewer toxic materials, improved natural ventilation and acoustics and

improved light and air quality would provide a more productive study and learning

environment. It provides an opportunity to explicitly teach and learn about sustainability

and therefore to potentially bring about sustainable behavioural change through

experiential leaming, bringing together buildings, pedagogy and people in a sustainable

environment, that would not be present in a poorly designed school.

As presented, the building is a key factor, but other strong determinants include the

motivations and priorities of individual teachers and their willingness to engage with the

sustainability agenda in their subject area and the wider curriculum, set by organisational

and institutional bodies at both local and central levels.

3.6.9 Critique of education in built environment disciplines

Research by Ryghaug (2003), a political scientist, analysed the role of sustainability in

architectural education using interview techniques, studying architectural competitions and

trade journals. The major findings of the study were that sustainability on the whole is not

successfully translated into something that is sufficiently important to most architects for

them to give priority to these issues when difficult and conflicting decisions are needed.

The research also asserts that the aesthetic interests of architects are not effectively

considered in the alternative eco-architecture and sustainable agenda. Sustainability gets

'lost in translation' when various interested groups try to build their networks because

architects tend to create their own space between the networks, that is the one constituted

by aesthetics. The values and actions of architects require complex and difficult choices in

design and construction processes that are guided by more or less successful

translations. Fallan (2008) suggests sustainable approaches have a preference for
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instrumental and functional aspects rather than aesthetics and arguably do not fit well with

contemporary views of form over function..

George Monbiot, author, academic and environmentalist, in a newspaper article 'Our

craving for deception' controversially stated that "the only people I have met over the past

few years who haven't the faintest idea what man-made climate change is are university

graduates" (Monbiot 2008, p.29). Although a rather sweeping generalisation, even if

partly true it is a damning indictment of our current educational system that we still

produce graduates increasingly focussed on narrow subject-based degrees that do not

include education about one of the biggest threats to our existence, climate change and

global warming.

Often sustainability is seen as a branch of the built environment delivered in a modular

format that can suggest to students that it is an optional element rather than covering all

aspects of design, construction, operation and use. This dis-integration makes it difficult

for undergraduates and graduates becoming professionals, whose decisions directly

affect environmental, social and economic sustainability, to break away from embedded

theoretical norms that can preclude or sideline sustainability as an add-on. Much criticism

aimed at sustainable architectural solutions is that they are merely superficial gestures

with minimal impact, commonly called 'eco-chic', 'eco-bling' or 'greenwash.' Apart from

being technically ineffective these tokenistic interventions can convey a negative learning

experience, e.g. poorly oriented photovoltaic panels, installed mostly for aesthetic reasons

will produce low levels of electricity resulting in the perception that solar power is

ineffectual.

Built environment professionals are highly influenced by the technical, social,

organisational, financial, legislative and behavioural norms and rules introduced in their

early training experiences. One approach is to integrate environmental education into

existing curricula in the built environment sectors. This would involve architecture and

engineering curricula in the university, apprenticeships in the building trades, and even

training of owners and building managers (Hayles and Holdsworth 2008). There are a

growing number of sustainable construction training courses emerging "in programmes

related to architecture, engineering management, urban planning and environmental

issues.

Egri and Pinfield (1996) conclude that regrettably, many do not foster cross-disciplinary

collaboration necessary for a holistic approach to understand the relationship between the

built environment and the natural environment. However, professional bodies are
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increasingly becoming engaged in driving the agenda through the accreditation of courses

requiring sustainability in the curriculum. There is also a growing market in sustainability-

related continuing professional development (CPO) courses for post qualification

professionals, increasingly offered by mainstream organisations such as the Building

Research Establishment (BRE).

A limited number of universities are incorporating sustainability on a more holistic level

and this is true of some of the courses related to sustainable architecture aimed more

towards, and attracting students from a wide variety of disciplines, as witnessed by the

postgraduate courses offered by the Centre for Alternative Technology allied with

University of East London. Students work in multidisciplinary teams and report surprising

success in learning the basic assumptions and cultures of other disciplines allied with

sustainability. Education can also take place with current professionals practicing in a

variety of fields.

The traditional role of the architect in the process of creating buildings has changed

significantly from translating the promoter's brief into a finished building to effectively

becoming a design sub-contractor with a loss of influence over many of the project

outcomes. Naturally, architectural education reflects and potentially drives these changes

as industry demands change.

Walker (2001) criticises architectural studio design teaching as it centres on the individual

and is characterised by the absence of a real-life collaborative design approach and that

teaching focuses on the high-profile grand scheme rather than the modest commercial

buildings with realistic budgets and technologies, which are the staple of most practising

architects. The pedagogic justification for this is that if you can do the difficult design work

you can, by default, do the easier work.

Walker (2001) also asserts that a key characteristic of school studio projects are the lack

of consideration for concerns a client might have in relation to cost (viewed as a

construction matter), value (viewed as a property matter), return on investment or

commercial risk. He cites a lack of teaching in the economics of the built environment

which results in architects in practice who are not capable of engaging in meaningful way

with the property and construction industries.

He also cites a lack of collaboration, leadership and team-building training when working

with key project partners, particularly those involved in cost and value matters and argues

that the architect must be trained to appreciate when critical life-cycle cost information
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should be used. Discussions about sustainability without a supporting commercial case

are of little use in determining, or selling to clients, a particular design strategy.

Generally, an architect's training does not equip them to be able to demonstrate, both by

design and financially, that spending more money on a building can be a good commercial

decision as well as having better environmental and/or social dimensions. Although the

Royal Institute of British Architects (RIBA) Part 3 professional studies syllabus does

require an 'understanding of the social and economic context for investment in the built

environment', the bulk of the syllabus remains concemed with the management of

architects, the management of the building process and construction law.

The relative global success of British architects has also perpetuated the feeling that

changing the training and education of architects will destroy this reputation and the

teaching of pragmatic skills will inhibit the creativity of design work.

Despite Walker's criticisms from eleven years ago there still persists in many schools of

architecture and the built environment a highly subject-specific approach that in industry

require participation, collaboration and integration of disciplines. The formal bodies

representing the key built environment disciplines such as the Royal Institute of British

Architects (RIBA) Chartered Institute of Building Services Engineers (CIBSE) and the

Royal Institution of Chartered Surveyors (RICS) have in recent years tackled the issue of

integrating sustainability into courses they accredit which serves to bring about a degree

of educational change with potential for improvements in working practices.

The Egan Review Skills for Sustainable Communities highlights that a lot of work is yet to

be done in establishing an educational ethos amongst those who are responsible for

training built environment professionals in relation to the value and benefits of inter-

disciplinary working and collaboration because 'it is very difficult to do so' (Egan 2004).

The lesson can be hard to get across to students and even university staff. Frederick

(2007) and Cowan (2010) assert that many built environment professionals often feel, and

may well be taught from early on, that they alone have the ability to help shape a better

world, and other, perhaps less creative or less rational professions, represent obstacles to

the ability of their individual profession to achieve its own ambitions and aspirations.

Arguably, sustainability requires a higher order of interdisciplinary working because of the

use of innovative materials, methods and technologies. The sustainable agenda in

industry tends to move faster than in formal undergraduate education. There is a time lag

because of the filtering of industrial practice into set curricula which takes time to
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reconfigure and accredit and educationalists tend to represent their own period of training

and practice from the past. Of course universities can lead industry when academic

research is fostered to advance education for more collaborative, sustainable and

integrative practices.

Numerous universities challenge their communities to save energy, water and reduce

waste, challenging students in halls of residence to beat each other on savings. One such

initiative is 'Green Impact', an environmental accreditation scheme that encourages pro-

environmental behaviours. It empowers sustainability champions within their workplace,

helping them gain recognition for their environmental efforts whilst playing on the

competitive spirit of staff working in teams. It provides people and their departments with a

tangible framework for improving their environmental performance, breaking down

complex environmental issues into more manageable tasks.

In the field of successful organisational change for sustainable education Hunting and
Tilbury (2006) offer a six-point model:

1) Adopt a clear, shared vision for the future.
2) Build teams, not just champions
3) Use critical thinking and reflection
4) Go beyond stakeholder engagement
5) Adopt a systematic approach
6) Move beyond expecting a linear path to change

3.7 Chapter summary
It is argued that all stakeholders throughout the design, construction, operation and use of

buildings, in their attitudes and behaviours, should ideally engage with the sustainability

agenda, particularly if they are to deliver on national and global requirements to limit

carbon emissions. However this is not often the case and buildings present a complex set

of processes in relation to human behaviour where sustainability is often seen as an

inconvenient additional layer of complexity.

Organisational arrangements and cultural beliefs tend to perpetuate the status quo in the

built environment professions and limit the adoption of sustainable building practices.

Overcoming these obstacles will require alterations in organisations beyond new mission

statements and financial analyses. These changes must integrate environmental concerns

into the existing routines by which buildings are constructed, recasting them in ways that

are mutually beneficial to the objectives of individuals, organisations and the sustainability

of the ecosystem on which they depend.
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How we use building systems, services and appliances makes a significant difference in

pro-environmental behaviour and it can simply be a question of breaking unsustainable

habits and misperceptions that resources are abundant and our individual behaviour has

little impact. Such ways of behaving are shaped and sustained by the buildings we design,

construct, operate and occupy. As pro-environmental behaviour becomes more of a social

norm there is a growing body of evidence that peopie do forego selfish benefits and

assume personal responsibility and endure some personal sacrifice.

One key to encouraging pro-environmental behaviour is to remove social and economic

barriers. People consciously and sub consciously tend towards congruency in their

environments, therefore in a sustainable building where operation, services, technologies

and materials are inherently sustainable, it is argued that sustainable and ecological

behaviour is more likely to result.

Environmental psychologists and educators can be involved in the planning and design

stages of construction, and can even have a special role in evaluating completed

buildings, to determine whether the goals envisaged in the planning and design stages

are fulfilled in the completed building.

It has been identified that architects and educators need to understand each other and

develop a shared vocabulary encompassing educational theories, developmental

requirements, aesthetic theory, education for sustainable development and practical

issues of designing schools. Future generations will reap the rewards of this integrated

approach when they are able to occupy and use spaces designed expressly to stimulate

their natural curiosity, where architecture is not a vacuous space but a leaming tool to

encourage and instil sustainable behaviour.

The following chapter draws together the evidence gathered so far and highlights

opportunities for sustainable behaviour change during the building lifecycle as well as

barriers, risks resistance and opposition to sustainable construction in general.
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Chapter 4: Building Lifecycles & Behavioural Change

4.1 Introduction
Whilst the preceding chapters have focused on the theoretical and philosophical issues

surrounding sustainable buildings and behavioural change, this chapter investigates

practical opportunities and applications throughout the lifecycle of buildings for changing

the behaviour of individuals, organisations and institutions for greater environmental,

economic and social sustainability.

Great advancements have been made in terms of the design and construction of low

environmental impact buildings through technical innovation and an understanding of

sustainable design principles. However, no matter how good the environmental

credentials of sustainable buildings are, there are often ignored or unconsidered

consequences of the environmental impact of human behaviour as a result of design

decisions and construction practices on the performance of the building, often resulting in

large discrepancies between envisaged and actual social, environmental and economic

outcomes. Pro-environmental behaviour change is not currently one of the key behaviours

envisaged by all but the most sustainability-minded design teams.

Decisions made throughout the whole life cycle of a building will affect energy use, CO2

production, pollution levels, waste and the use of finite materials and resources, therefore

it is argued that human behaviour needs to be considered throughout the lifecycle of a

building, and sustainability should be considered from the outset to encourage, enable

and facilitate sustainable behaviour of all stakeholders. Buildings and landscapes have a

strong influence on our perception of the environment around us. A sustainable building

should explicitly and implicitly influence the pro-environmental behaviour of its desiqners,

builders, occupants and visitors.

Projects need to be controlled or influenced at every stage from inception to completion

and operation. Opportunities during the project cycle for influencing environmental and

sustainability issues are summarised below in Figure 4.1.
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Sustainability/environmental impact appraisal
of alternatives:

routes, sites, technologies
new build vs. re-use Feasibility studies
demolition etc

Life-cycle cost studies
Selection of advisers and design team

Brief writing, including
sustainability/environmental goals, targets etc Decision to construct
Stakeholder engagement

Project environmental policies
Innovative design solutions Outline designs
Performance specifications

Environmental Impact assessment
Sustainability appraisal Planning permission
Public/community engagement

Performance specification for systems and
products Scheme design stage
Life cycle and cost analysis

Materials/component specification
Contractor selection based on environmental Construction tendering
issues

Construction planning
Environmental management system Construction
Waste management

Final environmental performance
assessmenVverification Hand-over and
Energy/building management system commissioning

Performance in use
Post-occupancyevaluation Occupation
Facilities management/maintenance

Environmental evaluation of options
Adaptation for new use ~ Decision to
Demolition for recycling refurbish/demolish

Figure 4.1 Opportunities during the project cycle for influencing environmental and
sustainability issues. Source: CIRIA (2001, p. 57)
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4.2 Organisations, sustainable behaviour and buildings
The previous chapter focused on how individuals behave in relation to issues of

sustainability and the underlying psychological, pedagogical and emotional factors

affecting both barriers and drivers to effecting behavioural change in relation to the built

environment.

Professor Elizabeth Shove (2009) suggests too much responsibility is placed on the

individual, whether that is the architect or the eventual user of a building, which deflects

attention away from institutions that shape options and opportunities. A survey by the

Carbon Trust (Carbon Smart 2009) indicates that over 75 per cent of UK employees want

to work for organisations with active policies on cutting greenhouse gas emissions. The

same survey reveals that less than 20 per cent of organisations actually run an energy

saving programme.

Research by Allison (1971) suggests that information available to individuals regarding the

viability of green building options becomes a reflection of subjective organisational goals,

routines and culture as much as objective facts. Professor David Orr asserts that:

While we often speak of smart people, we seldom refer to smart organizations.
Organizations of all kinds have great difficulty in learning so that their collective
behavior often falls short of any reasonable standard of intelligence. Smart people
working in dumb organizations create shoddy products, self-perpetuating conflicts,
ecological ruin, boredom, inequality (and) idiotic doctrines. We do things in
organizations that no one would do, or admit to doing, as individuals.
(Orr 2008b, p.159)

Hoffman and Henn (2008) identify organisational barriers to sustainable construction as

being due to internal structure and interaction, language and terminology, rewards and

organisational resistance and are discussed below.

4.2.1 Internal structure and interaction
The design and construction of a building creates a distinctive form of organisation in

which a temporary culture becomes set, one which includes the roles, decision rules and

power balances among each of the team members. Power and influence in the team can

be a critical factor, often compromising the overall sustainability of the project as new

environmental technologies and practices are introduced. Often when sustainability

requirements are 'added' to a standard construction project, the roles and relationships

become reconfigured into a form that is outside the standard operating procedure. This

will invite resistance.

139



As discussed previously. structural relationships within the design and construction team

are traditionally linear; client-architect-engineer-contactor-subcontractor. which tends not

to promote integrated working or the tight integration of sustainable systems (water.

heating. power) needed in a high performing sustainable building. In a sustainable

building. the team must engage early on and in a more integrated and collaborative

fashion and incorporate a wide body of knowledge from a variety of disciplines. Team

members are challenged to discuss and adjust parameters that are traditionally made in

isolation.

4.2.2 Language and terminology

Many of the new sustainable technologies. processes. materials and standards involved in

sustainable buildings comprise of new terms that may not be understood or may be

misinterpreted and can therefore cause resistance to adoption. Also the language of

sustainability challenges conventional terminology requiring a new knowledge base.

Kempton et a/ (1995) propose this new terminology can identify participants in the team

who aren't yet embedded in the sustainable construction industry. Lack of environmental

literacy makes the link between energy conservation and climate change more difficult for

people to understand and creates a reduced sense of urgency or motivation for

addressing environmental issues, much less to develop sustainable building practices.

4.2.3 Organisational resistance

Peter Senge believes the core learning dilemma that confronts organisations is that "we

learn best from experience but we never directly experience the consequences of many of

our decisions" (in Orr 2008a p.159). Organisations tend to resist change (Kibert 2007).

People within them generally prefer long term certainty of structures and routines that

have been historically and habitually in place for a long time and resist the process of

changing them. Habitual routines can take form in 'taken-far-granted' design practices,

construction methods or operational routines. Typically. the costs of learning new forms of

sustainable design and construction practices are not charged to the client. With fixed

resources, architects and contractors must currently invest in this learning process

potentially to the cost of other critical activities. Arguably, the costs of such training and

education could be spread more evenly throughout the industry and by government

agencies.

Fear of the unfamiliar and policy uncertainty can also drive organisational resistance,

particularly when the consequences of change cannot be predicted and can put

individuals off embracing sustainable practices in the future. Psychological blocks can

prejudice managers away from certain actions or responses to demands for change. This

140



may deny a developer, architect or engineer any opportunity to consider longer term

gains. Cost is an important issue for the client and the design and construction industry

and when financial decisions are made on whether to invest in sustainable features and

funds are limited, often the sustainable option is the first to be rejected under the

justification of value engineering. There needs to be full consideration of capital costs

versus lifecycle costs and payback periods which are rarely factored in to project costs

and are often not seen as a priority for both architects and contractors. It is increasingly

difficult to quantify areas such as projected future energy costs.

Consideration for the adoption of innovative sustainable technologies requires more time

and effort. New technologies must be identified, integrated and tested as the technologies

themselves develop and improve. Time pressures can prevent full investigation and

solving of environmental issues in the production of sustainable buildings. Mintzberg

(1979) highlights that sustainable design and construction can challenge established

authority within organisations which can result in interdisciplinary rivalry or organisational

resistance. Chamberlain (2008) questioned whether the addition of a new skill set falls to

the architect, contractor, engineer or a new green or integrative design consultant?

Existing professionals in building design and construction may resist these changes to

protect their professional status. Arguably, it is the responsibility of the entire built

environment industry to upgrade sustainability skill sets, just as is it for health and safety

and other statutory obligations.

Howard-Grenville and Hoffman (2003) conclude that adoption of changes in practice is

easier if presented as a positive and attractive option rather than as an issue of sacrifice.

Some professionals are put off by the phrases 'green' or 'sustainable' buildings and are

much more engaged by terms such as 'smart', 'intelligent' or 'high performance' buildings.

The WISE building case study, investigated in the following chapters, has one of its main

design aspirations as having a clean, modernist and professional looking building,

deliberately avoiding references to its 'green' credentials in order to appeal to mainstream

organisations for holding exhibitions and conferences, with the strategic aim that the

sustainable features will impact in a more subtle and subliminal way and evidence is

presented to support this.

4.3 Changing behaviour through institutional change
Policy and technological innovations can strongly influence individuals and organisations

in their consumptive behaviour and arguably the greatest influencing factors in terms of

social, economic and environmental behaviour change for new buildings are the building
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codes and regulations. They do however have limited control over existing buildings that

require upgrading in terms of sustainability.

Barriers to sustainable construction can be perpetuated by rules, norms, and beliefs at the

institutional level. Organisations are inescapably influenced by the external environment

through both technical constraints such as raw materials, labour and energy, and through

social influences embodied in rules, laws, industry standards, established best practices

and conventional wisdom - collectively referred to as institutions by Scott and Meyer

(1992). Institutions present cultural and contextual constraints that alter individual and

organisational perspectives. Hoffman and Henn (2008) offer three categories under which

they analyse the influence of institutions on the adoption of sustainable construction

practices: regulative, normative, and cognitive.

4.3.1 Regulative considerations
Regulative or legal aspects of institutions are based on coercive or legal sanctions to

which organisations accede for reasons of expedience. Easterbrook (1995) asserts that

environmental standards have generally been beneficial and have produced positive

results. Problems and costs can arise from a regulatory approach to environmental

problems. Tenbrunsel et al (1997) propose that legal standards become an independent

force taking on a life of their own, leaving rationality, innovativeness and societal interests

behind. They suggest that suboptimal outcomes can result from an adherence to

standards due to a tendency for standards to direct attention toward the law itself and

away from the purpose behind the law, known in behavioural psychology as the 'mis-

directed attention effect'

For example, energy regulations for new construction may not be updated for several

years, and efforts to do so become protracted political battles that result in compromise

that presents a significant barrier in promoting sustainable design. Another example,

prescriptive U-values, penalise high thermal mass walls that contribute to passive solar

design. Once standards are written, decision makers within organisations often become

constrained by rigid rules that preclude the search for creative solutions to complex

environmental problems. At times, these standards can explicitly restrict environmentally

optimal solutions.

Tenbrunsel et a/ (1997) suggest a psychological explanation for the misdirected attention

effect, namely, that standard-based systems can change the incentive system for

individuals and promote self-interested behaviour that conflicts with overarching societal

interests. Hoffman and Henn (2008) found that unintentional actions can result from
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individuals 'just following the rules' or having a 'no law against it mentality.' However,

intentional actions include trying to 'beat the system.' Some have suggested that the

Building Research Establishment Environmental Assessment Method (BREEAM) system

itself has suffered from the misdirected attention effect. Critics charge that BREEAM has

become a 'point chasing' or 'tick-box' exercise with participants losing Sight of the

objectives of sustainable buildings, to minimise the environmental impact of the built

environment, and instead focus on achieving the highest rating with the least effort.

All construction projects need to comply with legislation. Legal requirements define the

minimum environmental performance criteria that a project should meet. Currently, many

environmental and sustainability targets are not addressed or enforced by legislation or

regulation. An early decision to be taken by the dient and design team is how far above

the minimum to aim and the degree to which these might be achieved, for example, very

low energy, zero or even negative (i.e. contributing to the national grid).

4.3.2 Normative considerations
Normative (or social) aspects of institutions are morally or ethically grounded, and

organisations will comply with them based on social obligation. These take the form of

rules of thumb, accepted economic indicators, standard operating procedures,

occupational standards, educational curricula, and membership requirements, which

emerge through universities, professional training institutions and trade associations. The

building industry is highly structured with standards set by a wide variety of organisations.

These organisations specify detailed parameters by which products must be made,

buildings must be built, and future professionals must be trained.

Hoffman and Henn (2008) assert that the integration of environmental concerns into these

standard setting bodies moves very slowly. For example, structural engineers feel secure

specifying concrete meeting the same standards they have safely used for years even if

new and more sustainable (but less familiar) materials meet the same or adequate

performance criteria, such as limecrete or rammed earth. Other market incentive

structures yield similarly environmentally inappropriate behaviours. Architects and

engineers are often compensated on a percentage of the cost of construction, essentially

penalising them for eliminating costly practices. Landlords have no incentive to improve

the energy efficiency of their buildings because tenants pay for energy costs.

Lovins and Lovins (1997) focus their research on energy pricing which allows regulated

utilities to increase profits based on increased energy use and, in effect, penalises them

for encouraging reduced energy consumption. As a result, shareholders and customers
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have opposite goals with increased energy use as the end result. Banks are unwilling to

provide financing for certain environmentally sound technologies fearing that they are

unproven or believing that they are unnecessary. For example, lenders will not generally

provide financing for renewable energy systems if more traditional and secure grid-

connected power is available. However, recent policy changes related to certain

renewable energy technologies in the form of subsidies such as the Feed in Tariff (FITs)

and the Renewable Heat Incentive (RHls) and the introduction of the Green Investment

Bank are proving to have a significant impact on the adoption of renewable energy

technologies but are sensitive to policy uncertainties. Building inspectors resist

innovations integral to sustainable buildings because they are new, unproven and in many

cases uncertified.

4.3.3 Cognitive considerations.
Cognitive (or cultural) aspects of institutions are the accepted beliefs and common

perceptions of behaviour which organisations will abide by without conscious thought and

are taken for granted and remain unquestioned, as described by Zucker (1983). These

are pervasive, powerful and resistant to change. The construction of the built environment

is a practice so old that it is not surprising to find innumerable unquestioned biases and

assumptions.

Institutional structures permeate our beliefs and thoughts. Coupled with individual and

organisational biases, they form systemic aspects of our society's resistance to the

adoption of sustainable building practices. Integrating a concern for social, economic and

environmental sustainability in the built environment will require adjustments in the overall

system in which buildings are designed, constructed, operated and used. Changing

practices will require addressing some underlying beliefs about why and how we build.

Strategies for overcoming the social and psychological obstacles to the adoption of

sustainable buildings as normal and mainstream practice fall into two categories

according, to Hoffman and Henn (2008): i) as an entrepreneurial opportunity or ii) as an

obstacle to be overcome. In both eases, strategies eannot be targeted strictly at the

individual, organisational or institutional levels. Successful strategies create behavioural

change across all three levels of analysis.

4.3.4 Further opportunities for behavioural change

Sustainable methods, materials and technologies throughout the lifecycle of a building ean

offer opportunities that are more economic and efficient than existing practices. If an

organisation begins to tackle sustainability issues for the first time it can begin to make
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significant savings relatively easily e.g. waste reduction and energy efficiency. Some firms

are more likely to capitalise on opportunities than others. An organisation's proximity to

final consumers makes the firm more likely to participate in environmentally-friendly

behaviour in response to green consumer demand. Moon and De Leon state that "these

organisations are more visible to consumers and susceptible to green publicity because

product sales are largely associated with the publicity" (Moon and De Leon 2007 p.484).

Berkhout and Rowlands (2007) noted that firms which publish environmental metrics and

espouse environmentalism as an organisational value are more likely to undertake

sustainable practices e.g. purchase green electricity. Building sustainably can create a

comparative advantage, even suggesting product-price premiums because of their green

reputational credentials. If social and psychological barriers are inhibiting other

organisations from realising such an advantage, entrepreneurs will step forward to fill the

void. There are many successful architectural practices, construction firms and developers

who have recognised this, often allied with genuine philosophical and ethical

considerations of sustainable building practices. Some new consulting firms provide an

audit and installation service of energy conservation technologies asking only to be paid

based on a percentage of energy savings.

Some insurance companies, such as the US Fireman's Fund (2006), recognise that

insuring buildings requires specialist knowledge of new building systems and offer policies

that assure damaged elements of buildings are replaced with green products or whole

buildings are replaced according to recognised environmental standards offering a

premium discount due to identified lower risk factors of sustainable buildings.

Some banks and other lenders are beginning to offer energy efficient or green loans, such

as the newly created Green Investment Bank, recognising that a building owner with lower

utility bills can afford a higher mortgage payment. Certification programmes (e.g.

BREEAM) fill a market void by making green labelling clear, transparent and objectively

defined. Such programmes have been central in overcoming the social resistance to

sustainable construction.

4.3.5 Agents for change

For fundamental behaviour change to occur it is important to identify and target

demographic adopters, prime movers who are more likely to accept new technologies and

to take risks on sustainable buildings. U.S. research by the Natural Marketing Institute

(2007) shows that certain elements of society are more aligned with environmental values

than others. Marketing professionals dub this demographic group LOHAS, signifying
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Lifestyles of Health and Sustainability, based on gender, age, education and income,

urban versus rural and political affiliation.

This research shows that women are generally more environmentally aware than men.

Young people tend to be the most environmentally aware group with the second most

aware group from 36 to 45. Environmentally driven choices tend to increase with both

education and income levels. People in urban areas tend to use environmental

considerations in their purchasing decisions more than people in rural areas and those

who support 'left-leaning' political parties believe in anthropocentric dimate change.

In a newspaper article by George Monbiot (2008) data from an ICM survey showed

people in social classes D and E (working class to those at the lowest levels of

subsistence) who thought the govemment should prioritise the environment over the

economy was higher at 56% than the proportion in classes A and B (upper middle to

middle class) at 47%. This indicates that rather counter-intuitively, environmentalism is not

just an issue for the middle-classes. The social grades referred to are taken from the

National Readership Survey, a commonly used market research standard (Monbiot 2008,

p.29).

4.4 Pre-construction and sustainable behaviour

4.4.1 Planning and pre-design
At pre-design stage the means of integrating sustainability and environmental features

must be identified and how they may be achieved by adopting appropriate plans and

systems of sustainable management and procurement processes. The sustainability

policies adopted need to translate into a consistent and coherent set of policies,

strategies, procedures and process for delivering sustainable construction. These

strategies and plans will be the foundation for managing sustainability issues throughout

the whole construction process and building sustainability principles and practice into

construction to deliver all round social, economic and environmental value to all

stakeholders.

The client must be fully open to the opportunities that sustainability can offer and address

these issues based on a good understanding and sound advice very early on. Most

difficult of all is assessing the value to a particular stakeholder of achieving performance

levels above minimum standards and requirements. Generally, the input needs to come

from environmental and sustainability specialists who can advise the client and provide a

co-ordinating function for the project with the necessary overview and breadth of
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understanding of the environmental, social and economic issues involved, and to co-

ordinate this across the entire design and construction team.

The development of new procurement strategies is an approach increasingly being

adopted by construction clients trying to achieve improvements in quality and value and to

allocate risk where it can best be managed. While the key factors in the delivery of

sustainable construction are the skills, experience and knowledge of the client and project

team, there is a growing body of evidence to show that adopting the appropriate

procurement strategy has a significant impact from a sustainability perspective.

The selection of a procurement route involves a systematic assessment of alternative

forms of contract available to the construction industry client, compared in terms of time,

quality, cost and sustainability. Each route places different demands, risk allocation and

responsibilities on all parties involved. Construction partnering agreements can encourage

clear guidance from the client, effective management of the project and good

understanding and sharing of environmental goals among the design and construction

team. Experience with similar projects and a variety of procurement routes is also a critical

factor.

The Egan Review (2004) strongly recommends the wider use of partnering to encourage

organisations to work together to improve performance through agreeing mutual

objectives. Partnering can help to resolve disputes, assist in continual improvement,

promote performance measurement, lead to a sharing of both positive and negative

experiences and assist in the recognition and allocation of risk - all essential

preconditions of achieving sustainable construction.

A critical part of any procurement strategy directed towards delivering sustainable

construction must be the selection of consultants and contractors with tried and tested

levels of commitment and experience. This is facilitated by the trend in construction

procurement away from fee competition, in the appointment of consultants, towards a

selection process based on the balance of quality and price, which followed the influential

reports on the construction industry by Latham (1994) and Egan (2004). Regardless of the

procurement method chosen, project partnering can achieve savings of 2-10% in the cost

of construction (OCG 2007).

4.4.2 Value management

Sustainable construction can often deliver added value to projects, and value

management can be a fundamental tool for ensuring this is maximised. The aim of value
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management is to ensure the client's objectives are fully articulated and understood, and

to meet these in the most efficient way. The process involves listing the client's needs and

prioritising them, under the guidance of an experienced facilitator. A value management

workshop can help the design and construction team meet the client's needs in a non-

confrontational environment. Value management differs from value engineering in aiming

to achieve best value rather than lowest cost. It can help meet common objectives through

reduced project time via project simplification, increased site productivity via better design,

allowing easier assembly, maintenance and demolition, increased certainty of completion

on time and to budget and reduced construction and life-cycle costs by having less

complicated installations. Value management takes account of factors such as:

• the balance between capital and operational costs
• innovative design alternatives
• the application of risk management
• environmental impact and sustainability
• life-cycle replacement costs
• buildability
• whole-life issues, including adaptability and eventual demolition

4.4.3 Benchmarking

In order to remain competitive, leading organisations need to compare their own products,

services and business practices with others, inside or outside their own industry, seeking

to identify and implement best practice. Benchmarking is a process for achieving continual

improvement by setting targets and measuring performance relative to the exemplary

practices of others. The idea of a benchmark is to provide people who are working on a

particular project with an indication of the environmental performance achieved by similar

projects. While not necessarily representing targets that must be achieved, it allows a

project team to choose whether it is going to aim to be typical or much better than is usual

in certain aspects of environmental performance. A benchmark may refer to relevant

products, processes and performance.

The Display Energy Certificate (DEC) calculates a non-domestic building's emissions per

square foot and then rates that building against others of a similar type, the higher the

rating the more energy efficient the building is considered to be. This can be misleading,

as buildings with a low occupancy level could have a higher DEC rating simply because

they use less energy overall, even though that usage may be more wasteful than a high

occupancy level building. A number of benchmarks are being developed to address these

issues, including the Low Carbon Workplace (LCW) standard which measures CO2

emissions per person per year. These enhanced benchmarks give a more rounded view

of carbon emissions for buildings.
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As already identified, the performance of buildings in use are often found to be at variance

with their designer's expectations, sometimes because of the unreliability of design

methods, but more often because the buildings have not been built as the designers

specified, and most likely because they are operated incorrectly by the buildi ng occupiers.

These sources of data can provide design teams with suitable benchmarks.

Leading companies in many sectors of business, including an increasing number of UK

construction companies, are already measuring and benchmarking their sustainability

impacts. These companies recognise that a reorientation towards sustainable

development is essential for ensuring their long-term viability.

4.4.4 Whole-life cost studies
Whole-life costing is gaining prominence for building projects. The owners of buildings are

beginning to look beyond a short-term view based on capital costs and are demanding

evidence of what the long-term cost of ownership will be. Methods of procurement, such

as private finance initiatives and public private partnerships, focus attention on the long-

term assessment of costs as a basis for investment decisions. Whole-life costing allows

purchasing and investment options to be evaluated more effectively by taking into account

the impact of initial costs, operating costs, management costs, maintenance costs,

disposal costs, opportunity costs and other costs such as insurance. This permits the

optimisation of construction spending and timing and allows for better long term

management of assets. Typical benefits of whole-life costing include:

Investment
• provides a balance between capital and operational budgets
• assesses alternative courses of action
• identifies cost effective designs

Future Proofing
• investigates the sustainable development of limited natural resources
• evaluates the burden being placed on future generations to maintain buildings and

infrastructure
• enables the financing of future commitments

Management
• addresses operating cost cash flows over the life of the project
• enables continuous cost management throughout the stages of design,

construction and occupation
• facilitates data collection and feedback from existing projects
• provides information for financial planning and analysis of future expenditure
• monitors the success of design options against estimated targets and highlights

possible areas of improvement
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Whole-life costing should be carried out by the client at various stages of the decision

making process, with appropriate refinements at each stage to reduce the uncertainty

inherent in construction and operational costs.

While the benefits of whole-life costing are becoming more widely understood, barriers still

stand in the way of a more widespread acceptance of the approach. The effectiveness of

whole-life costing crucially depends on the capacity to predict accurately both operating

and capital costs. This is not as easy as is sometimes supposed, since few organisations

have reliable data about operation and maintenance costs and the long-term performance

of components and materials. Long-term owners of buildings in sectors such as social

housing, education establishments, hospitals and hotels have an advantage here, but

even their historical data can be inappropriate for the type of sustainable buildings that are

being constructed today.

The benefits of whole-life costing also require the possibility in the project structure of

transferring the financial benefits of reduced operating costs into the capital budget for a

project. This is often, still, surprisingly rare. All projects should be set up to ensure that this

is possible. Typical examples include: design, specification and construction to avoid

maintenance and optimise durability and better insulation in the building envelope in order

to reduce long-term heating costs.

Different organisations will have different expectations of building life. Not all client bodies

want or need their buildings to last 60 or 100 years. At the end of a relatively short building

life, residual value and demolition costs may be significant factors. The arbitrary figure of a

60 year lifespan has its Origins in financial modelling, the time over which financial assets

are written down and pays little attention to social or environmental considerations.

Despite the general acceptance that buildings should last up to 60 years, there is growing

evidence, highlighted by Oliver (2012) that a minimum requirement for the lifespan of a

building, making longevity a key objective, would have a huge impact on the way buildings

are designed. The focus of the designers would then be on the performance of the

building in use rather than on the embodied energy of the original structure. The focus

should be on building sound, energy-efficient structures that will last several life spans,

with the energy efficiency built into the fabric. Proposals have been made to adopt a

longevity calculator to define a minimum acceptable lifespan for the main structural

elements of the building fabric. There is also the question of value - buildings that are

valued are more likely to last longer and be well-maintained.
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A long-term problem with sustainable buildings exists in terms of their becoming

redundant in the light of new technologies, methods and processes. A state-of-the-art

green building to suit client's business needs and public image can soon appear outdated

and even wasteful by new contemporary standards. At the current pace of innovation in

the sustainable built environment sector it is likely that a building would be lucky to keep

its position for more than about five years, far less time than the likely period for which an

owner-occupier might want to use it.

Future-proofing a building makes it possible to anticipate changes and trends so that a

building becomes amenable to the sort of changes that would be needed to improve its

performance and extend its usability. New sources of energy could be used, new IT and

other building services could be installed, a building facade could be replaced by one with

better thermal performance, the internal structure and layout could be altered to suit new

ways of using the internal spaces. The difficulty is being accurate with such predictions in

a time when innovation in this field offers many untried and untested options.

Designing buildings for flexible patterns of use and constructing them in ways to allow

minor adaptation such as re-routing services or installing more efficient solar technologies

is gaining popularity in the sustainable construction field. If flexibility or adaptability is

required it must be carefully specified in the design brief. Caution should be exercised as

it is easy to be over-confident about trends and end up building in too much flexibility and

adaptability, with consequent capital cost penalties.

Most buildings survive beyond their assumed life-span and often outlive their originally-

conceived function. Therefore, there is economic. social and environmental value in their

reuse either through adaptations to small changes of use. for instance internal layout or

major refurbishment, significantly altering the original building. If no plausible reuse can be

found demolition is inevitable and the most sustainable use of the embedded resources of

materials and components must be followed through the salvage. reclamation. reuse or

reprocessing for reuse. rather than consigning them to landfill. In this case it is highly

desirable to devise a waste management plan for demolition and materials segregation

and salvage.

Design for deconstruction makes the process of demolition easier and the potential for

reuse and recycling of materials and components more feasible. At design stage

hazardous materials should be avoided. but if used they should be identifiable and easily

separable to facilitate recycling. As with all issues that affect a building. they are best
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considered at the beginning of a project, for afterwards they are likely to be costly or

impossible to introduce.

4.4.5 The design brief
The design brief provides the basis on which scheme and detailed design can begin. The

identification of constraints that cannot be controlled by the designers is fundamental to

the preparation of a complete and comprehensive design brief. The accountability of the

design team for issues such as energy use, harmful emissions and waste generation

needs to be clearly acknowledged.

While traditional design and construction focuses on cost, performance and quality,

sustainable design and construction involves additional criteria - energy conservation and

efficiency, minimisation of resource depletion and environmental degradation, and

creation of a healthy pleasing and efficient built environment for living, working and

leisure. To deliver sustainable construction these factors must be given high priority in the

development of the brief.

An essential foundation of sustainable construction is the concept of eco-efficiency -

producing more using fewer resources and causing less pollution. Sustainable

construction means applying the concept of eco-efficiency across the full life-cycle of

building materials - from the acquisition of natural resources, transportation, product

manufacture and construction, installation and use, to their ultimate salvage or reuse.

Similarly important is the concept of 'dematerialisation' - the planned decline in material

and energy intensity in industrial production, distribution and construction through design

for disassembly. Cost-effective efficiency gains of more than 400 per cent have been

projected in some circumstances through the application of the principles of eco-efficiency

and dematerialisation.

Specifying sustainability and environmental performance can vary from rather imprecise

ideas of green building to very precise definitions. This is not only when the building is

being used, but also during construction and the manufacture of all components that are

used in its construction. A variety of means for describing and assessing environmental

performance are available, including the use of benchmarking, key performance indicators

(KPls), life-cycle assessment (LCA) and environmental assessment methods such as

BREEAM. By these means environmental goals can be incorporated into design briefs

and contracts.
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As the field of sustainable building advances, the standards that promote it must also

evolve. Dominant standards must promote green building as a holistic and accurate

process toward alleviating the impact of buildings on the environment. Standards should

give flexibility for the construction team to focus on the right sustainable building

technologies by developing site-specific and client-specific alternative strategies that

achieve equal or greater environmental benefits at lower costs. Standards should also

focus on the secondary effects of such regulatory programmes. Policies should begin to

move away from a focus on direct, marginal and incremental mechanisms for bringing

about individual change and should begin to stimulate both direct and indirect pressures

for industry-wide change. Specifically, attempts must be made to change core business

networks, such as financial markets, inspectors, insurance and consumer demands.

In addition to the mandatory standards enforced through the building regulations, there

are a range of independent standards and this study focuses on one of the most well-

established globally. BREEAM has developed over time to reflect the environmental

lifecycle of a wide variety of building typologies, assessing environmental, social and

economic impacts at each stage of design, construction, operation and use. BREEAM

assessed buildings are awarded credits depending on their environmental performance

and can achieve a rating of either unclassified, pass, good, very good, excellent or

outstanding.

The choice to opt into having a BREEAM accredited building is complex, not least

because of its perceived economic cost or value to a project and it can be an expensive

endeavour. A recent Building Services Research and Information Association (BSRIA)

report published in Public Sector Sustainability (PSS 2012) found that less than half of

respondents incurred significant extra costs on their latest BREEAM rated project, and

four in ten said they did not incur extra charges compared to a non-BREAM project. For

some respondents the additional costs of using BREEAM were seen as an investment for

the future, with payback coming from reduced building running costs. The main reasons

for adopting BREEAM certification were company policy/CSR (47%), planning

requirement (33%), and regulatory or procurement reasons (16%). Economic benefits

were low down the list.

BREEAM accreditation is encouraging organisations to reduce the lifecycle impact of their

buildings, demonstrating their environmental commitments by having a credible label they

can use and stimulate demand for sustainable buildings. The report also highlighted that a

deciding factor influencing the cost to a project of adopting BREEAM was the point at

which it was included in the design process. A number of respondents collectively
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acknowledged that the earlier the decision is made, the better the chance of keeping costs

down.

Negative aspects reported were the perception that BREEAM does not consider

operational costs and only 47% of those surveyed thought about operational costs versus

capital build costs, showing that current levels awareness are low. When asked if

respondents knew if the client recovered the cost of BREEAM 23% said they did not.

Two studies conducted by Jansz et al (2005) and by Surgenor and Butterss (2008)

respectively have shown that the percentage increase in capital costs when undertaking

BREEAM depends mainly on two factors; i) target rating; when the target rating is higher

the capital cost may be higher than less ambitious projects and ii) location; a building well

served by public transport and on a brownfield site would achieve a higher score.

Moreover, the capital cost increase in achieving a high BREEAM rating varies according

to the type of building assessed, as Jansz et al (2005) showed. The capital cost

percentage related to achieving a BREEAM 'Excellent' rating ranges from 0% for simple

naturally-ventilated offices to approximately 7% for more complex buildings.

In a pedagogical context, the BREEAM Education category 'Management 10-development

as a learning resource' assigns additional credits for integrating sustainable features in

buildings that have educational benefits for users, utilising the building and landscape as

an educational learning and teaching resource.

Innovation credits are also available for sustainable procurement, responsible construction

practices, reducing C02 emissions, use of low/zero carbon technologies, water

consumption and flood prevention, life cycle impacts, responsible sourcing of materials

and construction site waste management.

However, even when adopting this industry recognised standard there are many different

approaches to achieving a sustainable building under the BREEAM guidelines with broad

variability because of design limitations and/or low sustainable aspirations, wasteful

construction practices, poor operation and inefficient use of buildings.

Several aspects of defining environmental performance make it difficult to be as

prescriptive as structural, mechanical and electrical engineering:

• the number of environmental parameters is large and those related to human
comfort are partly subjective
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• the goal posts are moving - what was considered excellent environmental
performance a decade ago, is only average now

• benchmarking data is usually well behind best practice at a particular time, and
there are still many indicators of environmental practice for which no benchmarks
are available

• best practice is far ahead of statutory requirements and is currently self-imposed
by a particular client

It has been widely recognised that what is needed is an internationally agreed set of

common metrics for measuring building environmental social and economic impacts. This

will allow a means of measuring, reporting and verifying improvements in a consistent and

comparable way. This is happening in a joint partnership between the UNEP-SBCI (United

Nations Environment Programme Sustainable Building Climate Initiative), WGBC (World

Green Building Council) and SBA (Sustainable Building Alliance), supported by the

various rating tool providers.

4.5 The design phase and sustainable behaviour

4.5.1 Design for behaviour change

It is widely accepted that the greatest opportunity in the whole life-cycle of buildings to

impact sustainability is at design stage, both in terms of methods, materials and

technologies used but also by setting behavioural goals encouraging, influencing or even

manipulating the sustainable behaviour of individuals and organisations involved

throughout the process, from inception to operation in use.

The explicit intention to change behaviour through design interventions has been named

'design with intent' and 'persuasive design' by a leading practitioner, Dan Lockton (2010).

Lockton describes this as design that is intended to influence or result in certain user

behaviour. It is a strategic and reflective approach that recognises that designers not only

influence products and experiences but can design to address specific target behaviours,

such as sustainable behaviour. He has developed a toolkit of 101 cards that pose

questions to designers rather than give prescriptive answers. He calls these

'provocations'. Examples are shown in Figure 4.2 below.
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'Figure4~2Examplesof 'design with intent 'provocation cards Source: Lockton 2010

Lockton explains that the key is pattern recognition of the problem and quick matching to

possible moves to address it from multiple design-related disciplines during the early

stages of the design process. Clune (2010) undertook a four year action research study

whilst teaching Design for Sustainability (otS) and proposed that designers should

engage in design for behavioural change to encourage positive actions that contribute to a

sustainable society. He differentiates DfS from more traditional eco-design strategies that

rely heavily on technical solutions. Clune's study highlights that design for behavioural

change provides a process for intervening in unsustainable human activity, citing that

"design often holds unsustainable behaviours in place, making them difficult to overcome.

The potential for desiqn is to make our default actions more sustainable" (Clune 2010,

p.68).

McKenzie-Mohr and Smith's (1999) research on Community Based Social Marketing

(CBSM) highlights the need to prompt people toward more sustainable behaviours by

applying the psychological principles of behavioural change (as discussed in the

preceding chapter) which show strong correlations between designers' skill sets and

CBSM. Like the process of CBSM, design for behavioural change requires a clear

directive from the designer as to what behaviours are to be targeted. The more specific

the targeted behaviours, the easier it is to tailor an intervention.
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Hidden, positive actions that promote sustainability need to be made visible and desirable

in built form as social norms that can be readily followed. Creating norms through

visualising possible futures is a strategy that has a history of use in industrial design. The

visions presented by early industrial designers of possible futures conditioned our

normality and paved the way from those visions to become what is now our carbon-based

and unsustainable reality.

The issue is not only what design does to people but what people do with design
(Walker 1989, p.183)

Building design can influence user behaviour to reduce the social, economic and

environmental impact of buildings during design, construction and operation. Practitioners

who combine behavioural science and design have identified various interventions that

have an effect on behaviour change in relation to product design and many of these can

be transposed to built environment practices.

Building design-led interventions include building materials, technologies or techniques

which attempt to modify behaviour to reduce the environmental impacts of building design,

construction and use to facilitate all stakeholders in order to adopt ecological behaviour

through the prescriptions and/or constraints of use embedded within and throughout the

building, these interventions should ensure and maintain behavioural change. Such

interventions might include making the structure or operational systems transparent,

providing feedback on building performance, encouraging interaction with sustainable

materials or simply encouraging user-control of their environment by incorporating

openable windows.

Specific behavioural goals must be identified and set for the design plan, although a

behavioural goal is just one of several types of goals that must be considered, including

structural, financial, aesthetic and others. Those target behaviours serve as the starting

point in the search for sustainable features that might support or facilitate them. Then the

design or plan elements that are identified as likely to enhance the behavioural targets

must be incorporated into a complete design or plan that specifies materials, layout,

technologies, pedagogical considerations, sizes of spaces and relationships among those

elements. This may require the resolution of serious conflicts between sustainable

behaviour-related goals and the interests of other parties to the design or planning

process.

Sustainable design needs new ways of thinking and working, and people prepared to take

the time for this to happen.
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Addis and Talbot (2001) suggest seven key aspects to managing suslainability and

environmental issues during design:

• Ensure environmental performance and suslainability issues are on the agenda of
appropriate project and design team meetings

• Ensure the client's environmental or sustainable aspirations and policies are
covered in the project design briefs in ways that can provide the design team with
the appropriate direction

• Define appropriate sustainability and environmental performance criteria and
targets

• Ensure the design team has appropriate knowledge and skills to undertake the
environmental and sustainability aspects of the design or, if not, seek appropriate
specialist advice

• Arrange regular assessments of the project's predicted
environmental/sustainability performance in order to monitor progress towards the
targets stated in the brief, e.g. BREEAM rating

• Ensure adequate interaction between members of the design team in relation to
preparation of environmental impact and intended sustainable behaviour
assessments. This will instil a thorough understanding of the impact of their
decisions and actions.

• Provide reports on progress during design to the client, project manager and
design team including a full set of environmental performance and sustainable
behaviour targets, for both the construction and operational stages of the project.

(Addis and Talbot 2001 p.14S)

4.5.2 Integrative design
Integrated design characterises what architects do when they incorporate the energy, site,

and climatic, formal, construction, programmatic, regulatory, economic, and social aspects

of a project as primary parameters for design. Reed (2009) contrasts the term integrated

design with integrative design, arguing that the former implies something that is past and

completed and the latter which suggests an evolving, rather than a fixed process. The

term integrative design is adopted in this study as an exemplar of best practice.

The integrative design process is a collaborative approach to building design which places

. a strong emphasis on cross-team integration throughout the development process in

pursuit of a 'whole building' holistic design. In conventional building design a project

develops through a strict and rigid chain of milestones and hand-offs e.g. owner

requirements to architect, architects concept to structural engineer, structural design to

mechanical engineer etc. This conventional approach means that key members of the

design team are often excluded from the critical planning stage, and with the lack of their

expert knowledge and inSight the project can progress in the wrong direction for a

significant period of time before serious underlying problems are identified. This leads to

inefficiency, higher capital costs, time delays and over-sized services, and so on.

158



With an integrative design process all key members of the multi-disciplinary design team

are included at the very beginning of the planning stage, from the initial conception of the

building itself. In this way all major design decisions can be carefully considered in relation

to other disciplines from the outset. This avoids abortive work resulting from single-minded

decisions and increases overall project efficiency. Interdisciplinary procedures raise

awareness of other disciplines concerns and add to the holistic design approach.

Infradisciplinary working, where one person works within the discipline of another, is also

a highly effective way of understanding different roles within the design team with the

opportunity for changing knowledge, attitudes and behaviours.

An integrative design process - starting from a shared vision - can address many of the

problems associated with current mono-disciplinary practices and helps to ensure that

sustainability objectives are managed and met in a comprehensive and co-ordinated way.

However, in a recent article by Dr. Andrew Flood (2011) it was argued that the property

and building industries are fragmented. He highlights that employers often separate

development teams from asset management teams, while contractors are appointed

separately from facilities managers. This does not help with joined-up thinking in terms of

building design, procurement and life cycle matters.

Assembling a design team with clear commitment to the concept of multi-disciplinary

working - shared by the client and contractor - is an essential pre-requisite. Spending

time up front can save time and money later in the project when difficulties caused by lack

of co-ordination or integration are avoided. Such understanding is leading to a

fundamental review of the design process and the role of design professionals within it.

Clearly, the design of a building has long-lasting implications on its surroundings,

infrastructure, constructors, occupiers, operators and a whole myriad of people engaged

in its operation and use. A particularly illuminating social theory approach to viewing

architecture as an integrated process is actor-network theory (ANT) developed by science

and technology studies scholars Michel Callan and Bruno Latour, the sociologist John

Law, and others.

As presented by Fallan (2008) architecture can be seen as a process and socio-technical

network of complex interactions between people and artefacts. Typically, 'architecture

critics see the conclusion of the work at its most pure and uncontaminated at a single

point in time. This is how architecture is usually portrayed in architectural journals and

books, without seeing construction sites or buildings in use, devoid of the human aspect,

despite the rhetoric of architects speaking of places for people and social interaction.
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Fallan calls this the "stasis of perfection" (Fallan 2008, p.S8) which ignores the post-

occupancy phase of a building when users have been shown to have a powerful impact

on the use, form and performance of a building. So to understand sustainable architecture

one should examine what its users make of it. This justifies the use of the case study

approach, not just focussing on design and construction but also the operation,

performance and use of the building through interviews and questionnaires.

Gieryn (2002) counters the classical dualist perspective of architecture, with human actors

being separate from structure, reinforcing the idea that architecture is socially formed and

that architecture also informs social behaviour, whilst in tum being continuously

transformed by social attitudes. This supports the main hypothesis that sustainable

buildings and sustainable behaviour have a reciprocal relationship.

This was recognised by Winston Churchill in a well-known quote after the bombing of the

House of Commons in 1943 "we shape our buildings, and afterwards our buildings shape

us" (in Gieryn 2002 p.35).

Gieryn goes on to assert that the ANT method is strongest when one aspect of a

building's design is analysed and demonstrates how different concerns from different

actors are consolidated and translated into a particular solution. This strongly supports the

application of ANT to the design, construction, operation and use of sustainable buildings

and to view architecture as a collaborative process requiring the integration of many

actors, particularly as buildings and systems become increasingly focussed on

performance and sustainability.

Fallan (200S) highlights perhaps the most provocative and controversial aspect of ANT as

the concept of non-human actors and their influence on networks. Artefacts as actants

relate well to architecture, as architects have a special sense of the properties of materials

and material objects and an acute awareness of, and interest, in the impact that our

material surroundings have on us. Materials possess distinct characteristics, qualities and

capacities. This is particularly true of sustainable materials which are key actants in the

sustainable building network with implications on health and well-being, biomimcry,

vernacular architecture, locality and embodied energy.

According to ANT a building is a technological artefact constructed by a multitude of

actors.

As soon as the word 'construction' succeeds in gaining some of the metaphoric
weight of building, builders, workers, architects, masons, cranes and concrete
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poured (or more sustainably, earth rammed) into forms held by scaffolding, it will
be clear that it is not the solidity of the resulting construct that is in question, but
rather the many heterogeneous ingredients, the long process, the many trades,
the subtle co-ordination necessary to achieve such a result.
(Latour 2005, p.46)

"Architecture is not the work of architects" according to Fallan (2008). He asserts that

"architects are important as actors in the network that is the production of architecture but

are only one group among many. Equally, engineers, contractors, consultants, masons,

carpenters, electricians, politicians, planners, owners and users are key, and these are

just the human actors" (Fallan 2008, p.90).

Essentially then, ANT suggests architecture is the co-production of humans and non-

humans. Non-technological aspects of a building are considered in a broader sense. It's

not just about erecting a building, but about co-producing architecture as both nature and

culture, both matter and meaning, both artefact and belief. This philosophical approach is

closely aligned with the production of sustainable buildings that require a greater

consideration of social, environmental, economic and technical solutions which aids the

analysis of the case study buildings presented in the proceeding chapters.

According to Lee (2007) there is much ambivalence towards issues of sustainability within

architecture. Some architects are very committed to sustainable practice, some are very

sceptical about it and some, while sceptical of the oversimplification of ideas of

sustainability, are taking a thoughtful approach to exploring the concept and its

implications in more depth.

Often the architect is spoken of in singular form whereas an architectural office can be a

large organisation comprising of many individuals. Architectural prizes are awarded to the

head of the architectural office even though the project will be an amalgamation of many

people. This has resulted in the evolution of the 'starchitect' that we now associate with

iconic buildings as personal expressions of architectural philosophy. They are considered

celebrities and venerated as the ultimate creators of structures that inevitably university

graduate architects seek to emulate. Architecture is portrayed as an autonomous 'objet

d'art' and the architect is eulogised as the sole creator.

The personality cult is still prevalent both in architectural history but also to a large degree

within the (contemporary) architectural community. These conventions can be challenged

and explain to some degree why the architect himself has been isolated and viewed as

the personification of architecture taking on a heroic appearance. The transparency of the

architect's thought and process is key in the adoption of sustainable building practices and
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the traditional role of the architect needs to be challenged and transformed if more

sustainable building practices are to be adopted, this is arguably most advanced in the

field of sustainable architecture because of the need for collaboration.

Colomina (1999) suggests that architectural critics and historians are shifting their

attention from the architect as a single figure, and the building as an object, to architecture

as collaboration. Attention is paid today to all professionals involved in the project:

partners, engineers, landscape architects, interior designers, employees and builders.

With this shift, methodologies of research necessarily change. This is particularly true of

sustainable architecture requiring a holistic understanding of traditional, new and

emerging sustainable practices, materials and technologies.

There is no class or style of design which is unequivocally sustainable
architecture, and no fixed set of rules which will guarantee success if followed.
Rather, there are difficult interrelated decisions to be made and that architecture
should be looked at as a cultural product that needs to be judged as an integrated
entity while recognising that it is simultaneously coming from multiple origins or
objectives. Buildings cannot be pure expressions of sustainability because that is
never the sole objective. Indeed a true expression of sustainability may often be
not to build at all.
(Williamson et aJ2oo3, p.127)

Warwick Fox uses the term 'responsive cohesion' to describe "a state in which the various

elements of a process (design, construction etc.) exhibit a reciprocal interaction between

elements that constitute the process, and the context in which it is located" (Fox 2000,

p.22S). Fox argues that upholding the principle of responsive cohesion in sustainable

architecture entails responding to ecological, social, and built contexts in that order of

priority. The responsibility of the designer is to create a design that exhibits responsive

cohesion in all these contexts weaving together the ethical, human, scientific and

aesthetic.

Certain software technologies are catching up to these social developments within the

architecture, engineering, and construction industries. Building information modelling

(BIM) promises to more intimately connect formerly disparate disciplines through

streamlined communications and computational abilities.

Williamson et aJ conclude that "integrated design needs to focus on processes followed

rather than design results - reconceptualisation of architecture in response to a myriad of

contemporary concems about the effects of human activity." (Williamson et aJ 2003,

p.136).
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It has been clearly established by Bell & Fisher (2001), among others, that behaviour and

environment mutually affect each other and Zeisel (1984) states that: "environment-

behaviour researchers need to participate in design decisions as part of the design team

in an attempt to put greater emphasis on building users and their effect on the

performance of the building as well as the effect of the building on the (pro-environmental)

attitudes and behaviours of the users" (Zeisel 1984, p.53). This suggests that wider

involvement of the social psychology disciplines, and in particular environmental

psychologists, in the provision of the built environment is needed and more integrative

design practices should be adopted.

Bennetts and Bordass (2007) suggest there is lack of understanding by designers for the

quantitative targets they set out to meet as well as the impact of key design strategies.

They cite that some architects rely heavily on other consultants, including services

engineers, to come up with the figures, effectively abrogating their responsibility for

producing genuinely integrative design solutions. They suggest that designers should be

able to understand quickly how a design change will affect energy use and CO2 emissions

and what it is worth in capital cost terms so that good ideas are not stripped out just

because there isn't a robust argument to justify them. VVhendeslqners develop their

designs in a way that assess the impact and benefit of what they wish to do, science and

art come together.

The Bishop Review highlights a move away from 'best' practice into 'next' practice and

asserts that, "the real impact of design in the built environment is felt not only through

major projects but the design of everyday places and buildings. It is from the cross-over of

architecture, landscape, engineering, construction and environmental technologies that

'next practice' will emerge" (Bishop Review 2011, p.5).

4.5.3 Systems and complexity

The involvement of a wide range of participants in identifying and evaluating design

problems can lead to a deeper and more extensive understanding of the client's

requirement, especially where complex sustainability issues are involved. It can also lead

to positive outcomes where single investment of resources can deliver multiple benefits if

properly applied. To work, it is necessary to apply 'systems thinking' to construction

projects to know exactly where and when to intervene to gain maximum leverage.

As discussed in chapter 2, the way humans generally tackle complex situations is to try to

break them down into manageable parts. This reductionist approach has its strengths but

critics also highlight the limitations of this predominantly scientific view. This section
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investigates the intersection between building design and sustainability and how

knowledge about buildings can be structured into a logical world view based on the theory

of system behaviour. Systems psychology is a branch of psychology that studies human

behaviour and experience in relation to complex systems.

It is an approach in which groups and individuals are considered in homeostasis (a stable

and relatively constant condition). What stops people changing unsustainable habits is a

desire to maintain stability, we view change as undesirable unless it is very slow. Systems

theory deals with relationships between parts. Williamson et al state that "although it is

inherently reductionist, the emphasis (of systems theory) is on trying to understand these

relationships rather than simply the reduction into parts" (Williamson et a/2oo3, p.81).

In a similar way the view of an entire building may be disaggregated into physical and

societal processes that form complex subsystems of the whole system. A building may be

regarded as an open system (Katz and Kahn 1966) interacting with other systems or

environments extemal to itself. Williamson et al (2003) suggest that the common aim of

sustainable architecture is to create more closed systems in buildings, by feeding back,

for example, through recycling and therefore minimising the import of materials and export

of waste. The input and output rules are easier to satisfy because there are less of both.

The triple bottom line of economy, society and environment represents three conceptual

subsystems applied to sustainable development which are useful for general development

issues but when actual buildings are considered two other subsystems appear absent -

the building and the building users. A suitable building system model should be able to

deal with the requirements of all stakeholders both human and non-human. Again,

Williamson et al provide a cogent example:

The adverse impact of emissions produced by a building, such as off-gassing of
materials, may have an effect on the health of the occupants, the economic
subsystem in terms of productivity, as well as the surrounding environmental
subsystem. Similarly, the social relevance of a building is integrally bound to how it
meets stakeholder needs and its economic viability.
(Williamson et a/2003, p.85)

Bennetts and Bordass (2007) recognise that one reason why buildings don't work well is

their unmanageable complexity and they advise building designers to keep their designs

simple and well thought out and only after that to be clever. They highlight that too often

designers are rewarded for add-ons such as solar panels when much more CO2 would be

saved in other ways and at much lower cost and suggest they pay more attention to the
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design, installation and user interfaces of the control systems, focussing on simpler

solutions.

I can foresee passive approaches being sidelined in the rush to add renewable

technologies. We can improve building energy performance by 50% or 60% over

standard benchmarks by re-engineering the structure/mass and fabric/cladding.

There is less to be gained from re-engineering the environmental services

elements if the envelope of the building has been properly designed and

engineered. (Bordass 2009, p.2).

This is known as the 'fabric-first' principle and Bennetts and Bordass (2007) cite inefficient

glass buildings facing south that get burdened with mechanically operable dadding

systems, over-sophisticated glazing, complex lighting controls and so on, which promise

to make it work but always fail in some way. There can be an over-reliance on designing-

in building management systems (BMSs) and computer operated services which can be

surprisingly difficult to control and change with no real audit trail on commissioning or

programming. Users may not have the necessary skills, so designers should keep things

simple.

4.5.4 Participatory design

Participatory design is an element of integrative design which actively involves the end-

users in the building design process in order to help ensure the building meets their needs

and is usable. It has particular currency to planners and architects, in relation to place-

making and regeneration projects and potentially offers a far more democratic approach to

the design process by incorporating a variety of views with a greater opportunity for

successful outcomes.

Studies in small group behaviour have produced evidence for the 'participation

hypothesis', Verba states that "significant changes in human behaviour can be brought

about rapidly only if the persons who are expected to change participate in deciding what

the change shall be and how it shall be made" (in Taylor 2009 p.271).

Henry Sanoff (2000) a community design specialist, believes that participation allows

users to feel as though they are a meaningful part of the design process instead of having

a building design imposed on them, as passive consumers. Through user participation,

designers can learn more directly about how people feel about design issues and how

they use the building. Participation instructs users in important issues about the building

165



process and the social, environmental and economic factors in making a building project

happen. User participation positively affects the end product.

According to Sanoff, from his experiences of involving users in the design process "the

most satisfaction gained is not so much the degree to which their needs have been met

but...the feeling of having influenced the decisions." He goes on to state that "this

increases people's awareness of the consequences of the decisions that are taken"

(Sanoff 1990, p.23).

Participants directly experience the roles of architects and planners while gaining an

appreciation of the consequences of their decisions. Participation workshops also have an

educational purpose, since participants become acquainted with relationships between

human behaviour and the environment.

Andrea Wheeler has studied educational buildings and participatory design with children

as a vehicle for encouraging sustainable lifestyle and behavioural change. She states

"participatory design can extend from very basic consultations over interior decoration, to

children designing and building their own schools. Participation can range from uncritical

forms of consultation to those that seek to explore power relations in depth" (Wheeler

2009, pA). She cites workshops with architects where pupils were involved in planning,

modelling, architecture and construction. They were encouraged how to design and how

to think about the space they inhabited, the amount of room they needed and how to

provide light, ventilation and avoid overheating.

Wheeler argues that many participation exercises are at best uncritical of current social

and educational paradigms, the ethical and theoretical motives or backgrounds

underpinning modem building methods. She states that

The implications for policy are profound. Challenging deeply entrenched,

environmentally destructive presuppositions underlying behaviour is essential.

Whilst the need for lifestyle change is recognised, young people still have to

reconcile such ideas with potential conflicts involving consumerist norms. If

sustainable development is to be honestly and effectively encouraged, young

people will need to enter into a discussion of community, relation, social cohesion

and all the political and philosophical complexities this entails.II

(Wheeler 2009, p.13).
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MacNaghten states

the practical challenges for such (sustainable) initiatives are far-reaching and

would involve sizeable shifts in the culture of planning and building practice: if we

are serious in understanding the conditions for a more sustainable society, we

need to recognise that the more directly involved are people in the construction

and preservation of their dwellings, the more likely they are to care for and cherish

the planet we all inhabit. (MacNaghten 2001, p.92)

One argument why participatory design strategies have yet to come fully to the fore is that

architecture is lacking a robust and proficient knowledge infrastructure to make available

knowledge more transparent and to disseminate it in a way that improves design practice

and, ultimately, the quality and sustainability of our built environment, as discussed

previously in Chapter 3.

4.6 The Construction phase and sustainable behaviour
Considerable opportunities exist for influencing the sustainability of a building project

throughout the construction phase. The combined skills, abilities, attitudes and behaviours

of all operatives, from site workers, sub-contractors, site managers, architects, project

managers etc., in interpreting sustainable design solutions to on-site practices can have

significant implications for the environmental performance and social aspects during the

construction phase and of the building itself and ultimately the sustainable behaviour of its

users.

Constructors have many and varied roles in the building process. They are responsible for

the procurement of many of the materials and components that go into a building. They

select suppliers for the majority of these and store and process them on site. They

manage the construction site, or in the case of sub-contractors, their contribution to its

operation. They deal with labour procurement and community impact issues and control

wastage and disposal on site.

Implementation of a design or plan is rarely straightforward. Construction from a design

involves complex negotiations that may have a profound effect on the degree to which the

sustainable goals of the design are realised. Inaccuracies in initial cost estimates often are

at the root of such difficulties.

Construction teams must alter their structural arrangements and processes to adopt a

more integrated approach for handling sustainable construction issues. Collaboration that
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moves beyond the linear process by which buildings have been traditionally built begins

with design 'charrettes', commonly defined as a method of organizing thoughts from

experts and users into a structured medium that is unrestricted and conducive to the

creativity and the development of the design. These should include all engaged parties -

owners, developers, contractors, engineers, architects, local community, social

psychologists and educationalists.

Early involvement allows design consultants and constructors to appreciate the reasoning

behind decisions and to identify the impacts in their own area at an early stage. This can

contribute significantly to the profitability of a project by ensuring that everyone is fully

aware of their role and responsibilities. Such an involvement also allows opportunities to

be identified that might not otherwise have been considered. Greater co-ordination

between design disciplines and constructors can avoid many of the common causes of

delays and cost over-runs experienced in construction

Furthermore, contractual relationships must be changed to accommodate innovation. True

integrated design includes a contract whereby the owner, architect and contractor agree

to share all the risk and reward according to a preset agreement. In these new contracts

there is an agreement against litigation and limited provisions for dispute resolution. This

will foster a cohesiveness that the parties are all in it together and less adversarial.

Contractors and sub-contractors often perceive sustainable construction methods,

materials and technologies as a threat to their traditional working practices, largely in

terms of increased costs and time, but also through fear of the unknown. If the

opportunities are framed and communicated correctly by designers and developers they

can move beyond this perception. For example, a plumbing sub-contractor may only see a

sustainable building feature, such as the installation of waterless urinals, as a lost

opportunity for copper piping work. A wise advocate would point out to the same

contractor how the incorporation of sustainable technologies adds an entire second

plumbing system when integrating grey water systems in a building.

Sustainable construction requires new technologies, materials and methods, and

constructors' caution is often shown through higher pricing or outright refusal to perform

the work. These actors justifiably fear that failure of equipment or systems will fall on their

shoulders. Engineers or architects who are familiar with the sustainable features can

reduce this fear by offering some form on indemnification for certain conditions of failure.

Contractors could be provided with liability limits should the technology or system (and not
the installation) fail.
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4.6.1 Procurement
Many client organisations will have an environmentally-responsible or green purchasing

policy for the products and materials they use and some continue the scope of such a

policy to the buildings they procure. Material selection can have a significant effect on the

environmental impact of a building and the following illustrate the many opportunities

available:

• Use of recycled aggregate, timber or steel may be specified in some or all of the
works

• Certain materials, such as PVC, may be prohibited in favour of environmentally
benign alternatives, in all or part of the project

• Timber may be specified to be sourced from renewable or sustainable sources,
and proof of origin may be required, for instance by means of the Forest
Stewardship Council (FSC) scheme

• Materials may be specified to be supplied from local sources to minimise
construction transport

• It can be specified that there be no import or export of ground materials, therefore
requiring cut and fill to be precisely matched.

Research by Scrivens (2011) has shown that despite 71% of organisations stating that

they have a sustainable procurement policy. only 1 in 4 procurement managers would

reject a potential supplier based on failure to meet sustainability criteria. Unsurprisingly,

cost reduction remains the highest priority for 89% of procurement managers, with only

52% reporting a similar level of concem for environmental issues. 2% of respondents felt

that waste reduction would be the primary benefit of taking environmental issues into

account when selecting materials and products, while 80% believed that energy efficiency

would improve. Only 46% anticipated that there would be lower costs.

Certain requirements for construction processes can be included in tender documents.

Water-intensive processes may need special attention to avoid contamination of water

courses or ground water or damage to local flora and fauna as well as conserving

increasingly scarce water supplies. While it is not yet likely that the construction process

will need to meet energy targets, it is increasingly considered best practice to record and

report how much energy and water is used in the construction process. This information

can contribute to a database, which will enable benchmarks and performance targets to

be specified in the future.

Tender documentation can also include requirements concerning waste. 420 million

tonnes of materials are used in the construction of buildings in the UK each year (Lazarus

2002) which accounts for 30-50% by volume of all manufactured goods, excluding food

production (Roaf 2004). 120 million tonnes ends up as waste from construction,
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demolition refurbishment and excavation processes and it has been estimated that 20

million tonnes of unused materials end up in landfill each year ryJRAP 2007).

Good practice in waste management is now easy to find and carry out. As information

about good practice increases, contractors are starting to be required to meet targets for

waste removal from site, minimum proportions of waste recycled and maximum limits

going to landfill. It may be appropriate to prohibit sub-contractors from leaving packaging

materials on site by meeting the cost of its removal, taking it away themselves or even not

being allowed to bring it on to site.

Over their entire lifecycle, materials used in construction contribute a significant amount to

the environmental impact of the construction sector in terms of the extraction of finite raw

materials, their processing, transportation, manufacture into building products, packaging,

installation on-site and their destination after primary use.

In order to reduce the environmental impact of building materials those responsible for

creating and maintaining our built environment must engage with sustainable material

issues at each stage of procurement, design, construction and beyond the design life of

the materials. For example, during the construction phase alone, research by Gonzalez

and Navarro (2006) has shown that CO2 emissions can be reduced by as much as 30%

through a careful selection of low environmental impact materials.

The issue needs to be addressed across the whole construction cycle from the brief

through to construction of the project and beyond the life of the building. This has led to

the development of a range of analytical techniques collectively ca lied environmental life-

cycle assessment (LeA). There are also number of guides, resources and initiatives

aimed at tackling the environmental impact of construction materials, including the

Building Research Establishment Green Guide to Specification (BRE 2009) and the

Waste & Resources Action Plan rNRAP 2007) 'halving waste to landfill' initiative.

However, research by Greenspec (2010) has shown that there is a quite disparate body of

existing data related to the sustainability credentials and environmental impact of

construction materials due in part to the complexity of the market with a wide variety of

materials and alternatives available, lack of comprehensive research in this field and often

unsubstantiated manufacturers' claims. Therefore it is difficult for built environment

students and professionals alike to access clear, concise and impartial data without

undertaking time-consuming information-gathering and research activities.

170



4.6.2 Selecting contractors and suppliers

A requirement of achieving good environmental performance during the construction

phase of a building project is to ensure that contractors and suppliers are selected partly

according to their sustainable performance and understanding of key environmental

issues. Bidding contractors should recognise the importance of good environmental

practice and the tender documentation can highlight benefits and incentives for the

contractor, such as reduced landfill disposal costs from recycling, increased efficiency

from better site management and improved health from lack of toxic materials.

Contractors should provide evidence of their commitment to sustainability and their

understanding of any unique aspects of a project. This should include many of the

following:

• a company environmental policy
• a sustainable purchasing policy
• the method of implementation, including an environmental management system
• awareness of environmental legislation
• training for permanent and sub-contract staff
• evidence of environmental audit trails for their products
• evidence of imaginative community/public relations on sites
• experience of Considerate Constructors Scheme
• on-site validation procedures for material and products and evidence that such

issues are understood
• method statements for waste, water and other resource management
• proposals for innovative environmental benefits to be achieved
• records of awards for environmental excellence

The role of constructors in commissioning can also have a significant impact on the

ongoing operational performance and efficiency of a building. The commissioning process

is one of the key areas of concern in achieving a building that operates efficiently and is

free of defects. On the majority of construction sites, this process is limited by time and

cost. In many cases, commissioning is insufficient to ensure that the full potential of the

building is met and that systems are operating as intended by the designers. It is not in.
the constructors long term interests for commissioning periods to be sacrificed because of

project overruns and it is the responsibility of the constructor to ensure that this does not

happen.

Commissioning periods are often cut or run in parallel with other operations, which

compromises their reliability and increases the likelihood of delays. This is costly, time-

consuming and disruptive to tenants, developers and investors. It also strongly influences

the success of a construction contract, and so affects the potential for future contracts.

Contractors who practice good environmental and sustainable procedures can establish

prominence in the market place and experience business rewards from achieving high
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levels of sustainability. Among the specific benefits and rewards that can be achieved by

following environmental good practice behaviours are:

• less money lost through waste
• less raw materials needed
• reduced cost of storing and transporting waste
• less waste to disposal as landfill
• Prefabrication and off-site working is safer than traditional methods reducing

health and safety problems on site.
• income from sale of some waste, for reuse and recycling
• less time and money spent repairing environmental damage to site
• less money wasted on dealing with environmental legislation infringements
• better workmanship and fewer construction defects resulting in fewer recalls for

repair post-construction
• improved corporate image and reputation, increased market appeal and market

share resulting from contracts awarded on basis of environmental and social
responsibility

• less likelihood of convictions for environmental offences
• improved communication through teamwork and involvement in design process

4.6.3 Sustainable construction skills gap

Arguably, the skills required to deliver low and zero carbon buildings do not currently exist

in the UK and this goes right through the industry from investors, project managers,

designers, the workforce and even facilities managers and those who use buildings.

Bennetts and Bordass (2007) suggest the current problem of lack of appropriate skills in

the construction sector result from the recession of the early 1990s, when many skilled

people were lost from the industry. Despite the workforce increasing since then, they

argue that much of it is through casual migrant labour, which has not helped pass on skills

and labour. Bill Bordass (2009) suggests that what is needed are the skills and supply

chains to get the basics right.

Given the interest in earning an income as quickly as possible from a building, it is hardly

surprising that construction defects feature as a major concern for investors and

developers. They directly influence the availability of the building for sale or let and often

sour the early relationship between tenant or purchaser and developer. Many defects

arise from skills shortages and poor working environments that off site fabrication can help

to overcome.

Complex building services are also a frequent cause of defects. This can have a

fundamental influence on the ability of the building to function as intended. Sound

commissioning is vital in this case and sufficient time should be allowed. Being the last

stage of construction, it is often reduced or carried out in parallel with other site

operations, which can negate the benefits.
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Showing even a concem for environmental and sustainability issues may be new to a

contractor, supplier or sub-contractor. In this case it will be necessary for the client or

management team to establish the need for awareness training. A failure to raise

awareness of environmental and sustainability issues to every member of the team could

generate risks for the project, for instance leading to pollution events, inappropriate

handling of waste or damage to protected wildlife habitats. A lack of understanding of

sustainable construction methods, materials and technologies can lead to an undermining

of the sustainable credentials of the building, for example lack of air tightness, poor

workmanship, incorrect application of materials.

The UK Green Building Council (UKGBC 2009) undertook a study to determine and

understand construction industry demand for sustainability and education. The study

involved over 500 construction industry professionals participating in one-on-one

interviews, focus groups and an online survey. The general findings showed that there

were diverse views about what 'sustainability' is and what it means. Perceptions were that

it is largely an 'overused, soft term' but is 'here to stay and there is no turning back.' It was

noted that a general cynicism and perception exists that government has adopted

'sustainability' as a buzz word but it is high up on the industry agenda and is increasingly

impacting the bottom line of businesses.

The study went on to explain that although greater requirements to fulfil sustainability

criteria exist, it is often a tick box approach - one not well regulated or established like

current health and safety regulations. One participant observed that no-one checks to see

sustainable wood has actually been used. The 'vicious circle of blame' in the construction

and property sector and the need to end it was cited as a Significant barrier and requires

the engagement of additional 'influencers of behaviour. I

The study indicated that the industry does not feel fully qualified to deal with sustainability

issues in general. Participants in the study shared a common frustration and confusion

regarding how to meet both individual and an organisation's teaching and education

needs and that national teaching and education provision is fragmented and disparate. It

was also highlighted that the value-far-money of existing teaching and education is

generally not as high as expected. Also, although there are many teaching and education

providers, most take a vertical approach. For example, architects train architects and

engineers train engineers. This approach makes it difficult to get an integrated multi-

disciplinary holistiCview. These disparities and fragmentation cause many organisations

to run their own teaching and education programmes and are seeking a more structured

approach with clear leaming outcomes.
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The report concluded that the most common barriers to the industry getting quality

sustainability training and education were perceived to be: awareness, capacity and

communication. There is no clear leader providing awareness of what is out there and

where to go for quality teaching and education. There is a severe lack of capacity in the

marketplace and this impedes delivery of sustainable buildings. Critical stakeholders have

varying degrees of sophistication and knowledge about sustainability. Even when

understanding is high, communication channels for information sharing are often weak or

broken.

The UKGBC (2009) offer a training and education programme called STEP (Sustainability

Training and Education Programme) which offers built environment professionals the

opportunity to enhance their knowledge and skills through courses and master classes to

cover every stage of the building lifecycle. The stated intention is to enhance and help

shape organisations sustainability aspirations and provide industry with the right skills for

the UK's transition to a green economy.

It is critical to ensure that contractors and all suppliers and sub-contractors are aware of

the environmental issues relating to the site, the construction operations, the neighbours

to the site, the local authority and its requirements, awareness of environmental

legislation, making available on site a selection of appropriate reference guides on

environmental and sustainability issues and getting the entire team to 'buy in' to the

sustainable agenda of the project. This can be achieved by providing appropriate initial

and ongoing training, by displaying posters and holding regular meetings about general

sustainability issues and those which relate directly to site operations and are generally

known as 'tool box talks.' Incentive schemes can be used to reward site operatives who

make suggestions for environmental improvements, such as reducing waste or improving

construction methods.

Various schemes, frameworks and training programmes exist to encourage greater

sustainable behaviour on site. The Considerate Constructors Scheme operates voluntary

site and company codes of considerate practice, to which participating construction sites

and companies register. The codes commit those sites and companies registered with the

scheme to be 'considerate and good neighbours', as well as 'respectful, environmentally

conscious, responsible and accountable' by monitoring registered sites and companies

and the display of posters around the construction site, setting out the Code to which the

sites or companies are committed.
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Local authorities are increasingly looking for ways that construction projects can bring

benefits to their area and within the planning application provision can be made to try and

employ local people on the construction site. While many of the skills needed may be

unrealistic to resource locally, a large construction site can provide a good opportunity for

training people. Apart from reducing the need to import workers, this can also help to

improve relations between a client, their construction team and the local community.

The Construction Industry Training Board Construction Skills programme is committed to

supporting the development of low-carbon skills in construction and in 2011 launched a

three year industry-wide 'Cut the Carbon' campaign. The chief executive, Mike Farrar

stated that lithe key message...is that to achieve the government's carbon agenda and its

now legally binding carbon targets, a monumental sea-change is required in the

construction industry." (Farrar 2011, p.1).

The government has to ensure not only that workers are getting the right skills, but also

that its own regulatory agenda and spending power, as well as any other catalysts for

greener construction, are embedded in the marketplace. Farrar went on to say that "the

skills agenda is crucial and clarity is required on exactly what qualifications will be

needed" (Farrar 2011, p.1). He recognises that the whole training and education system

needs to Join up' and says that if the Department for Energy and Climate Change makes

clear what skills are required, CITB-Construction Skills can work with other departments

and agencies, such as the Skills Funding Agency, to influence the shape of future training

through FE colleges and other training providers, and can also work with local authorities.

The 'Think Low Carbon Centre' based at Barnsley College has opened a £4.2 million

facility to demonstrate green technologies and provide essential skills in the run up to the

introduction of the government's green deal retrofit initiative. At the time of writing it has

been reported that not a Singlehousehold has yet registered for the deal (Hall 2012). This

illustrates the difficulty in encouraging sustainability and providing an infrastructure for

delivering it.

Barnsley College's construction department will run courses on installing and maintaining

low carbon and renewable energy technologies, and on how to adapt traditional

techniques to make buildings energy-efficient. The centre was officially opened by the

architect and television presenter George Clarke who said "not only does this building

exemplify what can be achieved through the use of new and emerging materials and

technologies, but is seeking to build up a skilled workforce" (Building4Change 2012c, p.1).
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The Building Research Establishment (BRE) offer a number of sustainability training and

education programmes for the construction industry from short courses and continuing

professional development (CPO) to fully accredited and examined courses. A new training

programme recognises that the site team needs the correct skills and knowledge to

achieve sustainable buildings according to sustainable design aspirations. The role of Site

Sustainability Manager (SSM) is intended to provide a mechanism to ensure that a

construction site can not only be managed in an environmentally efficient manner but can

also provide the site management team with the confidence and knowledge to achieve the

exacting standards of the design through build quality, site operation, material use, site

accreditation and site communications.

The involvement of the SSM enables an additional credit for BREEAM assessed projects

to be attained. The effective involvement of the SSM is also intended to transfer the

BREEAM-related design commitments through the construction phase and reduce the risk

of non-compliance for a range of site and building related assessment issues. Registered

SSMs are expected to demonstrate by way of audit that they have achieved

environmental targets on site and effectively communicated environmental messages

throughout the whole site team. They are also required to keep up to date with the fast

pace of low carbon materials and technology innovations and therefore relevant CPO is

required.

The 'Cafe Van' is a project run by environmentally-aware builders as a not for profit

organisation. Education is delivered during work breaks from a van serving refreshments.

It provides three sessions leading to the award of a certificate in environmental awareness

focusing on resource efficiency and waste issues linked to the particular site and the

trades working there. The sessions cover:

• Why environmental issues have become so important in construction
• The nature of construction waste and Duty of Care
• Approaches to waste management and disposal
• The benefits of improved resource efficiency
• Key environmental legislation and Site Waste Management Plans
• How construction affects carbon balance and climate change
• Practical solutions - balancing the job and the environment

Eighty per cent of attendees who have received the certificate say they would change the

way they work on site (Pears 2012).

Ultimately, the constructors' role is to interpret the design and seek sustainable solutions

that meet its requirements while providing best-value solutions with minimal environmental

damage and maximum enhancement of both environmental and social aspects of the
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project. Much can be learnt throughout the entire construction process of innovative

sustainable building but there are inherent financial and technical risks in using the

process as a research and development exercise when the ultimate aim is to produce a

building to fixed schedules and budgets. In operation, a building has significant potential

for research and study by both building professionals and students alike.

4.7 The post-construction phase and sustainable behaviour

4.7.1 Building use and sustainable behaviour
It has already been established in this study that many new sustainable buildings are not

meeting their proposed performance targets, particularly in terms of energy use. It is

thought that one of the main reasons for this is that the end users of the building do not

understand the systems installed and do not know how to use the technologies. In fact,

building users frequently behave in ways that actually increase energy use above that

expected, therefore occupant behaviour is a key determinant of building performance.

It has been observed from a number of studies by Baird (2010), Hadi & Halfhide (2009)

and Bennetts & Bordass (2007) that building users frequently do not use buildings in

accordance with their design intent and in some cases inadvertently prevent systems from

working properly or even actively override them.

Cole (2009) asserts that in conventional approaches to comfort occupants are assumed to

be passive recipients of indoor conditions that are maintained within narrowly defined

margins by automated, centralised systems. Building performance is often invisible to the

end-user who in tum is given little opportunity to control or provide feedback on their

experience of the indoor environment.

Humphries and Nicol (1998) observed that when occupants have more perceived control

over their indoor environment, as is common in naturally ventilated buildings with

openable windows, they are more likely to tolerate less than ideal conditions.

It is proposed that technical solutions are not always the best solution. It can be cheaper

and more effective to engage people in the management of the building. This idea

communicates environmental behaviour across the organisation and can serve to

motivate and retain existing employees and even to help recruitment as more people

understand the personal benefits of working in a sustainable building, as well as

organisational benefits in terms of improved productivity and attainment for the

organisation.
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It is possible to get staff engagement wrong sending out contradictory or confused

messages e.g. having a sustainable travel policy when the CEO drives a Bentley to work

every day, fostering feelings of reactive denial in the face of self-serving denial, or

providing new bike racks and showers to encourage cycling to work that are so isolated

they never get used illustrating poor design for sustainability.

When communicating to building users, people do not intuitively understand phrases like

'climate change' or quite abstract concepts like 'carbon foot-printing' which, as a

behavioural change tool, can be used quite poorly. People need to believe they can help

and the problem needs to be communicated on a human scale, made personal with

achievable goals. People need to understand and agree to changes before they are

implemented.

Occupants are not the only users of buildings capable of influencing architecture and it is

important to consider those with both direct and indirect experience including visitors,

students, temporary workers, neighbours, communities, vandals, politicians, citizens and

professional mediators, researchers, architecture critics, among others.

4.7.2 Commissioning and handover

For the client and user of a building, the most important phase is after construction has

been completed. It is at this stage that there can be a break in the chain of responsibility

for the environmental performance and overall sustainability of a project. As already

established, unless the project undergoes a well-organised commissioning process the

intentions of the design and construction team may not be fully realised and the user may

be delivered a building that operates sub-optimally.

In a study by Baird, investigating over 30 sustainable buildings it was noted that "the

importance of commissioning was stressed by several of the clients and designers and

there was ample evidence of this being undertaken. In some cases this was still ongoing,

particularly in those instances where the project incorporated novel, educational or

'demonstration' teatures" (Baird 2010, p.20).

A traditional way of achieving this is by means of an operation and maintenance manual

or user manual which often falls short of achieving full engagement of operational staff

who may not fully understand the technical language used and do little to involve the

users in the operation of the building. Baird's study revealed that despite the assertion that

a user manual had been prepared for the building occupants, he was rarely able to see a

copy.
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User guides can be creative in the use of illustrations, diagrams, and narrative to

demonstrate how buildings work. An architect can provide design drawings accompanied

by text about the location, usage, thus raising awareness suggested by the sustainable

features integrated into the building and the logic, concepts and ideas behind them. This

is especially so for educational establishments. Over time, teachers and students can

leam from and expand the guide with their own ideas. Thus, the user's manual "becomes

an evolving, dynamic, and ever-growing curriculum attesting to the value of the leaming

environment as a teaching tool. It explains how the building functions as a three-

dimensional textbook for interdisciplinary leaminq," (Taylor 2009, p.272).

The 'Soft Landings' approach, initiated by the Building Services Research & Information

Association (BSRIA), the Usable Building Trust (UBT) and architect Mark Way (BSRIA

2009), provides a structure for project teams to stay engaged after practical completion, to

assist the client during the first months of operation and beyond to fine-tune and de-bug

systems, and ensure the occupiers understand how to control and best use their

buildings. 'Soft landings' helps all stakeholders to achieve better buildings by focusing the

design, construction and commissioning process more sharply on obtaining good

outcomes in use. This approach helps to pass on knowledge, capture leaming from

experiences, reduce credibility gaps between expectations and outcomes, and provides a

vehicle for post-occupancy evaluation, feedback and continuous improvement. It is in

effect a set of attitudes, principles, and techniques that can be incorporated within any

procurement system across different building typologies.

The Soft landings Framework document identifies five main stages which can be adopted

at any point during the development process:

• Inception and briefing
• Managing expectations during design and construction
• Preparing for handover
• Initial aftercare immediately after handover
• Extended aftercare, post-occupancy evaluation (POE) and feedback during the

first three years of occupation.

Essentially this approach aims to focus any team or organisation more clearly on

outcomes, and join up people and activities which in the past have been too separated.

Without this integration, current trends risk fragmenting yet further both the skill base, the

communication between various stakeholders in the design and construction team, the

connections with building occupants and management, and the follow-through from

construction into operation. In tum, this inhibits the feedback that is essential for

innovations to be directed purposefully at what needs improving. This approach is hailed
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as the best opportunity for producing zero-carbon buildings that actually meet their design

targets shifting the emphasis for good performance away from just design aspiration to the

way buildings are actually managed and maintained, creating a virtuous circle offering

opportunities for truly integrated and robust design.

There is a strong need to transfer an understanding of the systems to a team that can

implement them effectively. The knowledge and skills for this are becoming more

specialised and the appointment of a specialist sustainability manager is becoming more

common place with an understanding of economic, social and environmental sustainability

in the use and operation of a building.

4.7.3 The case for sustainability specialists
At present, several roles within an organisation may exist that engage with a diverse

range of sustainability issues, often resulting in an uncoordinated approach possibly

resulting in a duplication of responsibilities, contradictory behaviours, or missed

opportunities for tackling waste and inefficiencies. Some aspects become an 'add-on' to

an existing role, arguably leading to a dilution of the sustainability focus.

With the appointment of a sustainability specialist, variously entitled Energy and

Sustainability Manager, Sustainable Facilities Manager, Sustainable Building Manager, a

co-ordinated strategic approach is provided, lead by a single individual who is able to

draw together all aspects of sustainability, energy management, social and ethical due

diligence and with the power to delegate out responsibilities. This enables an organisation

to more easily present a clear and transparent strategy for the company as a whole.

Sustainable energy management is the process of maintaining, controlling and conserving

energy in a building or organisation. The role works to change organisational behaviour by

adding energy efficiency and conservation into the formula of considerations for new

construction, operations and maintenance and advocate for the owners and operators of

facilities to think and behave more sustainably. At the same time sustainability and energy

managers can conduct employee education campaigns that teach employees about the

impact their behaviour can have on the environment at work, in their communities and at

home.

Vicky Kenrick, a sustainable recruitment consultant states "it stands to reason that

strategic managers would increasingly seek to implement sustainable strategies in the

decades to come and the most effective method of achieving this is to take energy and

sustainability into the boardroom" (Kenrick 2011, p.14). This new role can act strategically
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within an organisation to help create large cost reductions as well as ensuring the

organisation complies with the most up to date regulations.

Well-informed sustainability managers are vital to close the feedback loop from

performance in use, back into briefing and design, and then to help manage design intent

through to specification, construction and commissioning process and on into use.

4.7.4 Monitoring environmental performance

The operation of buildings is now on the point of a culture change. As buildings are being

designed to run on less energy, it is becoming essential that its longer term running and

operation are linked more directly to the work of the design and construction team by

involving the operators and users during the design and construction stages of the project

and involving the design team into the post-occupancy phase of the buildings life.

The collection of appropriate data and information is crucial to the effectiveness of this

process. This is a vital part of the feedback loop by which the actual performance and the

causes of any discrepancies can be diagnosed and rectified.

By installing sophisticated building management systems (BMSs), it is now theoretically

possible to monitor the performance in some detail and without great cost, which can be

applied to improving performance and enable learning from past experiences. The

following strategies can be adopted to facilitate this:

• Specify separate metering of different parts of the building (zoning). This also
gives extra credits in BREEAM assessment.

• Collect information from BMS on energy, occupation, ventilation, temperatures,
humidity etc.

• Appoint building services engineers to attend periodic meetings with
sustainability/facilities managers and maintenance staff to check if the building is
performing optimally and if not, recommission the building.

• Undertake surveys of building users
• Discuss with design engineers the extent to which building users are not behaving

as presumed. Identify whether the best solution is to educate the users or
recommission the building services, or both.

BREEAM In-Use is a scheme to help building managers reduce the running costs and

improve the environmental performance of existing buildings. Operating a building

represents a major economic, as well as environmental and social cost, with rising energy

prices and an uncertain economic outlook, cutting energy waste and other such measures

can improve profitability as well as sustainability and can enhance the corporate social

responsibility (CSR) profile of an organisation. One of the problems with existing building

stock is that gathering and evaluating environmental performance information is
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complicated. There are a myriad of design variables and potential alterations that it is hard

to identify the most cost-effective measures to improve environmental performance.

BREEAM In-Use evaluates operational aspects of the building and performance in use,

and compares this with the potential performance of the building against current best

practice. It is designed to use existing data on energy and other aspects of environmental

performance and highlights areas of potential improvement for both management of the

building and opportunities for physical upgrading. The aim is to better inform those who

occupy buildings of their carbon footprint, allowing them to enhance and demonstrate

improvement against credible measures. It also allows for property assets to be evaluated

against future environmental legislation - providing a measure of quality assurance in the

expanding arena of sustainable development.

4.7.5 Post-occupancy evaluation
Rab Bennetts (Bennetts and Bordass 2007) asserts that architects who focus on iconic

designs often lack the objectivity required for assessing sustainability. He blames part of

the problem on a lack of culture of learning from buildings in use, either by architects,

clients or contractors, and the issue is given little emphasis in design schools. Bordass

goes on to state that in a review of low-energy office buildings only about a third of the

energy consumption had been anticipated in the design. He states that, "too many iconic

buildings that daim to be green aren't. It is only by assessing them that we will learn how

to improve designs. An awful lot can be achieved through improved control, management

and user behaviour" (Bennetts and Bordass 2007, p.9).

There is growing evidence that the functioning of a building should be evaluated from the

human and behavioural point of view, as well as from a purely technological standpoint. In

a post-occupancy evaluation (POE), the building occupants (users) and

facilities/sustainability managers (operators) are asked how the building performs, from

their point of view. This provides the baseline data from which improvement programmes

can be prepared for the development of an organisation's property and facilities, and the

quality of service provided to users. A responsible organisation will also report this

element of its social and environmental performance as part of its annual sustainability

report to stakeholders.

Blyth and Gilby describe POE as "a way of providing feedback throughout a building's

lifecycle from initial concept, reviewing the process of delivering the project through to

occupation, a review of the technical and functional performance of the building during

occupation. The information from feedback can be used for informing future projects"
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(Blyth and Gilby 2006, p.8). They highlight several short term, medium term and longer

term benefits of POE:

Short term
• Identification of and finding solutions to problems in buildings
• Response to user needs
• Improve space utilisation based on feedback from use
• Understanding of implications on buildings of change whether it is budget cuts or

working context
• Informed decision making

Medium term
• Built-in capacity for building adaptation to organisational change and growth
• Finding new uses for buildings
• Accountability for building performance by designers

Longer term
• Long-term improvements in building performance
• Improvement in design quality
• Strategic review

Three stages of review have been recommended by Blyth and Gilby (2006); the

operational review to be carried out 3-6 months after occupation, a project review carried

out 12-18 months after occupation, and a strategic review carried out 3-5 years after

occupation. A number of questions should be addressed by those carrying out the POE at

each stage:

• Does the building perform as intended?
• Have the user's needs changed?
• What problems need to be tackled quickly?
• How effective was the process from inception to completion?
• What can be learned for future projects?

It is highly possible that after any of the reviews or as a natural consequence of building

use, changes will be made to the building. Putting POE on the project agenda from the

start will focus the minds of the project team on how the outcome of the project will be

measured and it enables the team to structure and record relevant information throughout

the project.

Blyth and Gilby (2006) also highlight three levels of investigation ranging from an

indicative review, giving a quick snapshot of the project to highlight major strengths and

weaknesses, an investigative review, which is a more thorough investigation using more

rigorous research techniques to produce more robust data, to a deeper diagnostic review

involving a thorough analysis which links physical performance data to occupant

responses. Generally this includes: air-handling, energy use, heating, ventilation rates,

temperature, lighting levels, CO2 emissions and acoustic performance.
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In a recent article by Fulcher (2011) UK Green Building Council chief Paul King was

reported to wam that in the future, architects could be held responsible for buildings that

fail to perform based on sustainability criteria. King suggested that under increased

regulation post-occupancy proof of a building's poor performance could expose the

profession to negligence claims. Fulcher states "If we rethink it, redesign it, we are going

to have to prove we've made it better...it will require more rigour, more science. It is going

to require continued up-skilling of the profession" (Fulcher 2011, p.1). In the article King

emphasised the need for architects to embrace POE and that architects must speak to

people outside the profession to achieve greater integration across the industry.

In a pedagogical context, students, architects and administrators can compile and analyse

post-occupancy data as an educational exercise. During programming, students can help

the architect collect data through observation, site analysis, and other techniques. This

research can then be applied to follow-up studies during POE measuring and monitoring

building performance through interviewing and distributing and analysing questionnaires

and surveys, reviewing the literature from similar facilities, making comparisons, reporting

findings and making recommendations for future facilities.

Just as user guides can become a professional development tool for teachers, so can

POE. According to Taylor "many teachers are unaware of the leaming potential in their

classroom environment. They have had little or no experience in space planning and

designing effective, aesthetically pleasing (and sustainable) spaces for learning" (Taylor

2009, p.272).

4.7.6 User behaviour

A building, after all, is a context for human behaviour, and they are aII unique.
(Leaman 2009, p.36)

Humans have evolved to be adaptive and to react to the ever-changing environment

around them. As such, building users will find a way to make themselves comfortable by

adapting their environment. This was found to be the case in studies where building users

clearly demonstrated a preference for buildings where they had control of the indoor

environment (Leaman & Bordass 2001).

From the study by Baird (2010) it was noted that there was a growing acceptance by

occupants of a wider temperature band and tolerance for intemal thermal conditions to

change gradually in accordance with the seasons. He also found that occupants
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appreciated being able to see or feel the effect of their operating any of the control

systems to which they had access, particularly related to the growing number of buildings

with full fresh-air ventilation systems incorporating devices designed to enhance the flow

of natural ventilation, such as ventilation chimneys.

Collecting information about the actual performance of a project can provide feedback to

the design team and members of the construction team, so that their original design

intentions can be verified, or otherwise. An organisation with a continuing construction

programme can make valuable use of this information in updating its design briefs and

performance specifications.

It is worth noting that operating costs, whilst significant, are often of secondary importance

in most occupier organisations to the costs of staff and the value of the work they carry

out. Yates 2003) found that staff costs are up to 40 times as high as operating costs for a

typical air-conditioned office and considerably more in less intensively serviced and more

sustainable accommodation. High-quality and sustainable internal environments, which

staff are able to influence some control over and develop a degree of ownership, have

been shown to contribute significantly to staff productivity as well as to improved levels of

staff recruitment and retention. As a result, such benefits are often worth much more to

occupiers in financial terms than those relating to operational costs of the building itself.

When organisations address their workplace environmental performance they often

consider expensive projects, such as replacement heating and air conditioning systems or

improving insulation. VVhat is often overlooked is the company's day-ta-day occupancy of

the building and how efficiently they are using the space. Many offices use a third of their

peak energy use overnight when there are few employees on site. A recent study (Carbon

Trust 2011) found that employees have on average 10 electrical items plugged in,

including pes, fans and mobile phone chargers. Significant carbon emission and cost

reductions can often be made by simply asking employees to tum off or unplug items they

use every day before leaving.

According to Leaman (2009) the best buildings from the users' point of view are those that

respond to requirements quickly. When users operate building controls like light switches,

windows, blinds and so on, users like it best when it is immediately self-evident to the user

what a particular control device does. Once operated, users like it when the device gives

some rapid feedback. It is then clear to the user that the device has, in fact, made a

difference. In situations where users understand what is supposed to happen, they will

tend to be less critical if it does not happen and more tolerant of faults. Thus, the clearer
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and more understandable a control device is, the better. Users take the line of least

resistance and go for the easiest option, not necessarily the one with the best option.

One of the effects of modem building, especially open-plan offices, is that they have

introduced unnecessary management dependency. The technologies that supposedly

save on management time and expense actually waste it. Often one set of systems may

be fighting another; heating versus cooling; lighting versus ventilation, and so on. Systems

often settle into the least inconvenient settings. Lights on/blinds down with all systems

defaulting to 'ON' is common (Leaman 2009).

The least efficient state environmentally becomes self-fulfilling and leads to unhappy,

uncomfortable and unproductive occupants. Unmanageable complexity is also present in

the new generation of sustainable buildings, arguably encouraged by environmental rating

systems that appear to give more points to the presence of features rather than their

actual contribution in reality.

Occupancy densities have been creeping ever higher and it is often assumed that green

buildings can also support the same kind of densities as air conditioned buildings.

Carrying capacities - that is the number of people who can be comfortably

accommodated - may well be lower in buildings that use more natural ventilation systems

and have lower fan and pump power, for example.

During the 1990s a series of studies under the title Post-Occupancy Review of Buildings

and their Engineering (PROBE) was undertaken investigating around 20 completed and

occupied office buildings, to assess and compare their performance with that predicted by

the design engineers. They were undertaken in a no-blame environment to ensure honest

reporting and assessment. The results were generally surprising because many of the

buildings were significantly under-performing. The results enabled both the current

occupiers to improve their performance and design engineers to better understand how

buildings actually perform in use.

In a summary of PROBE findings Leaman and Bordass (2001) identified seven strategic

themes:

1) Meet Needs. Occupants like buildings that respond to them.
2) Manageability. Don't procure what you can't afford to manage. Technical

performance and user satisfaction will also suffer.
3) Integrated approach. Comfortable buildings can be energy-efficient and cost-

effective. But only if they are made to do so.
4) Clear and robust. Get the essentials right. Put innovations on firm foundations.
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5) Realism about process. Buildings are more like ships than cars. They need sea
trials and fine tuning.

6) Systematic interactions. Promote virtuous circles. Otherwise buildings will go
into circles of decline.

7) Reflective practice. Review everything, as contexts evolve. Don't lose sight of
strategic objectives, or critical details. Use feedback to learn from your own
experiences and from others.

Part of the PROBE study was the use of the Building User Survey (BUS) and selected

data from a study of one of the case study buildings, the WISE Project, can be seen in

Appendix III. The surveys combine to provide a comprehensive archive on the needs and

attitudes of building users including comfort, productivity, satisfaction and other aspects of

perceived conditions. Although not expressly focusing on sustainability issues some of the

data proved to be invaluable in supporting the findings from the primary research findings

of this study.

Fundamental to any strategy to improve environmental performance of a building is to

encourage the adoption of environmentally sound practices of building users through

raising sustainability awareness, competence and interest. One of the ways this can be

achieved is through sustainability training. In addition to making users aware of

environmental issues, it can also provide useful feedback to management about what is

actually happening and how objectives can be met most efficiently.

For decades, spreadsheets offered the main tool to present data from the building

management system. But the benefits of using a spreadsheet are limited by how much

data can be presented and how user-friendly the system is. End users now expect

building automation systems to be as simple to understand as their smart phones and

tablets. This has prompted the introduction of 3D graphics, photorealism and animations

to building management systems. The graphics are increasingly common on public

displays in schools, colleges and offices. The public use of displays makes systems more

interactive, and helps to raise awareness of resource efficiency.

Digital media offer powerful ways to share information and stimulate collaboration. The

vast majority of people who don't readily identify themselves as 'sustainable' can be

engaged in the sustainable agenda through digital media which can offer ways to

contribute to carbon and energy saving that are easy, fun and fit their idea of who they

are.

Digital media tools or 'apps' that can be accessed through a PC or mobile device can

incentivise people to adopt behaviours that have a carbon-saving outcome. One such

'app' developed by a firm called Carbon Culture, called 'Scrunch'. is designed to reduce
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demand for lighting in the evening. These tools take a very different approach to telling

people what they should do to reduce carbon - they give their users something they want.

Digital platforms also provide opportunities to help expert users like building managers to

reduce costs through higher quality performance data, transparency and information

sharing.

4.7.7 Green leases

In the context of a sustainable building, a landlord may have an increased need to

regulate the tenants' behaviour, depending on the overall design of the building and the

landlord's goals with respect to energy usage, indoor air quality, waste reduction, and so

on and the lease agreement should reflect this. A 'green' lease may have increased

reporting requirements for a tenant. This could require the tenant to report to the landlord

energy consumption data, monitor readings related to indoor air quality issues and

equipment efficiency.

Such requirements in a lease must be drafted to first require the tenant to collect and

maintain such data, as well as provide it to the landlord on a periodic basis or upon the

landlord's request. Failure to do so may result in tenant default. The use of the green

lease by a landlord may have some unintended consequences. For example, if the lease

declares the landlord's intention to seek BREEAM certification for a building and the

landlord is not successful in obtaining it, a tenant may seek a remedy against the landlord

for such failure, including the right to pay reduced rent or possibly to terminate the lease.

When the tenant, rather than the landlord, is driving the green leasing process, a landlord

can expect to be held to a higher standard for the features and performance of the

building than is typical, and the lease may contain certain tools the tenant can use to

ensure the landlord meets those standards. This could pose new challenges in the

financing arena, as lenders and capital partners will also be required to understand the

dynamics of operating a green building and the obligations being placed on a

landlordlborrower in this context.

As more tenants begin to specifically seek out green buildings, the green lease will

become a requirement and the provisions of the lease may work to impose requirements

for sustainable behaviour on both the landlord and tenant.
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4.8 Chapter summary

If architecture becomes more sustainable, it is because its practices and buildings will

have fundamentally become more integrated. Integrative design involves not only

integrating the increasing complexity of building production but it also formally

incorporates and directs the behaviour of complexity.

The power of authorship beyond the twentieth century myth of the singular architect to

collaborative team structures reflects the multivariate contexts of a project. As architecture

moves forward into the twenty first century it is critical that it constructs pedagogical and

professional structures that position students and professionals to expand their

engagement with the integrated realities of new sustainable practices. This is vital for the

advancement of the ecological, economical, social and formal basis of architecture.

The user side represents a valuable body of knowledge through their specific interaction

with buildings and spaces. Users can quickly detect inefficiencies that most architects are

unaware of.

For many organisations, their buildings represent a large impact in terms of their overall

emissions of greenhouse gases, waste generation and transport burdens. They also

impact significantly on staff satisfaction and behaviour and give a demonstrable measure

of their respect for the people that they employ and the clients they serve. The key barrier

to consideration of more sustainable accommodation is a lack of awareness amongst

occupiers and property agents to the opportunities that exist and to their abilities to

influence them.

The reasons why people fail to use their buildings as they were designed to be used

include a lack of understanding of the systems by both the end users and the facilities

managers, poor communication of the services strategy due to inadequate information

and training, and a lack of awareness by designers of the principles of human behaviour

that govem successful system and control design.

Buildings are becoming increasingly complex to operate, both for the facilities manager

and the end user. Designers of buildings, systems and controls are not always aware of

the impact of their decisions on the occupant, and fail to realise that if they do not adapt

their design to meet occupant needs and behaviour then building users will adapt it

themselves. If building users are uncomfortable, they will naturally take control of their

environment, even if this means doing things they have been warned against or that may

even be dangerous.
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For those responsible for maintaining and operating buildings on a day-to-day basis, it is

imperative that buildings are designed to be manageable in order to facilitate sustainable

operation. Lessons learned from post occupancy evaluation should be disseminated to

ensure best practice and support a culture of continuous improvement in order to create

buildings that provide optimum resource efficiency and high levels of occupant

satisfaction.

Ultimately, sustainability is about people and sustainable changes in behaviour.

Therefore, positive results require continual investment in technical and behavioural

training and improved communication.

The following three chapters focus on case study analysis in order to investigate the

practical applications through the evaluation of selected exemplar sustainable buildings in

relation to sustainable behavioural change and pedagogical aims and objectives,

beginning with a chapter introducing the fundamental principles behind the development

of each of the buildings.
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CHAPTER 5: The Case Study Buildings: Sustainable
Features, Methods and Materials
5.1 Introduction
This Chapter introduces the five buildings selected for case study. detailing their rationale

with images. illustrating the respective overall developments and their key specific design

features in relation to sustainable methods. materials. technologies and design

interventions that impact on pedagogical and behavioural change throughout the lifecycles

of the buildings. These are:

• The Wales Institute for Sustainable Education. Machynlleth. Powys. Wales
• The Derbyshire Eco Centre. Wirksworth. Derbyshire
• The Core Building. Eden Project. Comwall
• The Genesis Project. Taunton. Somerset
• Sidwell Friends School. Washington DC

Archival research of accessible case study data such as working drawings and minutes of

meetings have also been analysed to provide additional verification of findings in the

design, construction. operation and use of the buildings.
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Figure 5.1 Computer generated image of the WISE complex

Architects: Pat Borer and David Lea
Location: Machynlleth, Powys, Wales.
Cost: £5.2m

Source: CAT

5.2.1 Key sustainable features
• Low embodied-energy construction materials such as earth and hemp
• Timber glulam structure linked with steel flitch plates
• Bio-composite, natural fibre technologies using hemp and lime
• Energy efficient glazing for maximum natural day lighting and passive heat gain
• Minimal energy requirements Solar water heating integrated into a district heating

system
• Semi-transparent PV technologies used to provide both energy and shading
• Biomass combined heat and power linked to the district heating system and grid
• Biological, zero energy input sewage treatment systems
• Green transport systems using sustainable fuel sources
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5.2.2 General description

The WISE building at The Centre for Alternative Technology (CAT) as well as having

impeccable environmental credentials in terms of sustainable technologies, energy

efficiency, passive design techniques and use of natural materials the building will

feedback to its occupants' data about their energy use and resultant carbon emissions

plus the thermal performance of the building fabric in the hope that this experience will

influence their behaviour.

The building is being used as a resource to teach and learn about a wide range of

environmental topics providing sustainable spaces for research, workshops, lectures and

seminars as well as accommodation and restaurant facilities, all offering an experience of

sustainable solutions in practice with the potential to influence and effect behavioural

change.

WISE provides a high-quality training and conference facility demonstrating that linking

environmentally sound buildings and business practices are possible and comfortable.

WISE provides a location in which to explore practical solutions to vital changes to the

way we live, work, travel and do business. The WISE building embodies everything that

will be taught in it, offering a living example of sustainable technologies and lifestyles.

Facilities comprise of a 200-seat lecture hall, a large break out and exhibition space, a

courtyard garden, a dining hall extension and bar, workshops, offices and 24 en-suite

bedrooms.

Key drivers for the development of the building were to encourage sustainable business

innovation and lifelong learning for sustainability. The basic architectural premise was that

all principal rooms would be shallow in plan, enabling good levels of daylight and simple-

user controlled ventilation, and for every room to have a vista. The site and indoor-outdoor

relationships were key to the design intent, in effect the building was designed from the

inside out In the words of the Architect David Lea, "the different qualities of sunlight,

daylight and reflected light capture the passage of time and seasons." 'Ecotect'

environmental analysis software was used early on to ensure a daylight factor of at least

three.

An innovative partnering contract (PPC2000) involved the contractors from the beginning.

PPC2000 was developed as a direct result of the Government's Construction Task Force

'Rethinking Construction.' It brings together dient, consultants, constructors and

speclalists under a single multi-party contract and therefore integrates design, supply and
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construction processes. It sets up a practical and clear basis for all the key players to work

together, according to agreed timetables, from earty design stage through to

commissioning and handover.

The design reduced the amount of reinforced concrete, using high embodied energy

cement, to a minimum for the foundations and only to areas where it was deemed

necessary for load bearing requirements. In order to optimise sustainability, limecrete, an

alternative to cement-based concrete, was specified elsewhere. Cork insulation was

selected to stop cold bridging and for insulating roof decks to a thickness of 200mm. The

roofs were of a standing seam design using 100% recycled stainless steel with a very low

embodied energy. This was also a very simple design for decking and insulation.

A mechanical air handling unit with heat reclamation for lecture theatre was designed to

accommodate rapid fluctuations in occupancy heat gains. Elsewhere passive natural

ventilation systems were integrated throughout the building. Within the design brief was

the requirement for a high level of thermal comfort monitoring with feedback displays in

each room for occupancy monitoring.

Internal finishes included off-the-shelf earth blocks with lime render, timber finishes and

the use of natural paints.

The lecture theatre lies within an enclosing cylinder of rammed earth, which is free-

standing and shows the strata of its construction. The material is a by-product of a nearby

quarry, graded for evenness and the appropriate mix of particle size, then rammed down

with a pneumatic press between lateral shuttering and allowed to dry. The earth mix for

the rammed earth walls were analysed at Bath University to ensure it would cohere

property. Its 0.5 metre thickness supports the roof and provides acoustic isolation for the

lecture theatre. Its 7.2 meter height, great length and 300-tonne mass also constitute a

heat store, a thermal flywheel to even out changes in weather and a passive solar

collector via the windows of the roof and the south elevation. Its major benefits are its low

embodied energy and ease of re-use, having the same compressive strength as brick but

a very low tensile strength, allowing it to be very easily dismantled.

The wood for the timber frame was sources locally where possible. External walls are

made by coating the frame with a SOOmm-thick sprayed hempllime mix. This material is

strong enough to be used as a breathing monolithic construction, precluding the common

complications of multiple layers and membranes, yet achieves a U-value of 0.14 W/m2K. It

remains low in embodied energy and exploits a low-energy agricultural material.
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There were major problems with on-site practices regarding the construction of the

rammed earth wall and irreparable damage to joinery which resulted in delays, cost

overruns and the eventual replacement of the main contractor.

Energy is provided through a mix of technologies including passive solar thermal gain,

solar hot water, photovoltaic panels and direct heat from a new wood-chip Combined heat

and power (CHP) plant.

Ironically, the initial BREEAM assessment is not very high, because despite its zero

carbon operational energy and low embodied energy materials, the building loses points

due to its greenfield site, infrequent bus service and proximity to other key services.

5.2.3 People and pedagogy
The WISE building is targeted at a wide variety of audiences. It provides bespoke courses

and conferences for Architects, Town Planners, Energy Consultants, Waste Managers

and other professionals working in fields affected by sustainability. It provides sustainable

and state-of-the-art facilities for businesses to receive training and guidance on the

transition to sustainability from experts at the forefront of the discipline.

WISE demonstrates to householders that sustainable buildings can be "comfortable" and

"beautiful" according to the majority of respondents. The techniques used for designing,

building and decorating WISE are the result of 30 years of experimentation and research

by the Centre for Alternative Technology. Policy Makers will be able to experience

comfortable, modem and sustainable living first hand while receiving training and

guidance from experts.

Electricians, plumbers and technicians with prior experience in sustainable energy

technology can train professionally on accredited courses, in areas such as solar water

heating and electricity, heat pumps, wood fuels and water management, with experienced

tutors with facilities that are at the cutting edge of sustainability in the UK. Higher

Education and research are two crucial sectors in filling the skills gap on the road to a

sustainable future. WISE will act as a 'mini-campus' for academic courses run by the

Graduate School of the Environment and in partnership with universities and colleges on

renewable energy, building design and environmental sustainability. Their research

laboratory is also available for hire.
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More students at all levels are studying the environment. The new WISE building offers a

tangible demonstration of state-of-the-art sustainable design and construction. As well as

full postgraduate degrees including MSc Architecture: Advanced Environmental and

Energy Studies, MSc Environmental Change and Practice: Buildings, MSc Renewable

Energy and the Built Environment, Professional Diploma in Architecture: Advanced

Environmental and Energy Studies and Doctor of Ecological Building Practices, students

are able to take short academic courses taught and catered for in the WISE building.

These include environmental building, ecology, renewable energy, water and sanitation,

woodland skills and organiC gardening. For young people WISE offers a glimpse into the

future of building design and education. Young People can test out the building's special

features on tours and in workshops and classes taught by experts in sustainability.

Central to CAT's display and demonstration philosophy is the showing of innovative and

environmentally benign technologies that can be readily understood and applied by all. In

the words of the School Education Officer at CAT, 'The building conveys a subliminal

message to school groups. It says a sustainable future can be beautiful and comfortable.'

Figure 5.2 Sustainable features of the WISE complex
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Figure 5.3 Adjusting the timber frame

Rgure 5.4 Shuttering for the rammed earth waH
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Figure 5.5SprayingWanncell insulation to accommodation block

Figure 5.6 Sensors for data loggers built in to the structure to monitor thermal
movement Source:Author
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Figure 5.7View from crane of auditorium and accommodation block Source:CAT

Figure 5.8Accommodation block Source:CAT
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Figure5.9Staff beingshownauditoriumduring construction Source:CAT

Figure5.10Studentsworking outdoors Source:CAT
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Figure 5.11 Glazed cOrridor/buffer zone outside rammed earth auditorium
Source: CAT
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Figure 5.12 Glazed corridor/buffer zone outside rammed earth auditorium
Source: CAT
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Figure 5.13The auditorium/lecture theatre
..

Source: CAT
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Figure 5.14
MSc Architecture: Advanced Environmental and Energy Studies lecture in progress
Source: CAT

Figure 5.15 Stuctents expenmentlng with rammed earth techniques Source: CAT
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Figure 5.16 Texture of rammed earth wall Source: CAT

Figure 5.17 Transluscent solar array Source: Author
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Figure 5.18 Solar array integrated with roof structure Source: Author
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Figure 5.19 WISE in the context of its surroundings (winter)

Figure 5.20 WISE in the context of its surroundings (summer)

Source: CAT

Source: CAT

207



5.3 The Derbyshire Adult Community Education (DACE) Eco-centre
Building

Figlire5.21 Artists i'mpression of the Eco-centre
-_ ....__ ._ ....

Source: DACE

Figure 5.22 Front elevation of the Eco-centre Source: DACE

Architects: Derbyshire County Architects.
Location: Wirksworth, Peak District, Derbyshire, UK.
Cost: £1.4m

5.3.1 Key sustainable features

• Solar photovoltaic cells which track the movement of the sun. Phase 1 providing
1.5kWpwith provision for phase 2 producing a further 15kWp.

• Rainwater harvesting into a 6000 litre water tank providing water to the toilet
facilities.

• An air source heat pump provides energy efficient low grade heat for the entire
building via an underfloor distribution system.

• Heavily insulated envelope using recycled mineral wool
• Some intemal walls use Enviromasonry building block made in the UK from over

65% recycled aggregate.
• The remaining internal walls are constructed from a wood wool board certified as

'ecobiocompatible'
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• The external walls are non-Ioadbearing and are constructed from local natural
Derbyshire stone

• The glulam timber frame supports the entire roof. It is made from slow growth
Siberian Larch which has a natural preservative. The glulam process adds
strength and allows large spans to be covered without the use of internal pillars.

• The green roof reduces energy costs, drainage and water storage requirements
and offers a wildlife habitat designed to match native local flora.

5.3.2 General description
The key impetus for the development of the Eco-centre was the national drive to adopt a

sustainable approach to the adult education curriculum which prompted Derbyshire Adult

Community Education Service to review its facilities and curriculum. DACE decided to

develop the new Eco-centre for teaching courses and as an exemplar for sustainability.

The Eco-centre would help the service deliver its Sustainable Action Plan and would

provide a strategy for integrating the work of the College of the Peak - a project set up to

promote heritage building skills and rural crafts.

Early on the client made clear that the Eco-centre should be 'a busy, welcoming and

inspiring learning centre' and 'a hub for sustainability learning for the people of Derbyshire

and beyond' as well as 'a way to contribute to Derbyshire's carbon emission reduction

targets.'

DACE chose the site at the National Stone Centre because of its existing infrastructure,

links to other education providers, links to local employers, its central location within the

county.

The Eco-centre was built over a disused lead mine which gave the team some problems

which needed extensive site investigations and remedial measures before construction

could commence.

Access to the centre was another issue, with limited transport links potentially

discouraging groups from using it. Solutions included co-ordinating activity times to fit

local bus times, encouraging sustainable modes of transport to the centre by developing

the existing network of footpaths and cycle trails and promoting the use of trains as a

railway station was close by. The centre was also investigating a pilot of electrically

powered mini buses to transport groups from other centres.

Facilities include a large, multi-purpose area for practical work in heritage building skills,

renewable energy and environmental arts and crafts. It is an adaptable teaching space

with network connections for studying, meetings and lectures. It includes an outside area
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with canopy for practical work, an office base, a community garden, a social and exhibition

area plus toilet, washroom and shower facilities.

The key design intent was that the Eco-centre is an exemplar of sustainability, both in its

design and construction, and in the courses it offers. Through its design and operation it

is intended to lead by example on a range of issues relating to climate change and

sustainable development. The centre and surrounding landscape is designed and built to

gain a BREEAM 'excellent' rating, the first for the County Council.

Derbyshire County Council's architect team already had experience of designing

sustainable buildings, so they were selected to design the centre after consultation with

stakeholders, staff and learner representatives. The design team found that building an

exemplar sustainable centre was more expensive than a traditional structure. This

presented a particular problem in meeting the funder's specification price per square

metre. Solutions were found in sourcing as much local material as possible cutting

transportation costs and the carbon footprint. Costs could also be kept low by forging

partnerships with local companies and offering to showcase their products in the Eco-

centre in return for supplying materials at cost or in some cases for free.

The building is constructed using sustainable methods, materials and technologies

including local stone, a living green roof, rainwater harvesting, air source heat pump and

solar panels.

The timber frame is constructed from European Larch from a slow growth source which

meant it did not need any chemical preservation and had good strength to weight

characteristics. The timber beams and frame support the roof enabling a non-load bearing

in-fill walling system which allows for future adaptation of the internal spatial configuration

and the use of different materials, if required.

The overall design integrates well with,the environment and natural assets of the site. The

space was designed to eliminate internal circulation space. It has high thermal mass with

high levels of insulation and air tightness.

A second phase was planned from the outset and the building is 'future-proofed' to

provide further sustainable technologies with the aim of making the site self sufficient in

energy. This is dependent on securing future funding.
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5.3.3 People and pedagogy
The curriculum to be offered by the centre is highly innovative and new to the service, so

new expertise was needed in its development and delivery. The building itself is important

in promoting sustainability to leamers, community groups, organisations and the general

public.

In order to achieve the Sustainable Action Plan the need for key skills were identified that

could be delivered at the centre. These were 'skills of empathy' -personal, community and

environment, 'intellectual skills' - understanding sustainability principles. issues and

finding solutions and 'technical skills'. The target audience for developing these skills were

identified as families and individuals. decision makers and leaders. employers.

employees. public sector. young people. makers and installers. vulnerable and excluded

people, consumers and innovators and trend setters.

The building is intended to be a catalyst for the development of an innovative curriculum.

It provides courses focusing on Education for Sustainable Development. including

heritage and sustainable building skills, rural crafts, arts and the environment, sustainable

technologies and healthy living.

As a very visible showcase of best practice in sustainable design. construction and

operation and a learning resource in its own right it is a stated intention that the Eco-

centre "motivates users to put their new skills and leaming into practice"
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Figure 5.23 Proposed elevations Source: DACE

Figure 5.24 Building plan and general spatial arrangement Source: DACE
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Figure 5.25 Side view of building showing glulam frame and curved design
Source: Author
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Figure 5.27 'Truth Window' showing un
system heating pipes Source: Author

Figure 5.29 Locally produced Enviromasonry
Blocks. Source: Author

Figure 5.28 Underfloor heating
during installation Source: DACE

Figure 5.31 Solar workshop in progress
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EXTERNAL WALLS

The external walls are non-load bearing and are
constructed from natural Derbyshire stone. The coursed
stone is cut limestone from Longcliffe, which
demonstrates two techniques.

The wall panels are split
faces and the piers are
polished faces otherwise
known as ashlar.

This shows how limestone can be used in different ways and
emphasizes the linear contrast to the vertical wooden frame.

The large plinths at the bottom
are Gritstone from Birchover .
This has been cut to give a
solid mass appearance.

Figure 5.32 Information board about building element Source: Author
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Figure 5.33 External space for practising traditional construction skills
Source: Author

Figure 5.34 Internal view Source: Author Figure 5.35 Visible rainwater
harvesting system
Source: Author
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Figure 5.36 Display of real-time rainwater collection data Source: Author
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5.4 The Core Building

Figure 5.38 The Core building in the context of its surroundings Source: Author

Architects: Grimshaw; Jolyon Brewis & Jerry Tate
Location: Eden Project, Cornwall, UK
Cost: £14.4m

5.4.1 Key sustainable features

• Biomimetic design (literally meaning imitating nature) and sustainable construction
techniques.

• Building Management System (BMS) to regulate and optimise energy use.
• High efficiency gas-fired boilers
• The roofing material is constructed from sustainably sourced copper. The Core

project developed a new certified supply chain for this material.
• The roof structure and frame are pre-fabricated glued laminated (glulam) beams

from an FSC certified sustainable source. All off-cuts used as fuel.
• Rainwater collection
• Automatic sensor water taps
• Photovoltaics
• Energy efficient lighting using LED technology
• High levels of insulation using Warmcel (100% recycled newspapers)
• Warming the air via ground tubes before it enters the building.
• A lobby reduces heat loss from the building
• Additional electricity from a renewable energy tariff.
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• Use of recycled materials as flooring: bottles, truck tyres and reclaimed wood
• Actively investigating the future use of geothermal, solar, air-source heat, biomass

and wind and hydro technologies
• Operate a green travel plan
• Segregation and recycling of on-site waste (45%)

5.4.2 General description
The Core building was intended to be a 'test bed' for public education. It includes space

for activities such as storytelling, public performance, classrooms for a full schools

programme, cafeteria, workshop rooms, office space and a visitor centre housing a vast

array of interactive displays including automata, machines, artefacts and models designed

by 'engineered arts'.

The Core building was designed to be an iconic building to provoke curiosity and honour

the way plants power the world. The building itself is an exhibit; having taken inspiration

from the tree, with a central trunk and canopy roof that harvests the sun. The form of the

roof mimics nature's fundamental growth patterns in the form of opposing spirals. Based

on the Fibonacci series the roof is created from an intricate web of curved timber beams,

a pattern found in many natural forms including the seeds of a sunflower head, pine cones

and snail shells.

The Core is described as much a piece of artwork as it is a building and as much an

expression of the botanical form as it is a space in which to tell the story of natural

processes. The design for the Core was a unique collaboration between artist and

architect and it is argued that it is perhaps the first time that an artist has informed the

design process to such an extent on a building of this scale.

Inside the building there are three floors connected by stair and lift. The ground floor,

which children can reach from outside through a tiny door and down a slide, is given over

to interactive and experiential exhibitions based around the power and importance of the

world of plants. The second floor branches out into spaces for exhibitions, films, talks and

children's workshops. The third floor accommodates office space and a cafeteria with

terrace view of the biomes and undersides of the spectacular roof structure.

A significant impact of the building beyond the site itself was the procurement of the

copper for the roofing system. The US mine from which the copper was sourced has

amongst the highest environmental and social standards of any copper mine in the world.

The Core project was the first in the world to insist that all the copper used for the roofing

~1~tem naa a sustainable chain of custody, from sourcing to manufacture. This led to a

new process of separation being used by a major organisation that is now able to offer
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certified and sustainably sourced copper products for the global construction industry

illustrating significant organisational behavioural change as a result of working on a

sustainable building.

The structure is visible and intersects through floors and other building elements allowing

the building to 'explain itself.'

5.4.3 People and pedagogy
Housed within the Core are a great many innovative interactive dispiays encouraging

experiential leaming through self-directed and user-centred inquiry and play. There are

also many displays of student works physically integrated in and around the building

which serves to 'stitch' the building into the wider community.

The Core was intended as an education centre and hub for events, exhibitions and

leaming for everyone. A place to 'grow ideas, a meeting place where you can discover,

leam, do, make, play, listen, talk, communicate, participate, watch, be entertained and

enjoy.'

Across the Eden Project it has been recognised that staff have a significant impact on

sustainability and in particular energy use in and around their buildings. Their 'Every One,

Every Watt' campaign extends the energy policy to every member of staff, encouraging

them to get involved in reducing as many watts of power as possible. both at work and

home. The Big Green Hand awareness-raising campaign gives Eden staff access to

borrow a household energy meter for free and encourages them to call an energy hotline

run by the Energy Saving Trust.

Eden engaged all those working on the build in the ethos of the project. Site inductions,

posters, toolbox talks and training of sub-contractors as well as the Sustainability Award

Scheme for sub-contractors helped involve a wide variety of stakeholders. The whole

Core team took part in the Construction Skills Certification Scheme (CSCS).

Eden worked with a number of partners to share the leaming experience, including

Cambridge and Plymouth Universities, the Comwall Sustainable Building Trust and

Constructing Excellence. Sharing lessons leamt was a stated element of the Core's

sustainability goals. Leaming was shared across educational sectors: from schools to

colleges and universities and Eden are working with the Construction Industry Training

Board (CITB) to promote the construction industry as a career option in schools, colleges

and beyond.
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End-users were included in the design process and asked about their waste strategies to

ensure their needs were incorporated. There was also training and induction for all

workers using the Core building.

The design team worked closely with the Sensory Trust to ensure a holistic approach

setting high targets for an inclusive approach to the design and management of

landscape, external spaces and the building itself.

The team are proud of what they achieved in the Building of the Core: from creating new

social targets to the development of a certified supply chain for the copper used on the

roof. They hope to 'continue to work with partners to make their buildings safe, inclusive

and sustainable ... and to push the boundaries in every new project.'

Figure 5.39 The sustainably sourced copper roof

Figure 5.40 Key materials - stone, timber and copper. Source: Author

221



Figure 5.41 Visible and tactile structural element Source: Author
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Figure 5.42Visitor cafeteria under visible roof system

Figure 5.43Over-complex user-centred lighting controls Source: Author
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Figure 5.44 Interactive educational displays housed within the Core building
Source: Eden

Figure 5.45 Interaction Source: Eden
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Figure 5.46 The SEED sculpture at the heart of the Core building -reflecting the
opposing spiral design found throughout nature which inspired the design of the
Core building. Source:Eden

Figure 5.47Local artists are encouraged to display their works. Source:Eden
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Figure 5.49 Results from sustainable school workshop displayed in the Core
building Source: Author

Figure 5.48 Mud and straw wall tiles made at Glastonbury Festival
Source: Eden
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Figure 5.50 Mosaics by local students illustrating the water, nitrogen and carbon
cycles integrated into the finishes of the building. Source: Author

Figure 5.51 Sensory garden around the Core building Source: Eden
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Figure 5.52 The Fibonacci inspired roof design with solar photovoltaics
mimicking photosynthesis Source: Author

Figure 5.53 The Core building in the context of the Eden Project Source: Eden
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5.5 The Genesis Project Building

Figure 5.54 The entrance to the Genesis Centre Source: Genesis

Architects: Architype Ltd.
Location: Somerset College of Art and Technology, Taunton, Somerset, UK.
Cost: £2.5m

5.5.1 Key sustainable features

• Cutaway sections that reveal the construction methods and use of sustainable
materials.

• Many of the finishes are from 100% natural materials ranging from wheat fibre
board to earth renders.

• Landscaping is designed to replicate natural drainage through the creation of
wetlands and ponds. Pollutants are filtered at, or close to, source.

• A 37kW wood pellet biomass boiler provides the hot water for the underfloor
heating.

• Each pavilion was designed to reduce the need for artificial lighting.
• A 5.1 kW photovoltaic array provides the Centre's electricity. Any surplus energy

generated is directed to other College buildings.
• Retaining walls were erected with gabions. These are modular cages filled with

stones which can conform to ground movement, dissipate energy from flowing
water and drain freely. Silt and vegetation fill the interstitial voids and reinforce the
structure

• Furniture is made from waste wood recovered from the previous building
demolished to make way for Genesis.

5.5.2 General description
The concept behind Genesis was to demonstrate the many different techniques and

materials for sustainable construction. The overall design had to be flexible and have the

ability to stay leading-edge where necessary replacing old technology with new. It

demonstrates that traditional construction materials and methods can work in harmony

with innovative modem materials and techniques to create resource efficient, climate-

proofed contemporary buildings. It further demonstrates the integration of 'natural'
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materials into mainstream new-build projects and the integration of energy efficiency

measures into traditional buildings.

In the 1970s the College had previously built, with the local education authority, a building

to help the construction industry learn how to adapt from imperial measurements to

metric. A great many construction workers were retrained using the building. After it had

served its purpose, the building was demolished in 2000, and the land was available for

the next generation of building. Students and staff felt that sustainability was the priority,

and an area of expertise that was underdeveloped in the College.

The Genesis Project started with a student assignment carried out by the College's HNC

Construction students. The students produced designs and the College, with the help of

the Construction Industry Training Board (CITB) approached the Regional Development

Agency with a view to turning the student project into a reality. Everyone involved could

see the potential of such a resource and 2 years later building commenced. Throughout

the design and construction phase the ECOS Trust, formerly Somerset Trust for

Sustainable Development, helped formulate the design brief and challenge the design

team.

The Genesis project has 4 pavilions built around a central core that illustrate different

sustainable building methods including straw bale construction, thin mortar jOint clay block

construction, rammed earth construction and timber frame construction. The entire Centre

is designed to readily accommodate future changes through the removal and replacement

of any or all of the pavilions. The externally protruding portion of each pavilion is fully

finishes and weather tight, whilst the internally protruding sections have their fabric

stripped away to reveal and demonstrate the construction.

5.5.2.1 Main glass pavilion
A space designed to promote the exchange of ideas, exhibiting best practice

technologies, with outside space for practical construction courses. Lightweight high

strength steel and glass construction facilitates high levels of natural daylight High-tech

conduit for the flow of energy, water and ventilation, that acts as an environmental buffer

zone and exhibition space.

5.5.2.2 Earth pavilion
Earth's ability to absorb and release both heat and moisture makes the pavilion well suited

to its use as the Centre's shop and information centre. This pavilion was constructed
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using locally sourced subsoil. Designed to demonstrate rammed earth, traditional cob

construction and earth blocks, the pavilion highlights their contrasting styles and

properties.

5.5.2.3 Straw pavilion

A hybrid construction of pre-compressed bales and a timber frame, the pavilion serves as

seminar rooms and demonstrates a use for an industrial by-product. Energy efficient, cost

effective construction with good acoustic and thermal insulation properties.

5.5.2.4 Clay pavilion
Highlighting construction best practice from Europewith a view to adoption in the UK. The

walls are in German fired clay blocks - a material which combines structure, extemal

envelope, moisture protection and insulation in one, offering a rapid Single skin

construction. Thin horizontal (bed) joints, without vertical joints, reduces mortar

requirement by up to 40%.

5.5.2.5 Timber pavilion

Lightweight super-insulated timber frame construction is used as office space. Its

construction is off-site pre-fabricated modules. Wherever practically possible, the timber

was sourced from sustainably managed forests. Insulated using recycled newspaper, with

rapid heating response, this construction is ideal for sporadic demand environments such

as offices which require rapid heating and cooling. Also known as 'responsive' buildings.

5.5.2.6 Water pavilion

The Centre's toilet facilities provide a working demonstration of the latest thinking in water

conservation through efficiency. The pavilion seeks to promote the value in adopting the

use of short pipe runs, small bore pipe, low water use toilets, waterless urinals, controlled

flow taps and solar heated water.

5.5.2.7 Living roofs

Two of the four pavilions are finished with living roofs. Extensive green roofs are visually

attractive, low maintenance, improve rainwater management, thermal performance and air

quality, reduce sound transmissions and provide habitat for wildlife. Brown roofs in

addition are a way of replacing the unique habitat that is lost when brownfield sites are

redeveloped.
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5.5.3 People and pedagogy
The Division of Construction at Somerset College is a Centre of Vocational Excellence

(COVE), and the first in the country to have received the award with 'sustainability in its

title.

The Genesis Centre is used for the development and delivery of education and training

programmes offered in sustainable construction. The Genesis Project is self funding and

offers bespoke educational programmes. The Centre serves as a facility which helps

people across the South West of England to access information on sustainable

construction and which gives the opportunity to view and experience high quality buildings

which have been constructed using sustainable methods.

It also provides learning resources and materials, in a range of media, to other training

and education partners in the region.

Key audiences are primary and secondary schools, further and higher education students

and Colleges and professionals from the construction industry as well as individuals

involved in restoration and self build.

The Centre has created activities for both primary and secondary school pupils that map

against the national curriculum and that introduce sustainability issues, fitting with the

National Framework, DFES Eight Doorways and supporting Eco School status.

It delivers activities, curriculum packages and events to promote sustainable practice

beyond the initial construction remit. It explores, explains and evaluates cutting edge

thinking in sustainable construction by introducing the use of sustainable practices and

materials into the mainstream construction industry. The courses offered range from 1 day

introductory workshop in Greening your Business through 10 week flexible learning

packages in Sustainable Construction to a 2 year full-time Foundation Degrees (FdSc) in

Sustainable Construction (with Modem and Traditional Pathways).

A teacher who regularly used the building stated that "the use of natural and healthy

materials had a positive effect on the behaviour and project learning of students compared

to more conventional teaching and learning spaces".

The Genesis project has strong links with the construction industry. Professionals visit

Genesis for new and innovative ideas, to find out how sustainable construction works in

practice, to network and to take sustainable construction courses as well as using the
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space for their own projects and meetings, corporate events, product launches and

exhibitions. Many construction companies and organisations have pledged their skills as

partners to Genesis to provide expertise and products and sponsorship for events.

Accredited continuing professional development (CPD) for construction professionals and

people involved in self build or interested in sustainability in general are run from the

Centre with speakers at the cutting edge of sustainable construction. A set of nine CPD

events seeks to pass on what has been learnt about the materials and technologies used,

the skills needed to work with them, the knowledge gaps that exist, relevant legislation

and the research and development that is currently taking place around them. Each event

explores what place the methods of construction and materials used on the Genesis

Centre have in mainstream construction practice. The Centre is promoted as a visitor

attraction throughout the South West.

Figure 5.55 External view of Genesis centre~ ._ Source: Genesis
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Fiaure5.56TheTimberPavilion. Source:Genesis

Figure5.57TheCla-ypavilion. Source:Genesis-

Figure5.58Ziegelblocks Figure5.59Ziegelblocksshownin-situ
Source:Genesis
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Figure 5.60 Passive ventilation windcatchers

Figure 5.61 Earth Pavilion showing 3 kinds of earth construction. Source: Genesis

Figure5.62 From left to right: rammed earth, adobe earth bricks, cob wall.
Source: Genesis
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Figure 5.63 Earth floor finish. Source: Genesis

Figure 5.64 Finished cob wall Source: Genesis
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Figure 5.65 Finished rammed earth wall Source: Genesis

Figure 5.66 The Earth store Source: Genesis
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Figure 5.67 Earth store products for sale. Source: Genesis

Source: GenesisFigure 5.68 The Straw pavilion.
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.. Figure 5.69 The process of strawbale construction. Source: Genesis

Source: Genesis'Figure 5.70 The Timber pavilion.

Figure 5.71 Insulating the timber pavilion with Warmcell. Source: Genesis
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Figure 5.72 The Water pavilion. Source: Genesis

Figure 5.73 The living green roof. Source: Genesis
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Figure 5.74 Living roof run-off detail. Source: Genesis

Figure 5.75 Sustainable Urban Drainage System (SUDS) replicates natural drainage.
Source: Genesis
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Figure S.76 Display explaining construction processes. Source: Author
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Figure 5.77 The school with constructed wetlands in the
Source: Author

Architects: Kieran Timberlake Associates
Location: Washington D.C. U.S.A.
Cost: Not Known

5.6.1 Key sustainable features

• Constructed wetland treats building wastewater on site and recycles it for grey
water use in the building saving 93% of District water supply.

• Green roof vegetation holds and filters rainwater; gutters and downpipes direst
rainwater to a biology pond, which supports native habitats.

• Building orientation, passive and mechanically assisted ventilation, and solar
chimneys reduce the need for supplemental energy for heating and cooling.

• Window placement, skylights and light shelves maximise use of natural light in
new and existing classrooms.

• 5% of the building's total electrical load is generated by photovoltaic panels.
• Recycled, rapidly renewable and locally produced materials such as gypsum,

linoleum, bamboo and agrofibre board are used as finishes in the building.
• Reclaimed greenheart timber is used for interior wood flooring and exterior

decking; copings, site walls, and walkways are of recycled stone.
• Exterior wood cladding and sunscreens are made of reclaimed western red cedar;

vertical sunscreens are oriented to balance thermal performance with daylighting.
• Paints, carpets, and adhesives are selected for low emission of volatile organic

compounds.
• Energy performance is optimised with energy efficient lighting with daylighting and

occupancy controls, HVAC economiser, demand-controlled ventilation, variable
speed fans and pumps, energy recovery, and high efficiency boilers and chillers
resulting in 60% energy savings.

• 60% of the waste generated during construction was diverted from landfills and
recycled.
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5.6.2 General description
The school was founded on Quaker principles, which includes a dedication to

environmental stewardship. A need to expand capacity was a catalyst for the school to

enhance its curriculum with an environmentally responsible focus enabled through the

renovation of existing buildings and a new 39,000 square feet addition reflecting an

aesthetic derived from environmental and ethical principles. The decision to construct a

new Middle School, choosing sustainable design principles, was a logical expression of its

values and a reinvigoration of its connection to Quaker traditions.

The architects are firm believers in building behavioural modifications into architecture and

the Sidwell Friends School project was an ideal opportunity to combine their designs for

sustainability with the pedagogical needs of the School.

The design team oriented the building to take advantage of passive solar design, and light

shelves and shading devices deflect daylight deep into the building whilst preventing glare

and unwanted heat gain. High levels of thermal insulation, combined with operable

skylights, windows, and cooling towers that passively exhaust hot air, eliminate the need

for mechanical cooling on all but the hottest days.

If windows are opened in certain classrooms, central heating and air conditioning systems

in those rooms shut down and are replaced with a system to enhance natural ventilation.

Assisted by solar chimneys which heat and draw air through vertical shafts in the building,

hot air rises through convection and is exhausted above the building roof.

The building features cladding made from 100-year-old wine barrels as well as flooring

and decking made from salvaged Baltimore Harbour pilings.

Located near a Metro stop and several bus lines, Sidwell also features bicycle storage

and showers to encourage environmentally-friendly transportation. Parking spaces are

located underground, decreasing their contribution to stormwater run-off and the urban

heat-island effect - and allowing the school to showcase more than 80 native species of

plants instead of parked cars.

The new building achieved a Leadership in Energy and Environmental Design (LEED)

Platinum Award, the highest rating of the four categories awarded by the U.S. Green

Building Council (USGBC) and was the first Platinum rated building in Washington DC.
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5.6.3 People and pedagogy
The curriculum is grounded in teaching students about the natural wor1d and -their

relationship to it. From the outset it was a belief that a 'green building' provides an

opportunity to achieve an outstanding level of integration between the curriculum, values,

and mission of the School.

Teachers at all grade levels have access to the project's landscape and building systems,

and many have designed lessons around this opportunity. Students grow vegetables and

herbs for the cafeteria on the green roofs, which also sequester rainwater and reduce

stormwater run-off. The constructed wetland treats wastewater from the kitchen and toilets

and serves as a living laboratory where students can learn about biology, ecology, and

chemistry.

Wind chimes in the air shafts allow students to hear air moving naturally through the

vertical shafts.

The optimal use of daylight in classrooms is believed to enhance the health, happiness,

and ability of students to concentrate and learn. Sidwell Friends School is participating in

a study by Yale University of green buildings investigating how the design affects health,

emotional well-being, intellectual performance, motivation and social interaction. One

student stated, 'the extra natural light in the classrooms really keeps you awake and

enjoying the day.'

Mechanical controls, placed in prominent locations, are highlighted rather than hidden,

just as monitors throughout the building give students real-time updates of the building's

environmental systems.

As a result of the increased environmental credentials of the School the cafeteria serves

more organic and locally grown food and pupils and staff have redoubled their recycling

efforts

The school's sustainable features are intended to teach and inspire current pupils and for

those students to carry and transfer their knowledge and appreciation of natural systems

into the future.
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Figure 5:78Vertical and horizontal solar sh~~J!!9__!:ievi~_E!~_ Source: Sidwell

Figure 5.79 Solar photovoltaic array with feedback display situated in classroom.
Source: Author
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Figure 5.80 Living green roof.
Source: Author

Figure 5.82 Roof garden for student learning
Source: Author

247



Figure 5.83 Solar reflector in corridor redirecting daylight into classrooms.
Source: Author

Figure 5.84 Rainwater collection tank.
Source: Author
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Figure 5.85Scale model of Sidwell Ie School displayed in foyer. A teaching and
learning resource helping students and visitors to understand the building.
Source: Author
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Figure 5.86 Poster displays explaining sustainable features of the building.
Source: Author

Figure 5.87 View of horizontal solar shading device. Source: Author
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Figure 5.88 Water feature integrated into water management system used as
teaching and learning resource. Source: Author

5.7 Chapter summary
Having established the general design intent and sustainable credentials of each of the

five case study buildings in this chapter, the following two chapters analyse the impact of

the sustainable features on key stakeholders engaged in the design, construction,

operation and use of the buildings. Establishing whether the aims and objectives of the

organisations, in terms of building environmental performance, educational aspirations

and impacts on sustainable behaviour change, have been fulfilled, highlighting best

practice, opportunities for improvement and further research.

Chapter 6 gives a detailed analysis of stakeholder perceptions through an online survey

and Chapter 7 presents the analysis of openly coded data from responses to detailed

face-to-face interviews using semi-structured questioning.
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Chapter 6: Findings from On-line Case Study Survey

6.1 Introduction

The research methodology based on the five case study buildings broadly involves a pre-

construction, construction, operational and user evaluation of the impact of the buildings

on sustainable behaviour, enabling an in-depth lifecycle analysis to be undertaken across

the five buildings in question. Section 1.2.2 of Chapter 1 contains a detailed discussion of

the selection of the online survey methodology used, and its advantages and

disadvantages as a sub-set of the core research methodology.

This chapter and the following chapter represent the application of the research

methodology to the five case study buildings, showing findings. Chapter 8 offers an

analysis of the findings linked to the mechanisms for sustainable behaviour change,

presented in preceding chapters. The case studies use both qualitative and quantitative

research techniques allowing for analysis of individual perceptions and insights, as well as

quantifiable empirical data leading to a broader set of conclusions. This has highlighted

political, educational, ethical, social, psychological, environmental, technological and

economic barriers and limitations as well as successful and repeatable strategies for

teaching and leaming about sustainability through the built environment Key aspects

elicited from the interviews and questionnaires are highlighted and analysed.

The study of the interaction of people and buildings, in a sustainability context attempts to

identify triggers for sustainable behavioural change and highlight both common practices

and innovative approaches and methods which offer evidence of behavioural change

which may reasonably be attributed to the building itself, whilst also revealing challenges

and barriers encountered in achieving behavioural change through sustainable buildings.

This chapter presents the findings via an online questionnaire based on the five selected

best practice case studies, detailed in the preceding chapter, to establish how exemplar

sustainable buildings, with sustainable educational functions and agendas, have in

practice affected sustainable behavioural change. The data is presented under the four

headings; preliminary questions, pre-construction phase, construction phase and post-

construction phase. The objective is to elicit successful practices, failings and

opportunities for procedural change in terms of building design, construction and

operation, to inform current thinking and further the understanding of how buildings can

encourage sustainable behaviour. Standardised on-line questionnaires (see Appendix IV)

have been designed to investigate both behavioural regularities and anomalies among
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people with particular characteristics, to enable the quantification of source data intended

to broaden and reinforce the qualitative primary research data.

6.2 Preliminary questions

This first section of the questionnaire begins with a brief introduction to the aims and

objectives of the research project and how the survey informs the theory and practice of

sustainable buildings and human behaviour. The term 'sustainable behaviour' is defined

for clarification to guide respondents in answering the questions and to enable a common

focus to be achieved. A statement about confidentiality is also included. Personal details

were requested in the first question in order to identify individual respondents by name

and organisation, with contact details for any follow-up requirements.

Question 2 establishes all 29 respondents' job titles in order to get an idea of what

individual roles are performed in relation to the buildings' design, construction, operation

and/or use. This enabled views to be compared and contrasted for those with both similar

and differing jobs. Figure 6.1 shows the relative number of respondents by job title.

Percentage of Respondents by Job Title

Figure 6.1 Percentage of Respondents by job title

40'X.

Although a direct correlation between the roles of respondents and their willingness to

take part in the survey cannot be inferred from these results, Figure 6.1 supports findings
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from the anecdotal evidence from the interviews (see Chapter 7) that attitudes vary

considerably between roles in their willingness to engage in the consideration of a

buildings' impact on personal behaviour. Educationalists were overwhelmingly willing to

consider the behavioural change aspects and potential teaching and leaming attributes of

their building. Architects and Engineers tended to be quite difficult to engage with or

lacked willingness to consider the sustainable impacts of the building, particularly after

completion, which became more pronounced over time as they became further removed

from the project and engaged in other projects.

Contractors generally showed reluctance to take part in the survey. This was due partly to

on-site time pressures but they were also relatively guarded about discussing working

practices which from the interviews for one case study were revealed to have caused

delays and contractual problems. This reflects the increasing litigious behaviour in the

construction industry. There was also some scepticism shown about the overall

sustainability agenda which had a knock-on effect in undermining the perceived credibility

of the research.

Question 3 asked respondents 'What three words come to mind when you think about the

building?' The aim of this question was to establish what psycho-emotional, physiological

and other responses are triggered when considering the relative merits of the buildings in

question and whether a causal link can be inferred between these responses and actual

behaviour, as discussed in Chapter 3. The responses are presented in the form of a 'word

cloud' in Figure 6.2 which indicates the frequency of responses by the relative size of the

word. A total of 149 words from 49 respondents are illustrated.

inspirational
temporar smellaneI _

_.., 1IoofI,.......

spacIous
-i;naturaleeo

Source: wordle.com

Figure 6.2 Responses to the question 'What three words come to mind when you
think about the building?' in the form of a 'word cloud'
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Question 4 elicits respondents' knowledge and understanding of the use of an

environmental rating system and its impact on the development of the building and is

illustrated in the form of a pie chart, shown in Figure 6.3 and through qualitative data from

textual responses, discussed below.

How did the use of In environmental rating system e.g. BREEAM
mpact on the development of this building?

_ Nat eel

lns,gndieaIt
_ NIner SI eame

_ Stg'Hfieant

_H,gNys~

Es .......

_Dc",'"",,",

Figure 6.3 The impact of the use of an environmental rating system on the
development of the building

r-rom Figure 6.3 it can be seen that a significant number of respondents (50%) were not

aware of the impact of the use of an environmental rating system, which is not surprising

as not all respondents were involved directly with the design and construction process but

this does highlight the need to involve and integrate post-occupancy phase stakeholders

with some of the design and construction processes that have implications for the

operation and use of the building. BREEAM is developing in this direction. From those

respondents that did indicate an awareness of the impact of BREEAM 42.3% showed a

positive impact on the development process of between 'significant' and 'essential'. 7.6%

of respondents indicated that the use of BREEAM was either 'insignificant' or it was 'not

used'.

From the textual responses to this question it is clear that environmental rating systems

for buildings force designers to look at many aspects of sustainable design and the rating

system being in the minds of designers ensure that design decisions are made to be as
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sustainable as possible and could be checked and altered at an early stage if they did not

match up to the rating system. One respondent stated: "the rating system allowed tangible

and clear directives on how to achieve the intent of credits".

The next question (Q.5) was designed to discover the critical drivers behind the

development of the five buildings and the responses can be seen in Figure 6.4.

To what extent were the fo"owing drivers relevant to the development
of this buHdlng?

_Dcn'Kncw
_ Essenllal

_HigHyRelI!'nllll

_RelevJI1I
_ Marginal

_1rT,""",",,,

Figure 6.4 Critical drivers to the development of the buildings

From Figure 6.4 it can be seen that environmental and educational aims and objectives

Tor the buildings, in relation to other factors, were critical in driving their development

forward. This corroborates the selection criteria of the buildings for case study analysis as

being exemplary in their goal of achieving sustainability allied with pedagogical functions.

These two factors in the range 'relevant' to 'essential' were considered the most important

at 87.6% for environmental and 86.2% for educational with only 10.3% and 13.8%

respectively, not having an opinion.

The economic factor achieved 75% in the range 'relevant' to 'essential' with 21.4% of

respondents not having an opinion and 3.6% stating that economic considerations were

'marginal'. This suggests that sustainable building projects, with additional educational

objectives, economic factors are important but do not always represent the 'bottom line'

when other key factors are internalised.
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The next driving factor was 'social' criteria showing 72.4% in the range 'relevant' to

'essential' with 27.6% of respondents not having an opinion. Lastly legislative drivers were

shown to have 44.4% inclusive for the relevant and highly relevant options with no

responses for 'essential' and a relatively high level of no opinion at 48.1 % with a score of

7.4% showing that some respondents thought legislative drivers were 'irrelevant' to the

project. Other textual responses suggested that political and aesthetic factors also drove

the projects forward.

Question 6 sought to discover how working on or in the buildings in question had changed

personal sustainable behaviour in various aspects of the individuals' everyday lifestyle.

The results are shown in Figure 6.5 and discussed in Chapter 8.

Has working on or Inthis building changed your sustainable
behaviour In any way?

~.------------------------------------------

_Oon'Know
_T~
_HlgIIl~
_ Sarre 111'4*1

_Lawl~
_ Nolrrl>ad

Figure 6.5 Changes in sustainable behaviour as a result of working in or on the
buildings

From Figure 6.5 it can clearly be seen that respondents feel the greatest impact on their

sustainable behaviour, as a result of their contact with the building, is in their professional

life followed by their home life, general lifestyle and leisure pursuits, respectively. Many of

the respondents stated that their level of "eco-awareness" was already quite high, as

many were involved in environmentalism and therefore considered that the overall

sustainable message was well known, but that individual features of the building had had

a significant impact, particularly as experiential examples of sustainable systems which

had "not been previously known or considered."
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The final question in the preliminary phase of the questionnaire, question 7, establishes at

what stage or stages the respondents' were involved with the development of the building

at pre-construction, construction and/or post-construction phases. This enabled the

respondents to skip the parts of the questionnaire that were not relevant to them and

highlights the relative numbers of people engaged at each phase of the building. Clearly,

some respondents will have been involved at different stages.

As can be seen in Figure 6.6, 41.4% of respondents were involved at pre-construction

phase while 44.8% were involved at construction phase and significantly more at post-

construction phase at 82.8%. This reflects the relative involvement of stakeholders

throughout the lifecycle of the buildings, highlighting the importance and impact of people

after the building has been completed, in terms of their roles in maintaining operational

performance. However, there was generally a low response rate, as low as 10 and 20%,

to many of the questions in the pre-construction and construction phase sections, either

choosing not to answer or selecting the 'don't know' option. This was due, in part, to the

fact that three out of the five case studies had been completed for some time when the

survey was undertaken and these stakeholders were more difficult to contact. Two of the

five case studies were under construction at the time of the survey.

Were you Involved with this project at

PI1H:OIIStrucuon

lSS 10 20

Figure 6.6 Level of involvement at different phases of construction
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6.3 Pre-construction phase survey
This section of the questionnaire elicits responses from those involved in the pre-

construction phase of the buildings including project development, procurement, tendering

and design in order to establish the levels of engagement of various stakeholders. It is

hoped that this will highlight areas of good practice which have positively affected the

sustainable behaviour of groups and individuals at pre-construction phase with resulting

benefits throughout the construction and post-construction phases with higher levels of

environmental performance for the buildings and the sustainable behaviour of

stakeholders. This is therefore a critical stage in the development of a building as major

decisions are made that are then implemented by other stakeholders who have less

control. As shown above, in Figure 6.6, 41.4% of respondents were involved at pre-

construction phase.

The aim of the first question (0.1) was to discover which groups were involved during the

pre-construction phase. As discussed in Chapter 4 the importance of integrated design

and the involvement of key stakeholders in the design process, is critical in achieving a

building that can meet its sustainable design goals, in terms of resource efficiency, health

and well-being of occupants and, in the case of the selected buildings, educational aims

and objectives.

Which of the following groups were Involved during the pre-<:onstruction phase?

1~~~-------------------------------------------------------
l000·,~l00%4--~--,---------------------------------------------------

Figure 6.7lnvolvement of key stakeholders during the pre-construction phase
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As can be seen from Figure 6.7, architects and engineers unsurprisingly figure highly in

being involved at pre-construction phase. Sustainability consultants are shown to be quite

strongly involved reflecting the sustainable nature of the buildings requiring specialist

knowledge as are, to a lesser degree, environmental rating assessors who, earlier in this

study, have been shown to have a positive impact on the whole development process in

aiming to achieve a high environmental rating.

The second question (Q.2) in this section highlighted to what extent various stakeholders

understood the purpose and function of the buildings (see Figure 6.8). This has powerful

implications for success or failure in the proceeding stages of project development and

can determine the overall economic, technical, environmental, social and pedagogical

performance of the building and its occupants. Looking first at the stakeholders, reported

as showing least understanding in the range 'not understood' to 'understood a little', it can

be seen that sub-contractors came out worst with 66.7% This was found to be true both

from the literature review and interviews, reasons given include 'distance from design

team', 'lack of specialist skills and training', 'distillation of instructions', 'non-sustainable

working practices' and 'inconsistency of team membership'.

To what extent did the following stakeholders understand the
purposelfunctlon of the sustainability of this building at pre-construction

stage?

_ Not undeBlood

_ Undetslood a lIttle
_ UncI=DxllT'OSt

_ ~{Inlerstood

_ Doo,kOON

12

Figure 6.8 Understanding of the purpose/function of the sustainability of the
building at pre-construction phase
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Next to indicate a degree of not understanding the purpose and function of the building

were user groups showing 30% in the range 'not understood' or 'understood a little' but

with 60% in the range 'understood completely' and 'understood most'. The users of

buildings are a very varied group of individuals with different interest levels and knowledge

of buildings which is reflected in this response. In addition, potential users may be

precluded from the design phase, or information about the design, for a number of

reasons which will reduce their understanding. However, it is clear from this study that

building users are significant to the successful and sustainable operation of buildings and

their knowledge and understanding of the building should be maximised throughout the

process of development, most crucially at pre-construction phase.

The results for the perceived level of understanding of the contractors show that a

significant number at 66.7% 'understood most' about the purpose and function of the

sustainability of the buildings at pre-construction stage with 'a little' understanding and

'complete understanding' in equal measure at 11.1%. Not all the projects involved the

contractor at pre-construction phase due to contractual variations but where contractors

were able to be involved it was clear, in terms of sustainable site practices and overall site

management, that tangible benefits were evident in the appreciation of particular skills

required for personal and organisational behaviour to clarify and optimise working

practices.

The developers, as a key element in driving the development of the building, show a

varied level of understanding for the purpose and function in terms of the sustainability of

the buildings and this reflects the often conflicting priorities, often related to economic

factors and perceived higher capital costs of sustainable features over mainstream

construction methods with the additional complexity of pedagogical functions, in this

instance. A recurring theme emerging from this study is that developers often neglect to

consider the long term sustainable goals of a development because of their disconnection

after completion of the project. Developers look to costs and benefits in maximising

financial gains driving down the sustainable credentials by value-engineering projects.

Where the developer is also the client the sustainability agenda tends to be a higher

priority and from Figure 6.8 it can be seen that the client achieves a high level of

understanding.

The quantity surveyor is concerned with costs and has to reconcile this with sustainable

methods, materials and technologies and therefore requires a good level of understanding

of a broad range of options and works closely with the design team. If the quantity

surveyor is not familiar with these options there can be discrepancies in calculations that
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can have detrimental effects on the financial viability of the project. There is a clear need

for sustainable practices to be embedded at initial education at training and ongoing

professional development in the sustainable behaviour, knowledge and skills of Quantity

Surveyors in practice.

For some of the projects the local authority acted as client driving the sustainability

agenda and for others they were involved as the legislative body enforcing building

regulations and planning. Therefore the survey shows considerable variability in the

understanding of the purpose and function of the sustainability of the buildings.

Question 3 established some of the pre-construction sustainable design decisions that

were considered but not utilised within the building. The aim of this was to analyse the

decision process and implications for the rejection of certain materials, technologies or

methods over the adoption of others and how this could have changed sustainable

behaviours.

w_ anyaltemativ. sustain~ materials.technologies or m.thods conslderwd
at design sta~ that were n01 U1IlIsed In th. building?

_Ne
_ Dcn'Knc...

_Yes

Figure 6.9 The consideration of alternative sustainable materials, technologies or
metnoos.

As can be seen in Figure 6.9 a high proportion of respondents stated that altemative

sustainable materials, technologies or methods were considered at pre-construction

phase but were not utilised in the building which reflects the complexity and diversity of

options in achieving a sustainable building through a multitude of construction techniques,
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materials and technologies. Textual responses were invited as to why this was the case

and there follows a summary of those responses.

For one project, ground source heat pumps were considered, as were several renewable

energy strategies, but economic and technical analysis showed they were not viable at the

time. With the onset of government subsidies for renewable heating systems, the

Renewable Heat Incentive and for renewable electricity production, the Feed in Tariff

these options could have been afforded.

Structural alternatives including large prefabricated earth blocks, straw bales and timber

stud framing were considered by design teams for one project and were rejected mostly

for aesthetic, practical and negative experiential reasons.

Another project considered electric car charging stations, as recommended by the

environmental rating system used. This was rejected because there were no electric cars

on the market at the time but in hindsight it was recognised that this was a missed

opportunity for future proofing the project. In some instances the lack of natural resources

negated the possibility of renewable energy technologies e.g. poor wind regime and wind

turbines.

Many different sustainable options are available for finishes and most of the design and

specification teams had to weigh project options. One example cited was the preference

of linoleum flooring over cork flooring for a high traffic corridor. Cork outweighs linoleum in

terms of overall sustainability but based on performance history it showed that it had

proven not to wear well.

Innovative and highly sustainable services, water supply and sanitation systems were also

considered but were rejected because of stringent legislative requirements.

Although this question elicited some useful information about the choice and selection of

sustainable materials and technologies a wider set of responses could have been

achieved which would have highlighted and quantified which alternatives were

considered, relative to each other.

Question 4 aimed to identify any skills and knowledge gaps for key sustainability criteria at

pre-construction phase and how these were resolved.

263



Were thfl'e any significant gaps in the knowledge or skills of any of the
staklholders at pr.-constructlon stage In relation to:

SustainableMaena

33.3 %
33.3%
33.3 ~~

Educaltonal ReqUIrements

33.3 ~~
33.3%
333 ~.

___ 1 __ -
444%

Efficient water1=====w~;~:~lechnologl8S I 33.3 !.

2 4 5

Figure 6.10 Skill and knowledge gaps

_Yes
_No
_ Dar. Know

6

From Figure 6.10 it can be seen that the largest reported skills and knowledge gap is in

'efficient water technologies' followed by 'efficient energy technologies' and 'sustainable

construction methods' with the knowledge and skills gap least for 'renewable technologies'

and 'educational requirements' followed by 'sustainable materials'. Comments were

invited as to how some of the knowledge and skills gaps could be resolved which included

additional research into technologies and other buildings.

One respondent stated that "elements we were least knowledgeable about were targeted

as high co-ordination challenges. We worked to identify the sub-contractors involved and

conducted several meetings surrounding specific installation issues. The elements that

utilised this process were the solar array, the reed bed system and mechanical controls."

Question 5 attempts to identify communication problems through textual responses by

asking the question: 'Were there any significant communication difficulties between

project teams or individuals during the pre-construction phase?' From eight responses to

this question six stated that there were no communication difficulties, one citing that they

were able to use their construction experience and sustainable building knowledge to

translate the 'language of sustain ability' to their sub-contractors. Communication

difficulties were identified between developer and architect. In one instance it was stated
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that the developer "kept the architect in the dark" whilst putting in place financing thus

creating delays, otherwise known as the 'mushroom principle'. The client was caught up in

political campaigns against an unpopular landowner and between contractor and architect

over detailed design work through a partnering contract.

Textual responses were again invited for question 6 which asked: 'To what extent could

working practices have been improved at pre-construction phase?' Responses generally

focussed on earlier involvement of key stakeholders to "diminish the leaming curve" and

"smooth the construction and occupancy processes". The early involvement was critical in

meeting tum-over dates and supports the proposition that an integrated design strategy is

critical in ensuring that design objectives are met throughout the construction and post-

occupancy phases. Other key responses showed that BREEAM had acted as a focus for

the whole project team at pre-construction stage and that the contractors' team should

have a design-oriented member to alleviate design-ta-practice barriers. Another

respondent stated that a swifter process from consultation to planning could have reduced

project inertia avoiding, in their own words "political upheaval".

Figure 6.11 shows the responses to the next question, question 7 in this section, which

aimed to establish any observed or experienced changes in attitude or behaviour of pre-

construction stakeholders for a number of key sustainability criteria. Generally responses

showed an overwhelming positive change in attitudes or behaviours particularly related to

the overall architectural desiqn, energy and water use followed by recycling and waste,

transportation and indoor environmental quality.

The process of project management at pre-construction stage returned a relatively low

positive response to attitudinal or behavioural change which could suggest a level of

dissatisfaction between project members which is supported by evidence gained through

the interviews (see Chapter 7). However, it should be noted that this question received the

highest number of 'don't knows' and given that the majority of respondents were not

involved at pre-construction stage this assumption is inconclusive.

Land use shows a 10% negative response and 30% positive response with the majority of

respondents, at 60%, selecting 'don't know'. Again, this could reflect the respondents lack

of involvement in land use issues but from other secondary and primary data sources it

can be seen that the use of land for development or redevelopment can be a highly

contentious issue and is unique to the location and circumstances of each individual

project.
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During the ,.,..conS1nlc:tlon pha_ dld you nodee a chang. In oth..-s "tdtud.s
or beh..v1ou.", (neg;ltlv. or posltl".) toward ~vironm.nt31 or sust:tinabillty

Issues for the following crtterl;l7

Figure 6.11 Changes in attitude or behaviour towards sustainable criteria at pre-
construction stage.

The final question in this section (0.8) asked: 'Is there anything you feel that could have

been done differently to enhance the sustainability of the building or sustainable behaviour

of stakeholders at pre-construction stage?' Key responses included that more money

should be spent on pre-construction design meetings, more comprehensive briefing of the

architect by the developer, enabling the formation of more detailed proposals and the use

of different contractors with a more proactive approach to innovative sustainable building

methods. One respondent stated that the building was successful because of the constant

project review, challenging design decisions made by the design team in order to achieve

better solutions. From these responses it can be implied that communication between

disciplines, more integrative working practices and challenging of set ideas would have

positive results on sustainability outcomes, in terms of the building and behaviours of

stakeholders.

6.4 Construction phase survey

This section of the questionnaire elicited responses from those involved in the

construction phase for the buildings including architects, project managers, developers,

contractors and sub-contractors in order to establish the levels of engagement of these

stakeholders. This has highlighted areas of good practice which have impacted on the

sustainable behaviour of groups and individuals at the construction phase with

implications on the post-construction phases in terms of levels of environmental

performance for the operation of buildings and sustainable behaviours of stakeholders.
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As shown previously in Figure 6.6, 44.8% of respondents indicated that they were

involved during the construction phase. For the projects under construction it proved

difficult to contact contractors and sub-contractors due mostly to time constraints and

even more so after completion of the construction phase because they were involved with

other projects and there was a general feeling of closure, preventing retrospective

consideration of previous work and some fear of facing and admitting to mistakes made.

Many other respondents chose not to complete this section as they felt they were not

involved enough in the construction phase and this had a lot to do with the closed nature

of some construction sites.

The first question (0.1) within the construction phase section required a textual response

and asked whether there were any practical difficulties in interpreting the design to on-site

practices. The key responses were as follows:

"conveying ideas and the importance of ethos to the contractors on site to avoid
traditional building methods",

"The design was complex and required re-work during construction",

"Co-ordination of the technical elements of lesser known assemblies; wetlands,
solar panels, mechanical controls",

"Lack of understanding was passed onto the builders",

From the responses given it was clear that the transition from design to construction

phase is critical for any construction project but perhaps more so when aiming to achieve

high sustainability standards using unknown and often untested materials, methods and

technologies. The attitude and behaviour of individuals and organisations in response to

these challenges is key to success and highly dependent on understanding, knowledge,

communication. willingness to change or adapt working practices and to undertake

additional training.
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To what vttent did m. use of ."vlronm ... tiJl building rating systems e.g. BREEAM have an
impact on the overall construction process?

NoP050trve lmpoct

Low P05rtNalmpoct

Figure 6.12 Impact of environmental rating systems

Question 2 asked about what impact the use of an environmental rating system had on

the overall construction process. Figure 6.12 illustrates the responses and shows that a

significant number of respondents believed that it did have 'some positive impact' at

33.3% or a high 'positive impact' at 16.7%. No respondents stated that it had 'no positive

impact'. A high proportion 'did not know' at 33.3% and some believed that it had not been

used at 16.7%.

The third question attempted to identify significant gaps in the knowledge or skills of

stakeholders during the construction phase. There were a limited number of responses

but from those that did answer there were clearly significant knowledge and skin gaps In

relation to sustainable materials, renewable technologies, sustainable construction

methods and sustainable behaviour in general. One respondent stated 'We tried to get

the builders and 'subbies' to understand, but the building industry has an inbuilt resistance

to change".

Having identified a need for guidance, communication and instruction between pre-

construction and construction phases and throughout the construction phase (see Chapter

4) the next question (0.4) asked: Was there an initial induction or ongoing training

programme for contractors or site workers in relation to sustai nable construction practices

regarding materials, resources, methods or technologies? 60% responded negatively and

..0% responded positively. Cost and time constraints were cited as major barriers to

providing instruction and training, as well as resistance to behavioural change, both on an
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individual and organisational level. Initiatives that were adopted included preparatory

meetings and regular site meetings with sub-contractors and a slide show for construction

workers with an opportunity for questions and answer and discussion session. This

supports previous research findings that linking education, sustainability and construction

practices is critical at this stage in the development process.

Question 5 aimed to identify what sustainable factors, based on the BREEAM

environmental rating system categories, were applied to on-site practices in order to

establish perceptions of the application and translation of design criteria to the

construction phase. The responses are shown in Figure 6.13 with the average rating for

each category ranging from 0 to 10 in order of how well each respondent felt each

category was applied to on-site practices with 'waste and recycling' the highest

descending to 'transportation' the lowest.

PlNse em. ~numbef"~om 0 (loWHt)to 10 (highest) indicating to what extent you fHI the
following sustaln¥M factors _.. ~I.d to Of1-slb practlatS during th. conStructiOf1 phase?

o 2 4 6 8

Figure 6.13 Ratings for application of sustainable factors during construction

The next two questions (Q.6 and Q.7) invited textual responses and elicited some

insightful comments, mirroring the face-to-face interviews presented in chapter 7, which

brought forth more in-depth and illuminating responses. The first question asked 'were

there any significant communication difficulties between project teams or individuals

during the construction phase?' One respondent stated: "Only the usual ones, operatives

not being issued with drawings, disputes between 'subbies', particularly M&E". The next
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question asked 'To what extent could working practices have been improved during the

construction phase?' Responses included "More visits from O.S." and "To have employed

a contractor who genuinely took on board partnering and the environmental aims of the

whole project."

In order to establish participatory working practices the next question (0.8) asked which

groups participated in the construction phase for each of the five case studies and Figure

6.14 illustrates the level of involvement of certain identified key groups. The opportunity to

involve groups in construction projects has been highlighted as a key teaching and

learning strategy with the potential to not only change their own sustainable attitudes and

behaviour but also those of the operational teams and the overall sustainability and

pedagogical efficacy of the buildings during occupation. The pedagogical and

sustainability functions and purpose of the buildings offer significant potential for this to

occur.

Oid any of the folowlng groups participate in the construction
phase?

_ Not ,1!YOIVed

_ ParllaIty,,,.,,.,.,,,,,,
_llIY<IIvecl
_ So;rricalltly Invalved

I>

Figure 6.14 Levels of stakeholder participation during the construction phase

For all five case studies it can be seen that all identified groups participated to varying

degrees in the construction phase. Across the range of involve ment, including 'partially

involved', 'involved' and 'significantly involved' facilities managers and teaching staff were

engaged in the construction process the most, environmental rating assessors second,

students and community, third equally, and volunteers the least involved.
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The next question (09) in this section directly sought to elicit perceived behavioural and

attitudinal changes towards sustainability during the construction phase. Figure 6.15

illustrates the responses.

During the construction phaw did you notice a change in others attitudes
or bfilaviours toward environm..,taI or sustainability issues for the

following criteria? PI.iISe rate between -4 (highly negative) to 4 (highly
positive'

-3

o

EragyUse
_ Recydil'9 and \'kste
_ TRJ15pot..tJon

_ Materials

_ \'IlIter Use
_ MM!lgeIIIerIt

_ Land Use

_ Indoor Emlronme<lIaI
Ql2Idy

Figure 6.15 Drivers for change in attitude and behaviour during the construction
phase

No categories scored the highest rating but at plus 3 recycling and waste, materials, water

use and management showed the highest factors for driving attitudinal and behavioural

change. The highest frequency of positive responses were recorded at a score of plus 2

with 'energy use' getting the highest response rate at 3, followed by 'materials' and 'indoor

environmental quality' at 2, followed by 'recyding and waste', 'water use' and 'land use' at

1. At plus 1, 'recycling and waste', 'transportation' and 'management' each achieved a

single response.

Neutral responses (those that scored zero) to this question were most numerous across

each of the categories with the exception of materials. Responses that showed greatest

negative impact on attitudes and/or behaviours were in the categories materials, water

use and indoor environmental quality scoring minus 2 with transportation and materials at

minus 1. Interestingly, 23 of the 29 respondents chose to skip this question showing a
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general lack of willingness or ability to consider the attitudinal and behavioural impacts of

the buildings' features.

This was a complex question for respondents to consider with a questionnaire-based

survey. It indicated under which categories of sustainability most or least change had

taken place across the five case studies, but does not elicit what caused the change. The

question could have asked for more explicit answers to what caused the change but it was

felt this type of question lent itself to the more qualitative methodology used during the

interviews, as discussed in Chapter 7.

The final question (Q.10) relating to the construction phase enquired as to what could

have been done differently to enhance the sustainability of the building and/or the

stakeholders. There was only one response: "Yes! Too much to mention" suggesting the

case for further investigation beyond the constraints of this study.

6.5 Post-construction pnase survey

The objective of this section of the survey was to establish the impact of the completed

building on the sustainable behaviour, perceptions and attitudes of those stakeholders

involved with operating, maintaining and using the building either as visitors or on a day-

to-day basis as employees. The response rate for this section was 82.8% reflecting that

the majority of the case study buildings were in the occupational phase at the time of the

survey and the majority of respondents were educators and staff members engaged in

either using or operating the building and therefore were arguably the most appropriate

group to comment on the performance of the buildings in relation to technical performance

and/or the influence on sustainable behaviour.

Figure 6.16 shows responses to the first question in the post-occupancy phase, the aim of

which was to establish whether the design aims and objectives were achieved in terms of

the 'triple bottom line' of sustainability, namely social, economic and environmental

criteria. From Figure 6.16 it can be seen that no respondents believed that none of the

criteria were achieved. It is clear that a high proportion believe the environmental

objectives were achieved and this is not unsurprising as this was a key driver for the

development of each of the case study buildings.

The social element followed indicating that it was achieved to a lesser extent and was

debatably not such a high priority and economic achievement less so again. This was

reflected in findings from the main altemative research methodology, namely interviews,

as a number of the buildings had encountered contractual and practical construction
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difficulties with increased financial burdens and overspends. A third of respondents

indicated that they did not know about the economic aims and objectives compared to

10% for social and none for environmental, reflecting their low level of awareness and an

indication of the priorities in terms of the aims and objectives of users and operators for

buildings with environmental education as one of their core principles.

As far as you an aware to what chlgr .. ww. the aims and objKtives of
deisignlng the building to increase sustalnabillty achlevMi In terms of

social, economic and environmental criteria?

12~------------------------------------------

_Oon,m....
_ F Iy IICI10eved

_ Mos~y lICheved
_ AcIueved

_ Partulilyachoelted
_ Nol adveved

economIC environmental

Figure 6.16 Achievement of social, economic & environmental aims & objectives

The next question (Q.2) asked whether any building user guidance had been provided in

relation to the sustainable and efficient operation of the buildings in order to establish what

has become known as the 'soft landings' approach, as discussed in chapter 4. This

encourages the design and construction professionals to engage more with the operation

and use of the building, particularly in the early post-construction phase, with operational

information and guidance in order to optimise the environmental performance of the

building as well as the awareness and sustainable behaviour of the occupants, including

staff, students and visitors.17.6% indicated that no user guidance had been provided,

23.5% did not know and 58.8% revealed that some form of user guidance had been

provided. The question also asked for textual responses which included:

"Explanation by member of staff, and was relevant."

"I went to an early stage meeting and discussion on how best to use the building.
An interactive presentation on sustainability was included. It was useful and
relevant."
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"Verbal instruction. Technical manuals."

"Staff have been given guided tours of the building by the project managers. This
was important to me as an educator. I suspect that users of the building received
different training."

"Training in specific aspects of the building that are under the control of the
occupants. That has been necessary."

"Mostly from the Estates Team who are responsible for the day to day running and
upkeep of the building. Substantial amount of self education. Both very relevant
and useful."

"General energy use (a bit muddled), and care of materials."

"Only for the facilities manager, engineers and caretaker."

Generally, from the above responses it can be concluded that user guidance and training

is considered highly relevant, when it is provided but can be sporadic and in some cases

confusing. It is clear that early intervention is critical in establishing beneficial habitual

behaviour that has implications for long term performance of the buildings and sustainable

actions of occupants. In terms of using the building as an educational resource knowledge

and understanding of the sustainable features of a building is critical in order to develop

teaching and learning activities based on those features.

If only certain stakeholders are considered for training in the use and operation of a

building e.g. facilities manager, engineers and caretaker, whilst others are not, it may

reasonably be argued that the majority of occupants may not be using or operating the

building to its optimum performance level in terms of technical functions related to heating,

cooling, lighting, ventilation, equipment etc. but also in terms of the pedagogical

opportunities for using the building as a teaching and learning resource

Next, followed a question (Q.3) which asked about respondents' awareness of whether

the buildings were being evaluated for post-occupancy performance for key sustainability

criteria. It is hoped that this will inform the assertion, from previous research findings that if

it is known or perceived that the performance of buildings is being monitored, and this is

being fed back to occupants, it can have a positive environmental impact on the overall

building operation, performance and user behaviour.
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rs the building being evaluated for post-occupancy perfonnance for any
of the fonowing factor&?

14,--------------------------------------------------

12~-----_.-------------------------------------------

_Yes
_No
_ Oon'tKnow

r"'nsc>OOQDOn & Access Bu""" Jo«on~"."""'1 Indoor EnVllOn_ntal
Qu~1IIy

land Use

Figure 6.17 Awareness of post-occupancy evaluation

It is evident from Figure 6.17 that a high proportion of respondents were either unaware or

responded negatively as to whether their building was being monitored under the eight

key sustainability criteria. Of those who demonstrated a level of awareness, 'energy use'

elicited the highest response rate followed in descending order by 'water use', 'recycling

and waste' and 'indoor environmental quality', 'user behaviour', 'transportation and

access' and 'building management' and lastly 'land use'. This generally reflects levels of

user awareness of the performance of their buildings a nd highlights the need for a greater

understanding of how buildings operate and perform and how behaviour can be

influenced by this increased awareness.

The impact of environmental rating systems was the focus of the next question (0.4) and

asked what effect they had on both sustainable behaviour of occupants and the efficient

operation of the building in question.
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Hasme use of an ....viron~1 rating syst.m e.g. BREEAM had any
direct effect on 1) It'Ie sustainable behavioyr of It'Ie occupants or 2) the

e1'ftclemoperation of It'll! building?

14,-------------------------------------------
750%

84----------------------------------] 1) SUS~r.able
Behaviour of Oca.opanls

_ 2) ElIiaentOpemian
dlkilclillll

Figure 6.18 Impact of environmental rating systems

As can be seen from Figure 6.18, a significant number of responses indicated 'don't know'

answers. This is likely to be a good indicator that there was a general lack of awareness

of the use, or even existence, of environmental rating systems among general building

users. The other responses show the impact of environmental rating systems across the

scale from producing no change to transformational.

The next question (0.5) elicited responses in relation to the level of user control and

interaction for key systems within the building. Each building was quite different in this

respect and some of the textual responses indicated satisfaction with the systems but a

significant number stated a lack of control resulted in discomfort.
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What level of personalised or individual building user control is there
for the following systems?

~~------------------------------------------

_ Don'1<roN
_ CQO'1lIete CcnIroi

_MostCcnIrd
_ Some eon.a.

NoCcnlroi

Figure 6.19 User Control

From Figure 6.19 it can be seen that lighting was most able to be controlled by occupants

followed by ventilation with heating and cooling demonstrating the least controllable

systems. Again, a number of 'don't knows' suggests a significant lack of awareness of

these building systems. It may be argued that raising awareness and involvement with

these systems would enable greater sustainable behaviour and subsequent improved

environmental performance of the building.

The performance of the building in terms of a number of design criteria was the subject of

the next question (0.6) as can be seen in Figure 6.20.
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Has the buikling performed well,ln relation to the design criteria, in
terms of the following:

~~---------------------------------------

Figure 6.20 Perceptions of building perfonnance

_DanlKtx.
_ Farbeymdclo:s,~

~
_ /JhtNe des,gn

expec:tallons
_ As des,gned

_BeIowclo:s,gn
expec:tallons

For below desIgn
expec:taIIons

From Figure 6.20 it can be seen that a significant proportion of respondents at post-

occupancy phase don't feel able to comment on the performance of the building across

the key sustainability criteria indicating a lack of understanding, knowledge or

disconnection from the operations and functionality of the building, particularly related to

energy, water, maintenance and general running costs.

Where responses were elicited under the key sustainable criteria headings it is clear that

the pedagogical performance of the buildings were considered highly along with the use of

sustainable materials and health and well-being when measured against the original

design principles. This indicates the function and ethos behind the organisations reflected

through the buildings themselves with both educational and environmental functions. The

users of the buildings are more likely to have had input at design stage under these

criteria and therefore the desiqn intent is more likely to be realised. Also these factors are

more tangible and accessible. This is well summarised in the quote below from a textual

response to this question:

I'm afraid I don't know about performance. In terms of education, I'm astonished at
the impact it has had on groups of all ages. Even very young users are wowed by
it, and even groups you might expect not to be very interested ask lots of
questions about it. They also want to really engage with the building - the
materials, the moon disc, the doors.
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Leading on from this, the next question (0.7) elicited responses about the impact of the

building on attitudes and behaviours of specific building users toward environmental and

sustainability issues. This question lies at the heart of the hypothesis, whether sustainable

buildings do actually encourage sustainable behaviour. It also indicates how difficult it is to

quantify such data and adds weight to the selection of qualitative research techniques to

elicit responses to questions such as this, as discussed earlier in this chapter.

However the graph below (Figure 6.21) does suggest general levels of impact across the

different user groups with higher levels of impact shown on teaching staff, students and

visitors, followed by general staff, maintenance staff and community groups. This would

indicate a greater need for the participation and involvement of the latter groups in the

general environmental and sustainable attributes of the buildings.

To what.n.nt has the building had an Impact on the attitudes andlor
behaviours of the following building users or visitors toward environmental

or sustalnability Issues?

1....... 5.. Co~nry GfOUpS Oon.,

_ Don' I<nooI
_H,ghl"...act
_ Significanll"...act

_NocIemelrnpoo<:t

_lDNl"...act

_Hol"...act

Figure 6.21 Impact of buildings on sustainable behaviour of different building users

Some of the textual responses were particularly illuminating:

"I teach art courses that make use of recycled and sourced materials. The use of
the building reinforces a more thoughtful approach to using materials. The visible
stone walls bring students closer to the environment and used as an inspiration."

"Anecdotal evidence. Gut feeling. Not measured."

"In all cases, lots of questions being asked about what materials were used, cost
of materials, how systems work (e.g. ventilation) when given the opportunity. Also
has a quieting influence on individuals and groups - an instinct seems to be to sit
and absorb the atmosphere, and look up toward the natural light source."
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"Most users and visitors are impressed with Genesis, which has a lasting effect
and usually raises awareness of sustainability."

"Everyone has been 'knocked out' by the building, the spaces, day lighting and
benign materials. There has been a noted improvement in students work,
approach and attitude."

"Knowledge gained, behaviours changed, learning received, bookings made."

"Viewed as an inspiring building design by students and visitors."

Students of Architecture note how the importance of noise levels has been poorly
designed but the use of natural lighting is very good."

"Impressed with design and use of natural materials."

Following on from this. the next question (0.8) asked respondents to rate how well the

building has performed as an educational resource in changing students or visitors

attitudes and behaviours for a number of key sustainable criteria (see Figure 6.22).

Please rate on a scale of 1 (lowest) to 9 (highest) how well you feel the building has
performed as an educational resource In terms of cI'1anglngattitudeslbehavlour of

stlld.m:s or visitors In relation to the following environmental Issues:

o 10 15

Figure 6.22 Buildings as an educational resource

_2
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_6
_7
_8

_9

20

Across all the buildings it can be seen that the use of sustainable materials has performed

best as a key feature with a significant pedagogical impact on students and visitors

followed by energy efficiency. renewable energy and environmental management. This

correlates well with previous findings that show these factors to be readily incorporated
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into sustainable buildings and used as teaching resources whilst the lowest scores show

features that are harder to communicate via the building itself, such as sustainable

transport, biodiversity and water conservation which tend to be either related to the

geographical location or reliant on infrastructure. Some of the less tangible criteria such as

health and well-being and pollution do score quite highly and this is reflected in some of

the textual responses for this question, which include:

Most users, students and visitors are affected by what is demonstrated ...... and
what is trying to be achieved.

The final three questions (0.9, 010 & 0.11) attempted to summarise the responses and

asked for personal opinions. The most illuminating responses have been selected. These

were:

Question 9

In your opinion what key features of this building have had the greatest impact (positive or

negative) in terms of environmental awareness and sustainable behaviour?

• "Natural environment, not mechanical"."
• "Re-cycling features of the building are viewed positively. Negative aspects are

about its remote location making transport difficult without using cars."
• "The information displayed about the building and its sustainable building

credentials and the fact you can see what it is made of."
• "The design of the building shows that being eco does not mean it has to be badly

designed. Promotes a more thoughtful approach to design."
• "Design I materials used I proximity of the outdoors to working spaces."
• "The visual appearance (+) materials {+)."
• "Choice of materials -low embodied energy, carbon sequestration. Also the fact

that is is pleasant - comfortable, light, well ventilated. I think this provides a
positive experience people wish to replicate."

• "The design, materials, energy efficiency, use of renewable."
• "Use of environmentally sensitive materials in the building fabric."
• "Water efficiency."
• "Most of the features. This was the reason for the building from the outset."
• "The modem feel achieved with sustainable materials & methods."
• "Renewable energy supply. Maximised use of natural light to reduce electricity

consumption. Use of natural materials."
• "Locally sourced materials. D

• "Daylight, sunlight, exciting spaces, warm natural materials. D

• "Negative - the fact that it is not very easy to get here without a car. Positive - the
visible sustainable features such as the renewables and rainwater harvesting, in
particular the information that is displayed about them. However this could be
communicated much better. D

• "Building desiqn, especially light and outside/inside relationship. Also the courses
on offer."

• "The lecture theatre - built out of earth and the 'moon disc' to let light in. Positive
impact in terms of alternative building materials."

• "The rammed earth theatre with its bare walls, clearly showing the building
methods have a great impact on awareness of alternative building methods. D
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• "The location and materials used"

Question 10
Are there any other features of the building you feel would enhance teaching and leam ing

about the environment or significantly encourage sustainable behaviour?

• "More information available for people who drop in on sustainable building and
renewable energy technologies for example, plus more detailed data about this
building."

• "Some crafts are quite noisy and need to be separated from the quieter crafts ."
• "New BMS system .. (discussed in Chapter 2.7)
• "Visual information about energy use."
• "There is huge potential I haven't explored yet - green spaces, natural heating and

cooling systems, impact of materials on health etc."
• "The 'feel' of the building."
• "Greater transparency about the EMS and energy I water usage stats."
• "The overall philosophy that is expressed by the building."
• "Most of the features. This was the reason for the building from the outset."
• "Acoustics have overall been neglected - poor in lecture theatre and very noisy

dining room making conversation (a key part of the leaming experience) difficult.
Could wall or floor coverings be changed to improve this?"

• "General ambience."
• "Improved interpretation of the features so people understand them more. II
• "Operational BMS system .....nearly there!"
• "Better signage and 'cut-outs' throughout would increase visitors understanding."

Question 11
Do you feel there is anything that could be done differently at post-construction stage to

increase the level of sustainable behaviour of the occupants of the building?

• "Offer transport options. II

• "Have a 5 minute tour of the facilities for each course student at the beginning of
the course ..

• "Further structures on the site. More renewable energy technologies"
• "Make it more accessible at all times of day - it is often booked. Also more

opportunities to view materials in situ - e.g. insulation."
• "Provide feedback on their environmental impact"
• "More accurate and demonstrable monitoring of energy use. Improvements to re-

cycling especially food waste from conferences. II

• "More information & training for users. II
• "A 'user' guide supplied to occupants when booking a course, and/or posted on

walls of bedrooms. e.g. my room-mate and I took a day to work out how to use the
trickle-vent feature on the sliding door!"

• "No, it seems to be being done, CAT are very good at this. II
• "No, but commissioning of the air source heat pump caused difficulty the first time

round."
• "Better air tightness in the bedroom windows. Improved drainage on flat roofs to

decrease intemal leaks, detracts from image of sustainable buildings."
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6.6 Chapter summary

The online survey has elicited a great deal of evidence about the impact of the five case

study buildings on the attitudes and behaviours of key stakeholders. Findings from the on-

line survey investigation suggest, based on these case studies, how working both on and

in a sustainable building can effect behavioural and organisational change throughout

their design construction, operation and use. The establishment of long term sustainable

behavioural changes would need to be the basis of a more longitudinal research study

beyond the time limitations of doctoral research. Broad opinions and attitudes are also

considered relating to current trends in relation to the sustainable building agenda in the

wider context of the built environment industry.

The data has been presented under each of the questions posed in this chapter. The

design of the online questionnaire enables the key findings to be compared and

contrasted with the findings from the interviews (see next chapter) and the combined

results are presented in a summary of findings and discussion in Chapter 8 linked with

theoretical findings from the literature review.
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CHAPTER 7: Findings from Case Study Interviews

7.1 Introduction
The following chapter presents key findings from the interviews, communicated in

descriptive form for each of the building case studies. This section evaluates the findings

from interviews with nineteen key individuals, referred to throughout this study as

'stakeholders', providing the primary qualitative evidence for the five buildings under

investigation, totalling fifteen and a half hours of interview data. Focussed interviews have

been conducted with major stakeholders including clients, project managers, contractors

and building users which form the primary qualitative source of data.

Section 1.2 in Chapter 1 contains a general discussion of the research methodology.

Section 1.2.1 contains a more detailed discussion of the ethnographical,

phenomenological and hermeneutical underpinning of the interview methodology used

and its advantages and disadvantages in relation to this study and Section 1.2.1.1

discusses the interview data analysis and an example of the coding method is given in

Appendix VII.

The semi-structured questions posed in the interviews are shown in Appendix V and full

transcripts of the interviews can be accessed on disc (see Appendix VIII). The raw data

has been condensed and analysed through an open coding process which identifies,

names, categorises and describes phenomena found in the text allowing critical themes to

emerge out of the data.
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7.2 The Wales Institute for Sustainable Education (WISE) Building

Figure 7.1 Views of the W1SE building Source: Author and CAT

7.3.1 Introduction
The WISE building interviews took place on two separate occasions, between 16th and

zo" March 2009 and 18th and 23rd November 2010. The first tranche of interviews were

conducted during the construction phase and the second at post-construction phase. The

building's official opening was on June 10th 2010. In total 10 key stakeholders were

interviewed, some on more than one occasion, resulting in a total of five and a half hours

of interview data.

All the interviewees were selected because of their primary involvement with the WISE

building during some or all of its design, construction, operation and use phases. For

reasons of confidentiality the interviewees identities are not revealed in the summary

below or in the transcripts (Appendix VII I).Their job titles were as follows:

• Client & Course Director
• Project Manager
• Assistant Project Manager
• Course Administrator
• Course Technician

• Facilities Manager
• Events Manager
• Education Officer
• Student Support Officer
• Site Manager

There now follows a summary of the key findings in relation to the impact of the

development process and its influence on sustainable behaviour under the main

headings; pre-construction, construction and post-construction phases, based on the

outcome of the interviews.

7.2.2 Design and procurement

It was clear from the majority of the interviewees that the main drivers for the production of

the WISE building were:

• To encourage a more diverse set of visitors to the centre to attend
environmentally-based courses, conferences and events.

• To improve the quality of accommodation due to the growth of the graduate school
and enlarge teaching space due to the expansion and increasing popularity of
postgraduate courses on offer.

• To capture the conference market for which the ecological credentials were a
secondary benefit for visitors and conference delegates.
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• The efficient allocation of space so the whole of the building could be used to
generate income, reflecting economic sustainabilily.

• To promote the education and ethical principles of the Centre for Alternative
Technology (CAT). To show that sustainable methods can become standard &
mainstream construction techniques.

• To balance the use between money-earning activities and charitable activities.
• To showcase a sustainable building that is 'comfortable' with little environmental

impact.
• To attract new markets: professions e.g. planning officers, architects, engineers.
• To engage urban-minded people.

Interviewees indicated that the CAT staffs' understanding of the purpose and function of

the building was "good" whilst architects' understanding was described as "complete.II The

mechanical and engineering consultants had a "reasonable" understanding which was

best at senior management level. It was highlighted that guidance was required for

consultants whilst structural engineers had a "good" understanding, particularly minimising

use of materials through good structural design which was cost and environmentally

driven.

Many of the potential users, client, contractors, architects and engineers indicated that

they were involved in the 'planning for real' exercise. Participants worked in small groups

supported by a partner officer who reviewed suggestions and decided priorities and

possible options. The groups developed an action plan identifying "who" and "how",

working together with experts and partners as appropriate. This signified that a good

understanding of the purpose and function of the building was achieved at pre-

construction stage and site community personnel involvement had some impact on the

design.

There were some perceptions that focussing on WISE had offset other needs and wants

of staff. The local community were not visually affected and the project was broadly

supported in the local area as CAT is a large local employer indicating a social and

economic link.

The selected architects already had a close working relationship with CAT and had

worked on numerous CAT buildings.

The contractor selection process was widely reported to be influential on the overall

sustainabilily of the project. The main contractors were selected through a project

partnering contract PPC2000, an innovative tendering process involving invitation to

submit quality statements and undertake an initial interview. Examples of previous work

were viewed and a more in-depth structured interview process revealed an interest in
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sustainable building and timber frame techniques. The size of the company was key in

order to mitigate risk. There was a willingness to experiment with rammed earth structures

and it was widely stated the process highlighted the potential for a good working

relationship. Critically, user guidance and training was written into the contract with the

mechanical and engineering company.

It was highlighted by the main contractor that profit was the primary motive but the family-

run business was engaged with sustainability and saw business potential in gaining

experience of sustainable materials, methods and technologies. They saw a longer term

retum on investment into sustainable practices for the increasing demand for future

sustainable building projects. The contractor was involved in the design process after the

commencement certificate was issued. In terms of building costs a maximum price was

agreed.

Those involved at planning and design stage indicated a clear desire to achieve the

BREEAM Bespoke 'Excellent' standard. It was anticipated that the WISE building would

far exceed what was required, in technical aspects of sustainability, but would not be able

to gain extra credits for exemplary sustainable aspects. For example, maximum credits

were available for achieving 10% renewable energy use but with WISE 100% renewable

energy use was envisaged. The building was also likely to achieve a low score for social

aspects due to location and proximity to amenities from poor public transport links to lack

of accessibility to a cash point. It was stated by one respondent that BREEAM had little

influence on the design of the building but overall it was felt that involvement with the

BREEAM process did have a positive outcome in terms of overall sustainability of the

building.

The design teams stated intent was 'to go far beyond the requirements of the current

Building Regulations' with 'buildability' as a key desire. The idea of WISE was to push the

perceived limits of the technologies and materials. The development built upon previous

CAT projects where experimentation and innovation were key drivers, namely the ATEIC

Building, which used rammed earth walls and passive temperature control. Experiences

from other buildings on the site were cited as influential on the ultimate deSign, particularly

in relation to passive solar design, air-tightness, natural ventilation and super-insulation.

They achieved AECB Silver Standard for air-tightness.

The design also looked to previous experience of using materials that had been

researched and developed on the CAT site including glue laminated timber frames

offering structural qualities of stiffness and strength, hemp and lime renders with some
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cement content, a commercial and certified product from France that was to be applied

using an innovative spray-on application method. Alternative materials were also

considered, such as wood wool mixed with lime but from on-site testing this did not dry

well enough.

Not all experiences from previous buildings on the site were reported as positive,

particularly dampness occurring in sheep's wool and straw bales, although this was due

largely to structural faults and poor detailing rather than the integrity of the materials

themselves. The main lesson learnt was difficulty in transferring innovative techniques to

mainstream contractors which involved standard labouring work but with good quality

control.

In terms of external design precedents the client and architect said they were influenced

by an eec-centre in Denmark which impacted on the final design solution. The client was

struck by the amount of glazing in teaching space. This allowed for changes in visual

focus which enhanced concentration, as well as natural daylight and connection to the

environment.

It was acknowledged that CAT has a well-established and good relationship with the

County Building Control Department which had a strong influence on the adoption of

innovative methods, materials and technologies.

Some interviewees stated that the design brief could have been better expressed and that

there were too many assumptions by the client as to the ability of the contractor to engage

with sustainable methods, materials and technologies. Unsuitable and costly

compromises were made by the contractor because materials were substituted that were

incorrectly deemed to be suitable.

The Project Manager cited that requirements of the various funding bodies put time

constraints on critical decisions during the project. Deadlines for spending money meant

there was a perceived risk the money would be lost and decisions over alternatives, when

problems or mistakes arose, had to be rushed or were overlooked leading to time and

cost implications. It transpired that the funders would have been willing to roll the money

over but did not say so at the time.

Educational aims of the building, to "show by example", were not explicitly built into the

brief but it was generally stated that this was implicit within the CAT philosophy - to

influence pro-environmental behaviour and there were expectations of user behaviour to
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'learn from the design, nature, performance and use of the building.' It was also stated

that there was a strong desire to change perceptions that learning spaces that are highly

sustainable can also look and feel well-finished and professional and perform well. There

was also a strong awareness of the remoteness of the site and how people travel there

which can have a huge impact on perceptions of sustainability.

One of the key stated design criteria was that the WISE building should not be too

experimental or innovative. Experience had shown that they wanted to avoid having a

problematic building that, uhad to be excused all the time, giving a poor image or

perception of sustainable buildings: The real innovation in sustainable building was to

have an easy to manage building, fully equipped, well-planned and easy to use with

exemplary sustainable credentials. The project also intentionally picked sustainable

construction techniques which 'mirrored' techniques in mainstream construction including

the glue laminated timber frame (erected by the steel frame crew) and spray hemp and

lime (undertaken by the normal concrete spray team).

Compromises related to budgetary constraints affected the intended shape and layout of

the building which in tum informed material selection but the main design intent remained,

to use timber frame and earth construction for thermal mass.

One of the interviewees asserted that the idea of a building's design life is essentially a

false concept: "if you build a building people want to be in then it will be maintained,

updated and modernised and last a long time.· This philosophy was reflected in the use of

a timber frame allowing modification and adaptation of space and materials over time, as

well as being durable and potentially reusable.

7.2.3 Construction phase
According to a number of interviewees the working practices and construction methods

were not that technically difficult but required some training and skills enhancement and

training in the principles of ecological building were considered important A number of

respondents asserted that this would have involved more up-front costs but would have

benefitted the project in terms of quality, longevity and durability of the building. It was

believed by a number of interviewees that this would result in more consideration of

lifecycle and sustainable thinking by the contractors. From the outset financing of the

project should reflect the opportunity for both sustainable and economic benefits (see

Appendix VII for transcripts of WISE building interviews).
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Throughout the construction phase a number of interviewees stated that the contractor's

perceptions of materials had changed through direct experience. This is supported by the

theories around experiential leaming, as discussed in Chapter 3.6 'Buildings and

Pedagogy' and examples include the setting times of limecrete foundations that were the

same as concrete and the contractors were 'converted' to the use of eco paints mostly

due to the beneficial effects to the site workers health and well-being. The opportunities

for learning and behaviour change at construction stage are also supported by evidence

from the online survey, discussed in Chapter 6.5 'Construction Phase Survey', The long-

term adoption of sustainable practices and therefore proof of behaviour change as a direct

result of involvement with a sustainable building project would need to be further verified

by a follow-up survey as part of a more longitudinal study beyond the time and resource

constraints of doctoral research.

It was remarked that site workers began tuming off lights and closing doors in their site

cabins but there was not a fundamental change in attitude or behaviour. This was

attributed, by a number of interviewees, to 'macho' behaviour and negative peer pressure

on site. Construction waste was separated on site and a Site Waste Management Plan

(SWMP) was put in place through the use of the Considerate Constructors Scheme.

The Site Manager indicated that there were some negative experiences of working with

natural materials. Rammed earth had not been used on a commercial scale therefore

there were no precedents, standards, certification or quality assurance. There was a

perception that it was experimental and an 'academic' exercise which added to it not

being taken seriously as a viable construction technique. Conversely concrete was seen

as having a rigid QA and standards for production and well understood testing and

performance criteria. Contractors were used to working to minimum standards and not

used to experimentation on site.

The physical ramming of the earth had health and safety implications for workers in the

form of 'white finger' and the site manager would not recommend rammed earth as a

mainstream construction technique stating it was 'alright for feature wails',

Hempllime render was considered 'messy' by site operatives when applied with a spray

and generally, innovation on-site was not seen as working well.

Using timber worked well because it is a traditional and well known material that is

considered sustainable. From the Project Manager's point of view, "maximum supervision

was required" as it was asserted that the site management and workers did not
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understand the first principles concerning the building envelope. They made unauthorised

changes when problems arose which defeated a key design purpose - to stop cold

bridging, which could have been avoided if the design team had been able to explain why

these techniques were being used to the ground crew.

It was generally observed that older workers had a deeper understanding of sustainability

issues due to their accumulated experience and knowledge of traditional practices,

whereas younger workers seemed "disengaged and uninterested because they had only

experienced standardised and highly prescriptive methods, technologies and materials ..

This indicates evidence of 'de-skilling' in the modem construction workforce and an

argument for better and more comprehensive sustainable education for sustainability in

the field of trades and apprenticeships.

The Project Manager stated, "there is a general feeling in the construction industry that

people on the ground don't need to understand why they're doing something. A successful

environmental developer needs to fully train all of their staff, this is not the job of the

client."

The Site Manager indicated an overall negative experience of sustainable construction

through this project and seemed unable to bridge the gap between highly sustainable

materials and techniques to those of mainstream construction practices. This was mainly

due to the lack of understanding of sustainable construction principles and techniques and

materials, according to the project manager highlighting the 'skills gap' as a key barrier

and also the attitude and behaviour of site management in not appreciating,

understanding or translating sustainable design principles to on site practices.

Failures in design to on-site practices were also accredited to the result of poor

programming of site works by contractors, according to several interviewees, which had

"severeD implications for the protection of the structure from water ingress resulting in the

aesthetics and more importantly the durability of the structure being compromised. This

added to increased costs for remedial action and made accurate cash flow forecasting

more difficult. It was stated that this is a more critical issue with sustainable building

materials that require a higher level of care and workmanship.

The original contracting company was bought out by a venture capitalist halfway through

the construction phase which changed the project profile to a short-term profit motive, one

client interviewee stating, "they were unwilling to undertake training or try new methods.
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The new owner did not have a construction background, and had limited understanding of

the purpose and function of the building particularly the PPC2000 Partnering contract."

This led to breakdowns in communication and the management company developed a

negative attitude to the project, mostly through the misunderstanding of increased levels

of workmanship and 'non-traditional' materials required. Part of the rammed earth wall

failed because it was not compressed according to the specified levels. This caused

significant delay and added to project costs. The failure also caused the contractor and

site workers to becomewary of the rammed earth system which led to a slower work rate.

Continuity of the building and learning process was not maintained due to a change in

management and the use of different site workers. There was a discontinuity with the

training of onsite people and those that did receive training were not always the ones

carrying out the work.

According to the client team 'the selected construction methods, materials and

technologies are essentially a cheap and effective way of building, but the cost became

higher than it needed to be.' The client believed they should have insisted on an

experienced independent supervisor but this also caused some friction between the client

and contractor. Training was given but changes in site personnel rendered it ineffective.

Ultimately this resulted in site workers being ordered to walk off the site for two weeks

over contractual issues and eventually, after litigation, the main contractors withdrew from

the project.

A second construction firm was contracted to complete the project. They demonstrated a

higher level of skill with more initial operative training and previous experience with

sustainable buildings and an appreciation of the concepts involved. One of the first

questions they asked was, "what air tightness levels are you trying to achieve?" They

were proactive in trying to solve on-site problems.

Generally, it was agreed that more supervision was required, sourcing unfamiliar materials

takes time, experiments and innovation result in duplication of work, wastage of materials

and more time is needed. This resulted in problems encountered on a daily basis and

construction costs were generally underestimated.

A lot of the problems related to communication and the introduction of new terms and

concepts and a need for a common language of sustainability was highlighted. This goes
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back to first educational principles and the need for inter-disciplinary understanding and

training at both vocational and academic levels.

From the contractors perspective it was well understood that jobs increasingly have

elements of sustainability requiring set energy and resource targets and sustainable

material use. From the Site Manager there was a strong preference for standard

construction techniques. It was stated that most mainstream contractors have no

sustainability agenda or preference for sustainable construction techniques, materials or

technologies. From the site manager's viewpoint the trend for sustainable buildings was in

the realm of concrete and steel, highly insulated, because this was time and value efficient

with standardised quality. From this a clear disconnect can be deduced between the

priorities of the design team and the contractors.

Generally the contractors would prefer to use their own labour or sub-contractors but have

had to work with specialists who are not used to communicating with commercial

organisations on this scale, essentially it was difficult working with new suppliers supplying

unfamiliar materials. The architect and CAT (the client) have had a long-standing working

relationship which fostered a 'them and us' according to the contractors.

. From the client's point of view they would use PPC2000 again but would write-in more

detail, particularly in relation to quality control and working practices. The change in

personnel has fundamentally changed the project outcomes. The project struggled with

not having all the funding in place at the time of construction and securing the funding

from different organisations with varying requirements resulting in decision processes

suffering and subsequent delays.

A general comment was that some of the individuals and organisations that were difficult

to change during the construction process were the specialised professionals, such as

electricians and solar installers, because they are, "just their doing their job as they had

been tauqht," A lot of parties learned from the process about minimising waste and over-

ordering materials. Unfortunately, the project suffered from inaccurate programming and

cash flow forecasting. A lot of those issues could have been avoided if the project had

initially been "costed correctly, or closer to correctly" Those interviewed agreed that

having a "tighter grip· on the contractor would have benefited the project as a whole.

7.2.4 Function and design

It was stated that, "the building is already not big enough and demand for courses has

overtaken the design.· One interviewee said that the project had taken a long time and
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suggested that perhaps sustainable buildings take longer than conventional buildings

because the building is viewed as a research project and this gives the process an added

level of complexity. Another interviewee stated, "WISE is a five million pound experiment.

Perhaps the only way to progress is to have a real, living building in-use and the only true

way to learn is through deeper experiential learning in order to allow the space and time to

innovate and advance sustainable behaviour.D

WISE is not obvious as an eco-building. The architect wanted little or no signage and the

corporate image was a key design driver. This was seen as a positive achievement but to

some degree did detract from the building as a teaching and learning resource, calling for

more transparency of structure, materials and technologies. This shows that despite

laudable aims of wanting to change perceptions of green buildings opposing or

contradictory outcomes can result from different groups with diverse objectives within the

same organisation.

There was a general feeling of visitors being impressed by the building, the 'wow' factor

was stated repeatedly and that people are very tactile about the building and want to

touch the materials. This elicits questions about their origin and construction methods.

Visitors like the boundary between it being a modem looking building with high

sustainability credentials without it being "rustic,"

During construction the structure and services of the building were exposed. During this

time there were guided tours which were described as "amazing" and enabled visitors to

follow the narrative of the building and understand and appreciate its ethos which was

made clear through its exposure. This opportunity was lost after these features were

covered up and there is a strong case for exposing the structure and services to raise

awareness as part of the design intent.

It was asserted by one respondent that, "the WISE building is a professional, well-built

environment with clean lines and generally enhances teaching and leaming away from

perceptions of hippy culture to more mainstream goals and objectives." Conversely,

another respondent remarked that, "design constraints to make the building dean,

functional and even bland to meet conference centre criteria detracted from the

educational potential of the building.D

Postgraduate course participants recognised the building as a 'transformative' place,

away from the 'transmissive' spaces of traditional educational institutions, and generally

wanted to understand aspects of the building but also wanted high levels of functionality
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that they were used to, such as digital connectivity. This doesn't have to be contradictory

with a high specification and highly sustainable building and is more to do with the remote

geographical location of WISE. It is interesting to note that there were contradictory

expectations, as people appreciated the remoteness while demanding super-connectivity.

Some of the failings experienced during the design and construction phase, such as the

use of untreated timber, were seen in a positive light in that perhaps WISE may be able to

drive the development of more sustainable timber treatments as well as better performing

natural paints and other finishes through dissemination of experience and continuing to

critically examine its working practices, focussing as much on durability and

weatherproofing as aesthetics and sustainability.

The design is just as important as the materials used. The design of the rotunda combined

with "hard materials" has impacted upon learning by making the space "echoey." It was

argued that aesthetics and sustainable materials were prioritised over functionality,

"Sustainable means it has to be functional and a holistic approach is needed." Remedial

work was required with the addition of acoustic buffers. This problem was highlighted by

many interviewees experiencing the building in-use. One respondent suggested that they

had "gone out on a limb" with the rammed earth walling and doubted the likelihood of its

use in mainstream construction but commented further that it does make people think
laterally about alternatives.

Some respondents asserted that natural materials are inherently degradable compared to

inorganic materials and that, "we've become familiar with man-made solutions with higher

environmental impacts and if we want to have sustainable buildings we must be prepared

to repair and maintain them according to the materials and techniques used." Durability is

also about the building and the desire of stakeholders to continue using it "If the building

is loved it will last a long time through continued care, maintenance and investment"

according to the Facilities Manager.

The connection to the external environment is widely recognised as one of the best

features, "people explicitly appreciate views of the outside.D It was also frequently

remarked that the building felt quiet and peaceful which was attributed to the natural

colour tones by some interviewees.

In overall defence of the architects and design team it was recognised that there are

considerable challenges with integrated desiqn solutions. Enormous drive and strength is

needed to maintain vision and satisfy disparate needs and "there is a risk that you could
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end up with something built of averages, the lowest common denominator, so

compromised that no-one is satisfied or inspired."

7.2.5 Building as a teaching and learning resource
The building operates as an educational resource within the context of the whole site and

facilitates the delivery of taught courses and research activities. At the time of the

interviews two PhD studies and several Masters Degree projects were ongoing related to

studying and monitoring the building itself. Education is considered key to CATs survival

as visitor numbers are decreasing whilst the Graduate School is experiencing a high

uptake across all the courses.

As teaching was underway during the final stages of the construction phase, and beyond

handover, ongoing commissioning and remedial work has had a negative effect on the

perceptions of the building in use, mostly due to poor detailing and the ingress of water.

Teachers at WISE offered a pedagogical perspective and generally stated that the design

could have made some features more obvious as prompts for debate and discussion e.g.

"it is difficult to see how energy is provided." For the building to "speak for itself' it might

need better interpretation. "As a teacher you tend to focus on the obvious and more

transparent features."

The building functions well as a learning resource and guided teaching tours offer

practical examples e.g. heat exchangers were purposely made accessible, enabling

students to experience unfamiliar technology in-situ and in operation. This was cited as far

better than display models or showing pictures and encouraged deeper understanding.

This is supported by the 'Ieaming pyramid', as discussed in chapter 3.

One teacher reflected on their experience of other "claimed sustainable buildings" which

did not always appear credible, often focussing on just one exemplary or innovative

sustainable feature, such as the energy efficiency rating but perversely, uses high

embodied energy materials, is over reliant on artificial lighting and in terms of health and

well-being, did not "feel sustainable."

As an experienced environmental educator and long-term worker at CAT one interviewee

remarked that they were already "immersed in sustainability" so the building has had little

impact on their own leaming about sustainability in general, and this was repeated

throughout the interviews. However, it was widely recognised that the building has a "wow

factor- for visitors. "The building has a strong impact and it elicits questions mostly about
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energy use and the materials used. It is an excellent teaching and learning resource and

gives an opportunity to introduce features about sustainability for further investigation at a

later stage.·

For example, a group of Further Education painting and decorating students were

intrigued about natural paints and their health benefits over conventional paints and

finishes. Tutors wanted to follow this up and consider the use of natural paints for their

own courses.

It was stated that, "many visitors are looking for inspiration and ideas, information to

convey to others and advice on ways to change their individual, organisational or

professional behaviour" Generally it was agreed that people are excited they are learning

from the building and that WISE as a teaching and learning resource enabled "everything

to be used."

Asked about particular features of the building that encouraged teaching and learning

interviewees involved with education commented on the following:

• Discussion around the materials and their embodied energy led to investigation of
other connected issues from natural materials the sequestration of CO2, material
sourcing and lifecycle analysis, land use, monoculture and food scarcity.

• Energy efficiency of the building could stimulate learning about policy and fuel
poverty,

• The use of natural light, light sensors and passive solar design. The passive solar
feature used to reinforce the concept of greenhouse effect and global warming.

• Renewable energy technologies, micro, local, community, regional, national, global
issues.

• Thermal mass

• Heating and cooling

• Renewable energies were not made visible or explicit and therefore it was difficult
to use them as an experiential teaching and learning resource and therefore did
not elicit as many questions as the fabric of the building

Several respondents stated that the best and most talked about features were the

rammed earth lecture theatre and 'moon disc' encouraging natural daylight with manual

control.

The building has made it "functionally easier" to teach because of the space and facilities

set-up but in some ways "detracts from the spontaneity and adaptability that earlier
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educators were used to at CAT." An example was given that they often had to use the

straw bale building at CAT, which had no chairs and therefore the whole lecture was given

with everyone sitting and working on straw bales. There appeared to be a sense of

nostalgia for less sophisticated spaces that inspired more eo-operative and fun learning.

It was observed that in study areas students are more productive than in other buildings

on site due in part to WISE space aceommodating all teaching and learning functions

enabling students to stay in the one building, optimising pedagogical objectives of the

building.

A lecturer in sustainable construction commented on teaching in the WISE building, "what

is learned on the course is all around them in practice and provides a central unified hub.

It inspires students being in a great building. WISE fulfils all its functions as a teaching and

learning space in a sustainable way."

The Graduate School was seen by some as not being broad enough largely focussing on

academic teaching and less so on vocational courses and it was suggested that CAT did

not target construction workers who, as it has been shown from this study, have a

significant impact on the economic, social and environmental performance of a building at

post-construction stage

It was commented that, "users are surprised about natural materials achieving sharp lines.

Tours of the building elicited lots of questions about materials, day lighting, monitoring and

control of heating, cooling and ventilation systems. There was a high take-away value and

people stated that they would adopt sustainable principles in their lifestyles."

"People are pleased to see real examples that could achieve high levels of quality of

finish, often against perceived negative opinions about sustainable buildings." In this

regard the building achieves a high educational and pedagogical performance. A great

advantage is the ability to point to actual working examples (experiential learning) to get a

better understanding of how things work and operate in practice.

The biodiversity and landscape around the building is significant and it was widely stated

that visitors are appreciative of a change of physical environment and views which are

very different to most peoples' everyday urban experiences. It was suggested that this has

positive psychological and physiological effects.
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It was found that interiors have an impact which is often overlooked when considering

sustainable buildings, their performance and impact on behaviour. Soft fumishings were

removed from the original budget for cost saving reasons but it was felt that their inclusion

would have had a positive influence with more space for formal and informal social

interaction. Another benefit could have been the utilisation of sustainably sourced and

sustainably made materials, considered a lost opportunity for raising awareness.

From a number of educationalists at CAT it was reported that the building stimulates a lot

of discussion about pre-industrial and more traditional construction skills allied with

modem building skills and technology. There was a strong appreciation that "valuable

lessons are learned over centuries" and therefore should be incorporated with, rather than

subsumed by new technologies. An analogy was made with new civilisations explicitly

discrediting and even destroying the accumulated wisdom of past civilisations.

Asked if mistakes in the building process could be used as a teaching and learning

opportunity staff generally want the building to work and give the best possible message

despite CAT wanting to be recognised as an innovator. There is a clear balance between

being an innovator and giving out the wrong impresslon, They want to keep visitor

expectations as high as possible and "don't want to do their dirty laundry in public.·

Clearly there needs to be a well-considered balance between the benefits and

disadvantages of the nuances between sustainable and less sustainable solutions. As a

teaching and learning opportunity this could deliver a mixed educational message but

could be used to fuel debate and discussion.

7.2.6 Building as a conference centre resource
Before WISE was built the buildings used for teaching and corporate events on-site were

of traditional low environmental impact design such as the straw bale theatre which had

issues with air tightness and heating inadequacies. Corporate and business perceptions

meant they could not relate to the building as a suitable conference venue unlike the

WISE building that was designed to fit organisational and industry norms.

From the outset CAT had a clear agenda to only host organisations that were seen as

"environmentally progressive.· This also extended to exhibitors. The building is favoured

as a place to launch 'green' products, adding credibility and kudos by association. There

is a strong resistance to those organisations that claim high environmental and/or ethical

credentials but do not live up to them, identified as 'greenwash.'
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It was remarked that, "many of the conference delegates had their training 20 years ago

and hadn't seen a lot of the sustainable materials, methods and technologies being used."

An example was given, "rammed earth is just like concrete" remarked one delegate.

Despite a strong appreciation of the rural setting the geographical location affected

perceptions in terms of what were perceived as poor transport links and lack of space for

parking cars which was a deliberate design intention to encourage the use of public

transport, cycling and walking. A number of interviewees reported that some conference

delegates displayed 'shock' at having to walk up a steep hill to get to the WISE building.

The features of the building with the greatest impact on conference delegates were

generally considered to be the sustainable materials, utilised to look contemporary. The

worst features were considered to be the renewable technologies that were not

operational at the time, which was giving the wrong message to visitors. In order to

improve the impact of the building it was suggested that information could be made

available in a more accessible form, perhaps welcome packs or take-away leaflets giving

added value to the building as a leaming experience. It was affirmed that WISE is meeting

its goals for targeting corporate groups.

7.2.7 Impacts of sustainable features
Throughout this study it is hypothesised that sustainable features embedded into a

building have both an explicit and implicit influence on the sustainable behaviour of all

stakeholders. One interviewee observed that "the building is elemental", and when talking

about the rammed earth lecture theatre remarked "you can smell the earth.·

A number of interviewees questioned the use of flat roofs, particularly in Mid-West Wales,

which experiences relatively high levels of rainfall. One interviewee argued that it is done

for aesthetic, and not the purist of reasons, cited as "eco chic," prioritising aesthetic

considerations above functionality and therefore undermining the environmental

performance that has led to continuous 'snagging' after completion and very early repairs

needed, as well as the broader reputational damage of sustainable buildings as a mere

fad or a fashion in the field of architecture, rather than a fundamental and underlying

principle.

Several interviewees blamed the failure of the flat roof not on its design but on the lack of

quality control on-site, allowing errors to be built-in during the construction stage. Water

ingress has allowed the roof timbers to be infected by fungal growth, exacerbated by the

decision not to treat the timber for environmental reasons. In the opinion of one

interviewee, the decision not to employ a Clerk of Works with experience from the
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construction industry for economic reasons was a mistake and has probably cost more in

the long run.

It was agreed in another interview that it was not a design error but "shoddy

workmanship.· The initial contractors failed to follow the architectural detailing of the flat

roofs and showed poor workmanship which resulted in leaks and widespread negative

perceptions of the selection of flat roofs for this project. This again emphasises the

construction skills gap which is particularly evident when dealing with higher levels of

sustainability particularly in terms of materials and construction methods.

Building visitors tended not to experience the roof leaks as they were quickly identified

and the room shut-down but this did impact on the availability of usable space and

ultimately the economic implications of not running at optimal capacity. This was shown to

have changes in the perception of the staff who are aware of the problems and find the

resulting consequences frustrating and inconvenient.

Although responses from interviewees were overwhelmingly positive about the impact of

the building, questions posed throughout the interviews did elicit criticism. This is deemed

to be a natural response as many of the interviewees had profound feelings and

philosophies about sustainability and were engaged in critical reflection as teachers and

expert practitioners exposed to a long history of sustainable building techniques at CAT

allied with curriculum development and delivery and therefore felt justified in criticising

some aspects of the sustainable features in a constructive manner.

One design problem that had implications in-use were motion sensors fitted to increase

energy efficiency of the lighting systems that had been placed outside the toilet cubicles

and therefore did not detect movement within the cubicle and consequently would

automatically switch off leaving the occupant in the dark who would have to leave the

cubicle to re-activate the sensor.

A criticism about compromising high levels of sustainability was aimed at the limecrete

used in the foundations which contained ten percent concrete, generally against CAT

principles. This increased its durability but had the effect of also making it impermeable

and reduced its ability for carbon sequestration.

Traditionally, the use of hemp-lime as a render enables it to be re-used after its useful life

but in this case it was applied using a 'spray-on' method which was criticised because it

meant the materials are bonded-in and are very difficult to separate and re-use after the
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useful life of the material or building making it less economic over its lifecycle, as well as

less sustainable if it has to be disposed of rather than re-used.

The large amount of glazing for solar gain and natural daylight meant some spaces were

well-lit but the positioning of offices did not utilise the natural light. Up-lighting and not task

lighting was installed, for aesthetic reasons, which proved to be inadequate in-use. One

interviewee stated that as soon as the architect signs the building off they will change the

lighting to provide suitable illumination.

The heating system was purposely designed without user controlled thermostats as this

was considered likely to disrupt the under-floor heating because users were "used to very

fast heating system response rates" whereas the under-floor system relies on a more

steady-state heating regime utilising the thermal mass of the flooring material. From the

interviewees experience it was shown that users would "tend to overcompensate by

selecting a much higher setting resulting in overheating, poor indoor thermal comfort and

poor energy efficiency." Engineers control the building at the behest of the occupants.

This removes the user from controlling their own comfort conditions which is thought by

some to detract from the perception of sustainability by occupants.

A number of course participants and staff felt the building was too cold. It was inferred

that, "people are used to overheated spaces." This was viewed as a teaching and learning

opportunity by the academic staff. In terms of internal ambient temperature and

perceptions of feeling cold it was remarked that there appeared to be a psychological

impact from the large glazed areas "adding to the perception of feeling cold."

Many of the interviewees showed a preference for openable windows for fresh air, which

is often not possible in air conditioned spaces, often the default option in many new

constructions. One of the interviewees, who is highly aware of environmental issues,

particularly related to buildings, made the conscious decision to open windows sacrificing

energy efficiency for health and well-being reasons. It was also stated that the heat

recovery system through heat exchangers, whilst being energy efficient did make the

atmosphere "stuffy" affecting health and well-being, This highlights the contradictory

outcomes that can result from adopting low environmental impact technologies that can

have perceived or actual detrimental effects, particularly in relation to indoor air quality.

Waterless urinals were installed utilising negative pipe pressures to alleviate smells and

this was combined with heat recovery during the winter months to add to the heating of

the building, a particularly innovative solution illustrating integrated design thinking.
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Another outcome of this, as highlighted by an interviewee is that, "you can tell people that

the building is partially heated by people relieving themselves. That's brilliant and brings

the whole thing to life. They'll really remember that," A narrative that everyone can relate

to and reflects a human-centred approach to teaching and leaming.

It was noted that the building is gradually being passed over to the Facilities Manager and

there is ongoing "snagging" largely due to the number of defects from construction but

also from the realisation that it is a "considered process." It was noted by the Facilities

Manager that the combined heat and power (CHP) system is "so efficient that it is difficult

for WISE to take enough load. We need to monitor performance over a whole winter and

all four seasons for optimal performance. II

There is a continuous naturally forced ventilation system in the accommodation

bathrooms which, according to the Facilities Manager was "not understood by the

occupants" (students and visitors) who tended to open windows when it got "hot and

steamy", circumventing the system. He said they often forget to close windows, which

undermines the heating and ventilation system, ultimately resulting in the need to nail the

windows shut over the winter period. This is a good example of 'anti-environmental

behaviour' changing the operation and functioning of the building against the original

sustainable design intent.

Intemal finishes needed redecorating after only a year because of the use of natural paint

and the timber itself, being untreated knotty pine which allowed sap to bleed out, spoiling

paint finishes. The argument put forward is that less environmentally friendly materials

e.g. chemically treated timber would be more durable and therefore paradoxically more

sustainable but the counter-argument was that treated timber could have health and well-

being issues.

The interviewee stated that "WISE will be a maintenance-intensive building - the

untreated timber frame means the wood is less stable through greater expansion and

contraction of the timber.·

Another interviewee suggested that "perhaps contracts should incorporate an allowance

for a post-occupancy budget for correcting failures as a result of occupant experiences

and feedback:

Generally, despite the criticisms which inevitably result from a study such as this, they

were always constructive and heightened by the nature of the whole environment of CAT
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staff and volunteers given their idealism and high sustainability standards. Simply put, "the

building? it does its job!" which for such an ambitious project in terms of its educational

and sustainable aspirations, is high praise indeed from a user of the building.

7.2.8 User behaviour and perceptions
Generally the interviewees responded that the building and its occupants achieve a high

level of pro-environmental behaviour because of the design, materials, functionality and

educational objectives of the building.

Overall, the staff being interviewed were; "happy to be in a modem sustainable building."

The Publications and Design Department team moved into WISE from poor

accommodation and were impressed with the quality of light. Several employees in this

department expressed an improvement in productivity and standards of work and output.

One interviewee stated, "staff tend to stay at work longer because of the quality of the

workspace, building and external views," and another that "relative to other CAT buildings,

WISE users dress more professionally, keep it clean and generally respect the building,

people grow in their space and staff want to showcase it."

In terms of user behaviour it was stated that,

wastefulness was designed-out of the building, it is a user-friendly building and the
design intention was that all users should be fully conversant with control of the
building functions. The aim was to have a sustainable experience for visitors
without thinking too much but to be aware of data on energy and resource use for
comparison with a non-sustainable experience.

Even though students were studying sustainable construction courses at postgraduate

level, it was noted that they still did not switch off lights and left doors open, indicating that

a higher level of awareness was expected but not necessarily forthcoming from their

behaviour. In response, several interviewees indicated that it is difficult for people to

reconcile somewhere like CAT with their daily lives, even on an economic basis. CAT is a

community of like-minded people and when asked about how to bring about sustainable

behavioural change many of the interviewees stated that legislation to encourage

sustainable behaviour is key.

There was clear evidence that the building impacted on pro-environmental behaviour of

users, particularly those allied to the courses. Comments included that, "the building and

environment focuses the mind on how we live our lives and consume energy" and "long

term courses encourage deeper consideration and learning and allows time to assimilate

complex ideas."
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In responding to a direct question on how the building impacted on personal behaviour

one interviewee stated,

it has made me a bit more careful. Because it's such a nice, comfortable building
you get used to a level of comfort that is achieved sustainably, and to achieve that
same level at home would require the use of more resources such as heat, light
and ventilation so it works in the opposite way in some respects.

The WISE building was also considered to be a positive building to work in because of

"temperature" "natural light" "surroundings" and "open spaces for relaxation and

reflection."

For the Student Support Officer this was her first time in a sustainable building and she

stated that all features have changed her ideas and perceptions about sustainability.

WISE, CAT and the local area has inspired her to build her own passive solar home.

Commenting on visitors and students behaviour, many interviewees stated how

impressed people were with the initial aesthetic impact of the building: "it is a pretty and

elegant building." Funding difficulties meant CAT had to run a fundraising campaign, many

people were invited to the opening ceremony who had donated to the fund and, "however

small the donation was,· felt a sense of "ownership, pride and strong connection with the

building: Interviewees also felt strongly about the ethical credentials, the feeling that

"good things happen here" referring to research, teaching and proselytising about leading

more sustainable lifestyles.

Various interviewees commented that the funding bodies are being influenced by the

project, raising their awareness of environmental and sustainability issues through its use

an educational resource. It was asserted that positive reactions could well influence

funding of future projects. Individual funding officers as a result of visiting CAT have

applied methods, materials and techniques used on WISE in their own homes. The

Project Manager learned more about mainstream construction processes and the

difficulties of applying them to a sustainable building.

In terms of management of the building and its effect on users and visitors it was stated

that, "people don't ask how the building is managed, it's not a common question, it is an

invisible art. If people were more aware of building management issues it might impact

behaviour and performance more."

It was highlighted that more information is required about energy use and building

performance related to the carbon footprint of individual building users. It was believed
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that the eventual commissioning of real-time data monitoring equipment around the

building and individual monitoring stations in the private accommodation would influence

behaviour, making energy and carbon impacts more tangible for visitors. These were not

in place at the time of this study.

All visitors, particularly students (as they are residential for longer periods and therefore

their behaviour has a higher impact) should have a level of briefing to inform them about

the principles, operation and functionality of the building on arrival. The question of group

size was also raised as, "small groups tend to engage and discuss things more."

An option could be to relate resource use to financial incentives and present students with

a bill at the end of their course relating savings to energy efficiency with an opportunity to

reduce course fees.

The WISE building represents both traditional and modem sustainable building techniques

combined, which many respondents stated had a big impact on staff, students and visitors

alike.

7.2.9 Supplementary research

7.2.9.1 Workshop
A workshop was conducted during a research study visit to the WISE building, engaging

with twenty part-time postgraduate students undertaking the MSc in Architecture:

Advanced Environmental and Energy Studies course. The results from the workshop are

presented in Appendix II. The purpose of the workshop was to elicit data on participants'

attitudes, perceptions and experiences of the WISE building as a learning space and its

impact on their own learning, understanding and behaviour in relation to sustainability and

buildings. Thirteen of the students were from a built environment background whilst the

remainder were from a variety of backgrounds, collectively offering an informed and

disparate set of responses.

The workshop methodology offered a means of gathering data to supplement the

interview data by allowing the researcher to act as facilitator, commonly referred to as

action research. Parker (2005) states: "it represents a general methodology of involved,

co-operative research rather than a single unified methodology. Rather, it takes a variety

of forms and descriptors, for example 'participatory action research', 'collaborative action

research' or 'co-operative enquiry.·
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The social psychologist Kurt Lewin has generally been credited as the most influential

founder of action research (Reason and Bradbury, 2001). Lewis's model of action

research was adopted for this study.

Action research attempts to create a more direct link between theory and practical action

to improve the context, understanding and application of practice, and to involve

practitioners in developing definitions of problems and in implementing change. The

workshop enabled course participants to work in pairs or small groups to enable debate

and discussion around the key workshop questions presented to them. Feedback was

given after each question was considered enabling the whole group to respond, with a

Q&A session at the end.

7.2.9.2 Usable Building Trust (UBT) Building Use Study (BUS)
occupant survey of the WISE Building.

A study of the WISE building using the Building Use Studies (BUS) Occupant Survey and

Reporting Method was undertaken by the Usable Building Trust Ltd. in 2011. BUS is a

self-completion questionnaire survey and benchmarking method for the study of user

needs in a range of non-domestic building typologies and has been in use for over 20

years. A selection of the most significant results, for the purposes of this study, are

presented in Appendix III. The independent findings generally support and serve to verify

the findings from the primary research method.
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7.3 The Derbyshire Adult Community Education (DACE) Eco-centre
Building

Figure 7.2 Views of the DACE Eco-centre building Source: Author and DACE

7.3.1 Introduction

The DACE building interviews took place over two separate study visits, between 12th and

151n April 2010 and on the 14tn December 2010. The first group of interviews were

conducted during the pre-construction phase and the second at post-construction phase.

In total, four key stakeholders were interviewed resulting in three hours and forty minutes

of interview data.

The interviewees were selected because of their prime involvement with the DACE

building during its design, construction, operation and/or use. For reasons of

confidentiality the interviewee's identities are not revealed in the summary below or in the

transcripts, which can be seen in Appendix VIII. Their job titles were as follows:

• Centre Manager
• Client
• Course Tutor
• Assistant Area Administrator

There follows a summary of the key findings in relation to the impact of the development

process and its influence on sustainable behaviour throughout the pre-construction,

construction and post-construction phases, resulting from the interviews.

7.3.2 Pre-construction phase

The centre focuses mainly on adult education and sets out to be a flagship eco-building

using sustainable materials and construction methods as a centre for learning about

sustainability and best practice resource efficiency through the delivery of short courses.

The interviews revealed that the DACE project was four years in planning and one of the

key drivers was to "provide a hub for the development of new curriculum areas for the

County Councils agenda related to climate change. II One of the interviewees commented

that, "local people wanted to renovate traditional vernacular buildings, which were in a

poor state, but a 'skills gap' was evident and the County Council wanted to fill this gap."
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The College of the Peak was set up to develop and encourage local and traditional skills

training using vernacular materials and techniques, especially using Derbyshire stone,

wood and other local materials. In 2000 European Union Rural Heritage Skills funding was

secured to build the DACE centre.

Additional fundraising for the project was difficult as the project commenced at the onset

of the financial crash in 2008. The Centre Manager stated that "money had been pledged

from the Skills Funding Agency, Derbyshire Economic Partnership and Derbyshire County

Council.- Politically, it was a Labour controlled area which supported the project and a

change in administration did not affect the support as it was seen as a popular new

resource in the area. The new Council leader was a "champion" for local heritage and the

local built environment more than an exponent of environmental sustainability.

The Derbyshire Adult Community Education Eco-centre building evolved as a location

where workshops, teaching, learning and training could take place as a hub of education

for sustainable development and a centre for "widening-out expertise and experience to

other centres.- The original idea was to build a 'tin shack' but all stakeholders realised this

was an opportunity to build an exemplar sustainable building but would involve a lot of

additional work. The Centre Manager stated, "it would have been easy to build something

that was cheap and familiar."

The project used the County Council in-house design and architectural teams. It was

stated that "the County Architects were enthusiastic and relished the challenge and

acknowledged that it would be a steep learning curve." The designers gained inspiration

from local Neolithic structures but in the words of the client, "a lot of design was done on-

the-hoof"

One of the stated objectives was to achieve a BREEAM 'Excellent' rating which was

"unheard or in Derbyshire, at the time of this study. The design and build stage achieved

this rating making DACE the first of its kind in Derbyshire. It was stated that BREEAM

"had a big impact from design to completion pushing the decision makers to stay on track

and not cut corners throughout the project.D

Interviewees observed that BREEAM required an element of stakeholder participation in

the development of the Eco-centre driving the consultation process and the development

team, which involved future users of the building including Natural Stone Centre staff, the

Parish Council, tutors (who would be delivering courses at the centre) and key County

Council staff. This was seen as an exemplar model for integrated design and construction
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practices. From this a 'wish list' of desires resulted, "highlighting the multi-purpose

function of the building and a process of compromise and balancing with achievable

outcomes against budgetary constraints." The main aim was to have an adaptable open-

plan space for multiple activities.

An educator at the Eco-centre stated,

Participation was also encouraged through activity workshops, on and around the
site, for example by building bird boxes from clay from the site to sell at the E:co-
centre open day. Good relations with the local community and schools were set-up
during the construction phase and regular school visits with activities based
around sustainabihty issues happen on a weekly basis as a result of this.

The Project Manager said the site was deliberately located in the middle of the county to

be reasonably accessible to all county residents with a good extemal environment. The

site is an old stone quarry and abandoned led mine and a Site of Special Scientific

Interest (SSSI). The design had to be sympathetic with fitting the building to the site,

protecting water courses and sharing the site with the National Stone Centre. All of the

stone was locally quarried and never travelled more than 8 miles. The site, being located

on old mining shafts had to fill in many of the shafts to ensure site stability.

A considerable amount of pre-construction discussion revolved around the rainwater

harvesting system. The Project manager stated "there was some debate over the amount

of run-off that could be harvested from the green roof. Other questions included whether

the modelling information was correct? Was the system affordable? Should the tank be

exposed or hidden underground?" In the end it was decided to have the tank exposed due

to site and financial constraints. The original intention was for the tank to be hidden

underground, despite the architects not wanting "peripheral services" spoiling the

aesthetic.

Although not the main intention this is a good example of structural transparency, where

the functioning of the building explains itself and this proved to have educational benefits

by making the system visible and more easily understood by building users and utilised as

a teaching and learning resource by tutors. It was stated that "the tank filled very quickly

and has proved a successful system despite the original doubts. n There was little previous

experience and the system was designed in-house and installed by the contractors

roofers and plumbers.

The Centre Manager remarked that "every decision made was balancing sustainability

credentials against cost" Having a fixed budget meant having to preclude some features
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at design stage. It was also highlighted that, "'it's easy to miss opportunities because of

high pressure working practices and regimes at design stage."

7.3.3 Construction phase

The client stated that, tithe building was a very new concept with unfamiliar design

features.· Generally, it was stated that a good working relationship was set up and

maintained between architects and contractors who had some experience of building to

the BREEAM 'good' rating standard and experience of working with timber technologies

and more 'traditional' skills. The design and build team outsourced for more specialist

skills, such as the traditional use of Derbyshire stone, the green roof and the air source

heat pump. Debate focussed mainly on technical issues and goodwill was heavily

dependent on the personalities involved. Project meetings were said to be "very

amicable."

One of the interviewees, an experienced practitioner of sustainable construction, when

talking generally about sustainable building projects, stated that "site supervision and

architects input is generally not good during the construction phase. Sub-contractors don't

give a toss and good detailing is often lost." This was identified as a result of lack of

training and communication of the sustainability ethos from the contractor to the sub-

contractor. Remedial costs could easily be avoided by having half an hour with sub-

contractors to explain what is required and most importantly, why it is required.

He recommended that 'tool box talks' and on-site education, addressing issues such as

why you need good air tightness, would significantly improve the build quality and related

performance of a building. A particularly poignant comment was, "you don't necessarily

need an eea-builder, you just need a builder who listens to what you ask!"

It was generally commented upon that the construction phase of the DACE project was a

very quick process largely due to the relatively small scale and simple design of the

structure and the perception was that delays were due to loss of momentum caused

mostly by a very cold and snowy winter in 2010 and by complex ground works, as a result

of the site being a redundant lead mine 'riddled' with tunnels.

The client remarked that the Architects did not give a rigid brief which allowed for a degree

of design and construction flexibility but contractors often had to wait for the design to be

produced, resulting in delays and frustration. This required "careful diplomacy" to keep

things flowing. One example given related to the glazing, "it was difficult to see how some
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of the glazing features would work so the specification was left until the construction

process was underway."

It was stated that the sustainable sourcing of materials was "a new experience for the

design and build team, which took a lot more planning because it focussed on reducing

transportation needs.· The size of the glue laminated (glulam) beams, being in one long

section, meant that logistically it was quite difficult for them to be delivered on a flat bed

vehicle along the winding roads around the hills of the Peak District.

Originally a straw bale wall was considered as a display and teacrunq resource snowing

alternative use of materials, but this was rejected by the funding bodies because of a

perceived lack of successful precedents and they were afraid it wouldn't work. It was "too

wacky." Locally produced recycled material blocks were used instead, made from waste

aggregates.

It was noted that for some innovative, unfamiliar and untried materials the lack of

accepted certification and in-use experience proved to be a challenge, for example, the

use of relatively high embodied energy new virgin aggregate against readily available low

embodied energy local lime in the concrete flooring system, a much more sustainable

solution,

It was stated that "the flooring system was a big challenge. It is a 'green' floor, polished

concrete with a maintainable finish and high thermal mass. It could have been more

sustainable but the contracted flooring company wanted complete control over every

material that went into it.- The designers had wanted to incorporate lime excavated from

the site but the flooring company would not accredit it as it would void the warranty and in

addition they would have had to crush it on site, adding to costs. New river aggregate was

used instead, representing a "sustainability trade-off.·

One of the main difficulties was with communication technology, IT connectivity and

telephone system. The previously 'green' site had no cabling. There were long winded

legal wranglings between the telecommunications company and the landowners and the

project had to wait far longer than anticipated for paperwork to be completed. The County

Council IT system took a long time to commission, all leading to the centre opening

without computers or telephones during the induction of new staff and whilst running

courses in sustainable design. This had an impact on initial perceptions of sustainable

buildings as not being technically advanced enough.
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The Centre Manager remarked that, "the frustrations were not necessarily because of

unfamiliar sustainable building practices but it being a new building on a green field

location with no services. The original design shape was not compromised too much."

7.3.4 Sustainable behaviour
It was generally accepted that all stakeholders took on board the theory and concept

behind the building.

The Centre Manager revealed that the designers originally wanted a ground source heat

pump but there was some scepticism about the maturity of the technology, so they

switched to an air source heat pump to feed the underfloor heating system which has

proven to work well. According to the Centre manager "the technology is considered as

advanced and will take a year to bed-in in terms of user behaviour to optimise

performance and control.·

From the interviewees' general experience of the building process, the default state when

a problem occurred was to revert to familiar methods, materials and technologies. It was

highlighted that this required "a determination to remain focussed on the sustainability and

the educational ethos behind the development of the building. Project champions were

key in maintaining this focus and driving momentum in the face of additional time and

budgetary implications of taking the often more complex sustainable route...

Mid-build the design team wanted to change the use of mortar from a lime-cement mix to

pure lime and the architects were willing to "hear them out and make changes· which was

beneficial to the overall project. The design team also had to make some changes when

they realised their placement of the solar panels did not make sense and they are maKing

changes to rectify this for the future. One interviewee wished more research had been

done beforehand on renewable technologies.

Interviewees' responses indicated that the building generally "inspired a positive attitude

throughout all stakeholders in the construction process.D It was stated that the Site

Manager, though being cynical at the beginning, had "Ieamed, enjoyed and found the

project interesting and was glad to be a part of the building but had still found the learning

process ditficult." He was very helpful in arranging ten educational visits during the

construction period, "the visits proved very popular to a wide variety of local groups

including adult groups, school groups, university groups, special interest groups, the

Parish Council, architects and planners, hippies, good-lifers and transition townspeople."
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Generally the site visits enabled groups to see the building being produced and elicited

questioning and enquiry at many different levels. It was stated that, "including and

involving the groups in this phase of the project encouraged a sense of ownership and

engagement with the building that few projects promote and often positively discourage."

This sense of involvement was proven to have positive effects as these groups to want to

use the building in the future and share information about the new sustainable building

and its forthcoming educational programme.

7.3.5 Post-construction phase - Impact of sustainable features

The DACE building was officially opened on 18th September 2010. At the time of the post-

construction interviews, three months after the opening, the occupants stated that they

were still getting used to the building and how it performs in terms of its resource use,

educational and behavioural aims and objectives.

The construction of the green roof was given as an example of making a bold statement:

"the building invites people to ask questions about the materials and technologies

involved."

Other comments included, "the Eco-centre is a place for making things, a productive place

where you can make a noise. Even how you make a cup of tea here can influence your

sustainable behaviour because the whole process is brought to your attention" (the

process refers to water and energy efficiencies of consciously boiling only the required

amount of water).

Severe weather in the winter of 2010 meant the heating system was not operating

correctly for quite some time soon after opening and it had to be operated on a 24 hour

heating regime resulting in space temperatures on average 10 C higher than designed.

One interviewee commenting on the behavioural effect of the under floor heating system

stated "it operates very differently to what most people are used to, offering a slow-

response rate but steadier temperatures. Control of the system has proved difficult and

efficient user control is a case of getting used to the system and how it functions in

relation to the building and user requirements for different activities in variable seasons."

At the time of the post-construction interviews the building had only been occupied for

three months. Referring to the heating system, one interviewee commented that, "user-

friendly controls do not tend to be a priority for designers" and evidence from the other

case studies suggest that users should not be given control without a full understanding of
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how the system works allied with controls that are easily understood and operated. Until

this becomes the norm, it seems the best option is mechanical control by a dedicated

operative.

A particularly salient comment was, "there's a lot of space between what a building is

designed to be able to do and what the users of the building are able to extract from that

building. The knowledge deficit is big: It was indicated that the staff are prepared to wait

to leam how to operate all the systems to their optimum performance requiring a

willingness to engage and having or being given the time to learn. The Centre manager

stated, "experiencing the building in different temperature regimes and how the system

responds is the best way to learn. It operates a bit like an Aga" meaning a steady-state

rather than familiar on-demand and rapid responsive heating. Experiential learning has

been shown in this study to be one of the most effective information retention techniques

(see chapter 3).

An operating handbook was provided which was quickly recalled by the architect and

engineers and at the time of the interview had not been returned to the Centre Manager

suggesting that the system is still being analysed, adjusted and understood by the

technical experts three months after the opening of the building. It was noted that "the

user manual was written in very technical and long-winded language, there was no-one

available to translate it and it could have been more user-friendly."

Several interviewees stated that there was a mismatch between "when" and "how" the

building operation training took place. It was asserted that training delivery was too early

in the post-occupancy phase at the time when new building users were expected to take

on a plethora of new information about their roles and working practices. Information

about the performance and running of the building was not seen as a priority and added to

the "information overload" and therefore was not fully assimilated or absorbed by

occupants.

It was argued that this set up barriers to engaging in practical building issues later on. It

was suggested that with a new team and a new building, technical training needs to be

delivered at appropriate intervals, as an iterative process and written in a format tailored

for ease of reference. A technical expert knows their subject so well that it becomes

difficult to communicate that knowledge to lay people or non-technical building users. It

was commented that, "any new building takes a year to understand."
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It was remarked that ..the air quality and use of natural materials produces a calming

space and people very rarely display agitation in the building. It's not a fussy building, it is

simple."

One of the tutors, a sustainable building expert, was involved during the construction

phase and questioned why the contractors used a sand-cement mortar and not lime, as a

more sustainable solution. This was cited as giving a mixed message to those looking to

the building as an exemplar sustainable building and a loss of opportunity to display best

sustainable practice.

Another example of mixed messages was highlighted as possibly one of the most

common anomalies in building energy efficiency; the need to open doors and windows to

let heat out, a serious incongruity in a sustainable building. "Do people go away thinking

eco-buildings are overheated buildings?" In fairness, it was stated that these were due to

..teething troubles" with the heating system. The unintended overlap between

commissioning the building and the commencement of activities in the building can have

short-term negative experiences which can damage the long term reputation, if not

resolved quickly or explained to users and visitors.

The team went to considerable trouble to procure sustainable furnishings and fittings and

sourced warehouse returns in the form of recycled chairs. The County Council had a

"limited" sustainable procurement policy and commissioned new bespoke timber desks

which did not match the sustainable credentials of a lot of the other interior features but

the sustainability agenda of the DACE building did encourage and effect change within the

County Council in terms of construction materials which had a knock-on effect to other

aspects of resource purchasing.

7.3.6 Building as a teaching and learning resource
It was remarked by a tutor at the Eco-centre that "the fabric and function of the building is

directly tied to the content of the courses being delivered." This illustrates a strong

congruity between form and meaning in terms of the sustainability message, reinforcing

the leaming experience. The open plan design enables connection to activities, a sense of

involvement with the purpose and function of the building. At the time of the interview the

tutor had not had an induction to the building services and would have liked to have had

access to the air source heat pump plant room to use as an educational tool and to
generally integrate the building more into teaching.
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Generally, the integration of the 'floor window showing the workings of the underfloor

heating system was considered as a valuable teaching and learning tool, making what

was essentially an 'invisible' system, more transparent and perceptible to building users. It

was remarked that this concept could have been applied to show the construction of walls,

incorporating insulation and recycled blocks, commonly known as a 'truth window. This

strategy was deemed infeasible for the roof as it is of warm deck construction. The tutor

said that "the next best thing to interactive displays are educational posters" and evidence

from this study, both from existing literature and other primary research data, supports

this.

The tutor also stated "there's an advantage to having stuff in your face, you can see it and

touch it but interpretation is the key, as a teacher I would say that wouldn't I? How you

incorporate the features into the curriculum is important."

It was asserted that the "educational impact is subliminal - people visit the Eco-centre to

learn about solar water heating or needlework but people absorb the sustainability as a

result of being in the building. Personal behaviour change is not the main reason people

visit the building but is a consequence of being here." The DACE Eec-centre Manager

measures educational performance in terms of enthusiasm for the courses and whether

people "come back for more. They could just be visiting because of the novelty of a new

local resource but this is inseparable from the experience of the sustainable features and

nature of the building."

It was asserted that the deliberate sustainable policy of not allowing cars on-site makes

people question as to whether the centre is open or not. The visual continuity of Ine

facade design does not clearly indicate the location of the entrance. This was seen as a

potential negative aspect of the building which could impact on people's perceptions and a

more inviting entrance to the building was being considered.

Avoiding the over-use of signage was considered as a key design element with the intent

being not to "clutter the space" and try to do things in a "simple way" without "shouting" at

people, in line with the desire to create a calming environment. However, it was felt that

more displays and interpretation was needed which could be located outside to encourage

interactive and experiential learning e.g. an interactive photovoltaic display, open garden

space and full scale model of a cross-section of the green roof.

One interviewee mentioned that university students "looked impressed" and "pointed at"

features. Another stated that, "it's good to see the building is having an impact. People
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feel it is accessible and can be used by the local community e.g. free access to

computers" DACE has hosted events not directly related to sustainability, such as local

photographic exhibitions and school art exhibitions encouraging participation and a sense

of ownership and connection, °stitching the building and its sustainability ethos into the

local community.-

In order to establish the impact of the building on visitors the Centre Manager is recording

visitor numbers and return visitors but says, °it is hard to measure the true educational

impact the building has had.- During the interview it was suggested that a questionnaire

could ask about the impact the visit to the building has had on individual visitar behaviour.

This was welcomed and is a good example of how research can influence good practice.

The DACE project is actively trying to tie into the local economy by creating an affiliation

scheme and a program of discounts with accommodation in the area. Their plan is to help

sustainable businesses in the area benefit from the delivery of longer term residential

courses. This scheme also includes bringing experts out to the course or involving them

'virtually' so that the project can benefit from new ideas and solutions in order to stay

cutting edge even as the staff fall into set routines, effectively 'future proofing' the project.

Some interviewees commented that, 'many people (visitors) have said that they wish the

site was actually greener" and while the Centre Manager is "happy with what the building

has achieved" she hasn't stopped considering ways to improve the site, particularly

biodiversity as a key sustainability indicator.

The client suggests that the project struggles with some educational anomalies including

staff, as part of the wider network who are "not enthusiasts for the sustainability agenda

and not all of the outlying centres have fully embraced even the small things, like fair trade

coffee and recycling of paper.- The client hoped that the Eec-centre, as an exemplar

sustainability hub, will influence other centres. The interviewee suggested other

sustainable strategies which could be incorporated into the project including a trail through

the building, with interpretive displays, as well as a cross-section through the wall, but was

resigned to, due to financial constraints, "having to rely on photography to show visitors

things like the green roof and the wall make up." This shows recognition of the value of

the use of the building itself as a vehicle for behaviour change interventions and as an

educational resource. While it was a desire to involve the community more in the design,

construction and operation of the building, the client indicated that there were regulatory

constraints on such activity.
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One staff member commented. "right from the start the building has been a leaming

experience and changed people's views. especially architects, engineers and

contractors.•

7.3.7 User behaviour
One interviewee stated that, "the visual impact gently leads you into a way of behaving

along with the attitude of staff and the surroundings. a bit like supermarket psychology,

creating the environment to influence behaviour through product placement. 'musak',

smells etc. only in this case the commodity is education for sustainable development. It is

more like persuasion that makes people believe it is their choice, guiding people.·

Another interviewee commented that, "as you enter the site it impacts behaviour. The

aesthetics of the building is imposing but feels settled. We haven't tried to hide things, for

example the rainwater harvesting system, people say 'oh! is that how it works?', dispelling

myths and fear of 'new' technology. In this respect it makes sustainable features a talking

point,"

More than one interviewee felt the building was significantly different from previous

working environments in terms of there being a sense of "open space," "comtort,"

"warmth· and "light.· It has been shown earlier in this study that these factors are closely

allied with job satisfaction contributing to a healthy environment and general sense of well-

being. This was viewed as a positive difference compared to "dingy,· "unlit,·

"unventilated,· "cramped" offices. It was explicitly stated that "seeing people enjoying

leaming was also a factor in overall job satisfaction.·

Another comment included, "people are excited, enthusiastic and want to know about the

sustainability of the building, particularly technical aspects, which elicits questioning about

the under floor heating, the timber frame structure and rainwater harvesting."

In terms of the control of lighting, ventilation and heating systems building users had to

consult the Centre Manager to adjust heating in agreement with colleagues. There was a

general awareness that the system needs tweaking and a willingness to leam was evident

from the interviews. Even without heating the building feels relatively warm due to good

insulation levels. This is an important message and shows an increasing level of

awareness through experiencing the building's performance in use.

One interviewee stated that they will apply what has been leamed from DACE to their own

home and lifestyle. The idea of sustainable development has "become more of a reality,
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more tangible and therefore more achievable." This is a good example of experiential

leaming, setting precedents for future development and leading by example. This

particular interviewee stated that he "has become a self confessed eco-budd anorak" and

now goes to all the green building exhibitions such as Ecobuild and Grand Designs.

General responses show that the building reinforces prior knowledge about sustainability

and has a direct influence on leaming about sustainability. The building enables staff,

students and visitors to put into practice their sustainability aspirations. The building

increases awareness and, in the words of one respondent, "enables people to tap into and

share knowledge as a hub of sustainable thinking, experience and debate." In this respect

it achieves one of its key objectives, to create a network of like-minded people.

7.3.8 Lessons learned
One interviewee, a lecturer in sustainable construction, would have liked to have seen

higher standards of insulation to achieve a zero heat demand building, in line with current

sustainable best practice, which advocates a 'fabric first' approach. He stated that, "as a

sustainable building it will still use tens of thousands of kilowatt hours and currently only

just goes beyond current Building Regulations and could therefore quite quickly be seen

as non-exemplary. as general standards improve beyond the thermal efficiency of the

building. It is therefore only 'a little' future-proofed." However, it was recognised that

additional insulation would have had spatial, financial and other design implications.

It was conceded that in hindsight the project could have aimed higher to achieve

BREEAM 'Outstanding' but at the time only one building in the UK had achieved this

rating and it was considered too ambitious and unattainable by the funding bodies. This

illustrates how BREEAM drives aspiration to greater sustainability and has the potential to

change the perception of industry norms. It was asserted that BREEAM focuses on the

lowest common denominator and energy credits to achieve ratings whereas it should be

looking towards adopting high sustainable best practice principles.

The main funding was capped and time limited and a lot of unplanned work was

undertaken on the ground works due to the unique nature of the site, therefore the project

was under considerable pressure to complete on time. Extra time was also needed to

research new methods and materials and to consult with interested parties, as well as the

commissioning and optimisation of new technologies.

In order to realise the project within time and budgetary constraints it was decided to

'future-proof' the building by allowing for the integration of new and evolving renewable
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technologies and materials should funding become available in the future. An original

desire was for the building to be 'off-grid' and powered by a single wind turbine but the

planning process would have delayed the project, particularly in the environmentally

sensitive Peak Park. Since the completion of the building a community scale wind turbine

has been installed in a local village, inspired by DACE, and this may have set a planning

precedent for the erection of a much higher capacity wind turbine for the whole site rather

than just the individual building. This illustrates the importance of designing for adaptability

and allowing projects to grow 'organically' and adjust to changes in funding, technology,

materials and other factors.

The open plan workshop was a deliberate design strategy to afford flexibility and

adaptability given the wide variety of courses available with differing spatial requirements.

Screens would have undermined the design integrity and caused fire safety issues. As a

consequence the space has relatively poor energy conservation performance, not

allowing for more energy efficient zonal control. A retrofit option is being considered but at

the time of the interviews it was not certain whether a design solution exists within fire

safety legislation and financial constraints.

The lighting incorporated a lot of fluorescent tubing and could not be controlled to a

sufficient level to enable reduction of artificial lighting when not needed. The installed four-

way switching system could easily have been specified at the outset as an eight or

sixteen-way switching system for little or no extra cost but to retrofit would be physically

difficult and financially unfeasible.
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7.4 The Core Building

Figure 7.3 Views of the Core building esource: Aumor ana cnen

7.4.1 Introduction
The Core building interviews took place between 5111 and 8m April 2010. Three key

stakeholders were interviewed resulting in two hours of interview data.

All the interviewees were selected because of their fundamental involvement with the

Core building throughout its design, construction, operation and use. For reasons of

confidentiality the interviewees identities are not directly disclosed in the summary below

or in the transcripts (see Appendix VIII). However, knowledge of their job titles is important

in understanding their perspectives and experiences and are as follows:

• Tertiary Education Co-ordinator
• Director of Interpretation/Project Champion
• Maintenance Manager

There follows a summary of the key findings from the interviews in relation to the impact of

the development process and its influence on sustainable behaviour throughout the pre-

construction, construction and post-construction phases.

7.4.2 Pre-construction phase
From the interviews it was established that the Core building was part of the original plan

for the Eden Project but lack of funding meant it could not be built in the first development

phase. It was built out of the necessity for more educational space to accommodate

schools programmes and wider public education activities and to house innovative,

experiential and interactive displays, as well as restaurant facilities and additional office

space.

The Director of Interpretation was involved in a five hour session with the architectural

team on how plants grow which resulted in the desire for the building to be: "an exhibit in

its own right." The design team went on a European study tour which influenced their

ideas and they found a Swiss roofing company who could manufacture and install the

wide span roofing system. The Educational Co-ordinator was involved in advising on the
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building's relationship with the surroundings, links to biodiversity and their educational

potential.

The final functional brief was to create "a building for schools, for our public events

programme and an exhibition hall to take our stories to a deeper level." The building

design was inspired by the Fibonacci sequence recreating spiral growth patterns in plants

and incorporates this throughout many aspects of the building resulting in the entire

building an example of bio-mimicry. Beyond the functional brief one interviewee stated

that, "we wanted the building to be as resourceful as a tree. Our roof would be designed to

provide shelter, filter sunlight and generate power."

In the words of the Director of Interpretation the project aimed to "go beyond BREEAM

because the design team felt that the BREEAM requirements were not high enough for

the sustainable aspirations of the project.II In a way this has highlighted the value of

BREEAM in establishing a base standard for comparison across buildings but can be

perceived as inadequate to reflect the exemplar nature and high sustainable aspirations

for some buildings.

7.4.3 Construction pnase
Unfortunately the Sustainable Construction Manager nor the Architects were available for

interview during the case study visit and proved difficult to contact by telephone and e-

mail, despite numerous attempts. Each of those interviewed had little detailed experience

of the construction phase only that school groups were taken on tours of the construction

site in collaboration with the Construction Industry Training Board.

It was stated that the design team were "kind" to the Director of Interpretation and other

non-technical stakeholders by reassuring them that "it'll be fine" and there was a strong

element of trust that ran through the whole of the construction phase. It was cited that

being persistent and not taking no for an answer plus "not knowing" about the construction

process and its perceived limitations was an advantage, as barriers were not as evident to

non-technical stakeholders.

In the book about the project, Joumey to the Core (Elworthy, J, 2005) a quote from the

Director of Interpretation sums up the collaborative and integrative nature of the

construction process,

the Core was built by many people: architects, engineers, artists, scientists,
dreamers, contractors, writers, researchers, craftsmen, philosophers.....a
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testament to collaboration showing what can be accomplished when people work
together to create something greater than the sum of their parts.

7.4.4 Post-Construction phase
One interviewee noted some problems with the user guidance for a number of the

building's operating systems, saying "the manuals, particularly from the third party

companies were not detailed enough and that training is less effective because of regular

changes in personnel resulting in the loss of accumulated knowledge and experience." It

was cited that the architects could have incorporated the knowledge and experience of the

engineers who run the sustainable building, at design stage, so that many of the issues

experienced in-use could be resolved earlier on in the development process.

The Maintenance Manager expressed a desire that contractors would remain accountable

and responsible for their work after the project was signed over. He highlighted some

sustainable measures, such as the ban on the use of PVC or the installation of automated

lighting that ironically caused "more harm than good," in that they proved to not be

economically sustainable.

The building was not tied into the central site management system and does not have a

BEMS system which is very difficult because they have fully automated lighting, heating

and window systems and no way to coordinate or control them. A site wide BEMS

integrating horticulture control as well is in planning stage for the site with the potential for

significant energy savings. One interviewee found it "very hard sometimes to remain

positive about features such as the photovoltaics which is only producing 10% of what it

could and the maintenance costs are superseding the savings made from them."

Another interviewee disliked the windows aesthetically while another found them inspiring,

although they both noted that the windows leaked. The building was well sound-proofed

however that has had a negative impact on some of the blind and partially sighted visitors.

However, the building is highly accessible to disabled and stroller users, all three floors

are on ground entry level. However, this feature has made bringing in resources more

difficult. This highlights the complexity of competing functions within buildings which can

be exacerbated when sustainability strategies are factored-in and makes integrated

design even more critical early in the planning stage.

The educationalist interviewed found that people do not necessarily know that the building

is sustainable and unless features are directly related to the course he is teaching he finds

ne incorporates the building very little into his teaching curriculum. The Maintenance
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Manager is happy to admit to visitors the problems the site has had with its biomass boiler

and lack of BEMS in the hope of helping other projects learn from their mistakes.

A health and well-being concern was expressed over the large recess bays in the ceiling

holding dead air and causing office sickness from chemical particulates emanating from

the photocopiers.

One of the interactive displays in the Core building was also worthy of note, the

nutcracker, which makes "quite a bit of nolse," and requires a great deal of energy to

conduct a minute task but does have high educational value highlighting the balance

between energy use and functionality. It was also commented that the automated doors

open too often, reading to people passing the building rather than entering, wasting

energy both in their unnecessary operation and in heat lost through the opening. This

could have been alleviated at design stage with a more sustainable solution, such as

revolving doors, but could have affected visitor flows during peak times.

The Diredor of Interpretation would very much like to incorporate a trail through the

building to explain some of the sustainable features of the building. The Core project also

brought about a change in industry practice with its insistence on sourcing

environmentally responsible copper resulting in a proven sustainable 'chain of custody'

setting an industry-wide precedent. The Core project team had "a great relationship with

their architects and contractors, and have remained in touch because they are working on

new projeds together.·

Each of the interviewees commented on the impact of the building on their own behaviour,

one stating that if he had more money he would incorporate the ground sou rce heating

system into his home, another saying that there was nothing in the Core building that

changed his views, largely due to negative experiences as a Maintenance Manager and

the other interviewee believes that she did learn a lot about working with mainstream

architects and engineers.
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7.5 The Genesis Project Building

Figure 7.4 Views of the Genesis Project building Source: Author

7.5.1 Introduction
The Genesis building interviews took place between 23rd and zs" March 2010. Two key

stakeholders were interviewed resulting in three hours of interview data.

The interviewees were selected because of their key involvement with the Genesis Project

building throughout its design, construction, operation and use. For reasons of

confidentiality the interviewees identities are not revealed in the summary below nor in the

transcripts (see Appendix VIII). Their job titles were as follows:

• Sustainable Construction Manager
• Education Facilitator

There follows a summary of the key findings in relation to the impact of the development

process and its influence on sustainable behaviour throughout the pre-construction,

construction and post-construction phases.

7.5.2 Pre-construction phase
The Somerset College of Art and Technology had been given the Centre for Vocational

Excellence (CoVE) Award for their construction skills courses and this was cited as one of

the main drivers for the development of the building along with a 'project champion' in the

construction department of the school who was instrumental in leading the Genesis

Project down the path of sustainability. The design brief was very open stating that, "the

building must be educational in and of itself." It was mentioned that the school had a

"corporate social responsibility to their students to prepare them for changes that can

happen in their lifetime."

The architect was selected by committee which included a student and community input. It

was observed that, "there is a sense of ownership that children feel if they are involved in

a project directly. U The college had its own quantity surveyor and project management

team and the contractor was selected because of previous experience in sustainable

construction. That said, the contractor was very nervous about the use of straw bale and
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wished to make "cheaper and practical solutions" instead of fully buying into the

sustainability of the project's ethos. The project team did conduct a study tour which gave

rise to more concems about straw bale, this time from the Deputy Principal of the college,

however it was decided to incorporate a straw bale element to the project, which

ultimately proved successful, dispelling the original fears and promoting sustainable

construction innovation.

The Sustainable Construction Manager commented, "as the project continued there was a

shift from seeing the building as cutting edge to seeing the building as experimental, and

much was learned from the process which may not easily be seen through the difficulties

faced in construction.· He highlighted that the project team did not have a positive

experience with things like the biomass system and budgetary issues. They continue to

recommend sustainable building methods, materials and technologies and have much

advice to impart. The desiqn team struggled to "accept a lack of their own knowledge in

certain areas" and there were "negative relationships" between some of the design team

and the contractors, which were never resolved.

The Sustainable Construction Manager did not think these kinds of issues occurred

because of the project's sustainable credentials but because it is a larger industry issue.

There were some techniques which were rejected by the project team including using

hemp lime, installing a wind turbine, incorporating a reed bed and a rain water harvesting

system but for various reasons (mostly economic feasibility) those features were not used.

They also decided not to go for a BREEAM accreditation because it was felt that the

unique educational aspects of the project would not be adequately represented by the

rating system.

7.5.3 Construction phase
It was stated that the project had to deal with value engineering on site much more

pervasively than desired and the workers had to take days off mid-build due to financial

cutbacks in design. This was largely due to the relative high cost of sustainable materials

as well as specialist contractor costs, which are high due to the shortage of people trained

to do this kind of sustainable work. Some features of the site included the choice to use

cement-reduced concrete instead of pure lime and the project team hoped that the green

roof and the biomass boiler systems would be accessible to visitors but due to site

constraints their features are only translated through photographs.

The Genesis Project has chosen to focus on designers as their main audience because

they have a CPO requirement to fulfil. The Genesis Project, throughout the development
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of the building, have worked to test materials like the sheer strength of the cob wall to add

to industry knowledge and to enable more sustainable construction methods to be

adopted by mainstream organisations ensuring valid and reliable performance

characteristics.

7.5.4 Post-construction phase

It was highlighted that the Genesis Project does not have any funding to help people with

sustainable construction enquiries, despite there being an identified demand for such a

service and there was a strong desire to set up a responsive information facility in order to

disseminate sustainable construction practices more widely. The project has seen an

increase in interest from mainstream contractors, however it was noted that, "users (both

staff and visitors) do not live up to the sustainable ethos of the site. People still leave lights

on and waste resources."

Both interviewees reflected on how the unsustainable use of a sustainable building

reflects poorly on the site as a whole. Both made the point that people who were upset

with the college for various reasons actively fought against the sustainability initiative of

the college "out of spite.· They both also felt that the mechanical and engineering

consultants did not do a thorough enough job and that more investigation was needed

relating to specialist elements such as the solar thermal tubing and the use of renewable

energy. The M and E consultant never came back and fixed any of the elements that were

not installed correctly and thus the cost of the project increased.

It was also noted that some of the basic building elements were missing or poorly finished

because of the increased focus on the sustainable features. The Sustainable Construction

Manager remarked that, "the sustainable nature of the project needed a shift in the

traditional costing procedure where more of the cost should be 'front loaded' in the design

and technical aspects. However, the people paying for the project did not take that into

consideration. a He went on to state that he got the Site Manager and several other people

to change their mind about straw bale and support the technique as valid after the build

was completed. There was an attempt to involve the local community into the build

process however that could not occur for tactical and logistical reasons.

The Sustainable Construction Manager remarked that, "the post-occupancy measurement

of the building has not been great, we can simply measure water and fuel usage as well

as the PV output, the other measurement systems or components of them were cut due to

budgetary constraints.· This illustrates the difference between value engineering based

purely on capital cost considerations and value management which considers longer term
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whole-lifecycle costing and social and environmental sustainability. The Education

Facilitator believed that a more visual monitoring system would greatly increase the

scientific validity of the project. In the future it is planned to contrast the green roof versus

traditional roofing systems.

One of the interviewees would change the manual light switches to be completely

automated so that human error could not cause wastage, believing there is too much user

control whilst the second interviewee felt that there was not enough user control and

wished there could be more control over the lighting and heating systems. The features

that have the biggest impact according to the Sustainable Construction Manager was the

lime plaster in the earth buildings, as well as the waterless urinals, he also says "people

really appreciate the exposed materials and cross-sections through the different

structures." The Education Facilitator believes that the Genesis building has inspired the

college to look at and adopt other sustainable initiatives.
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7.6 The Sidwell Friends Middle School Building

,
iews of the Sidwell Friends Middle School building

7.6.1 Introduction
The Sidwell School building interview took place on 6th July 2010. One key stakeholder

was interviewed resulting in one hour and twenty minutes of interview data.

The interviewee was selected because of her involvement with the Sidwell building

development. For reasons of confidentiality the interviewee's identity is not revealed in the

summary below nor in the transcripts (see Appendix VIII). Her job title was as follows:

• School Principal

There follows a summary of the key findings in relation to the impact of the development

process and its influence on the sustainable behaviour throughout the pre-construction,

construction and post-construction/occupancy phases.

7.6.2 Pre-construction phase
The School Principal and her family have been involved in sustainability for a long time

and the Sidwell School, which was founded on Quaker principles, has environmental

stewardship as one of its main pillars. The building is half renovation and half new build so

the construction was done in two phases, the new building being built during the school

year and the old building being renovated over the summer holiday period ..

The impetus for a fully green school started with "a single enthusiastic board member and

then spread to the whole school." The architect had very strong sustainable credentials

with a proven track record of producing educational buildings incorporating sustainability

throughout. The architect readily took input from the faculty in their design aspirations

although the green features mostly came from the design team.

The School Principal explained that the sustainable features were placed in one of three

categories, the first being sustainable choices which had no cost implications, for example

low VOC paints which cost the same as other less sustainable varieties, the second were

items which paid back the extra investment in three to five years such as a high efficiency
330



boiler and the third were choices which were not economical but had such high

educational value that they were worthwhile such as the PV panels and the constructed

wetland. The wetland and green roof both took two attempts before they were

successfully implemented due to errors either in design or installation.

In the design process the Sidwell project took into account the Leadership in Energy

Efficient Design (LEED) platinum requirements and made some decisions based on this

and the interviewee stated, "they found the system easy to implement and drove forward

the sustainable agenda, helped by having a LEED consultant who even provided the

school with educational materials for the students."

7.6.3 Construction phase
Given time and resource restrictions stakeholders involved during the construction phase

were not able to be interviewed. However the School Principal was aware that the

students got to see the careful deconstruction of the school and the uses found for old

materials. The team tried to get the students involved in the construction process

themselves but health and safety regulations proved too difficult to overcome.

7.6.4 Post-construction phase
It was stated that "the architect remains involved in the project, possibly because they

have continued projects on the site but also because they are committed to the long term

sustainable impacts of their projects." The school has not had the time to work out all the

data about the building's performance because the campus is still under construction,

however hopefully after all the buildings are completed a site wide building management

system can be implemented for better monitoring. The school site was classified as a

certified wildlife habitat because of the wetland system and is engaged in local authority

studies around urban bee populations. The School Principal has found "that the students

take home ideas such as energy efficiency and recycling more often than others because

they are easier to implement and are more visual."

The school has successfully incorporated the building into the school curriculum, across

different subject areas and it was stated that "every year in science brings some measure

of the site into the curriculum and even the English department gets involved. In the eighth

grade year the students study the building in great detail and are trained to give tours of

the building to both younger students and visitors, which is one of the best ways to embed

knowledge and understanding, through experienfial learnlnq."
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The school also actively engages the students with sustainable activities outside of school

including the 'Solar Decathlon,' a biennial event that encourages the design of sustainable

buildings, a number of which are built on the national mall in Washington DC. The building

has signs and models of techniques throughout for educational purposes indicating

features like how linoleum is made or the reclaimed nature of many of the schools

materials.

The design also incorporates several ways to make the sustainable features more visible

to students including dying the water in the toilets to show that it is recycled water from

their closed loop system as well as chimes in the solar chimney to alert them aurally to the

air movement in the ducts. The Yale School of Forestry is studying the students at Sidwell

long term to see if there are any changes in the students' pre and post sustainable

building behaviours. The results were not available at the time of writing.

Now that the site is in use the building has seen a change of behaviour in many of their

service providers including their cleaning company and their food provider. The cleaning

company has adopted sustainable practices and the school has sought new food

providers who are more sustainable and healthier in their practices. The School Principal

says "she learned the most about sustainable materials throughout this process"

The school is struggling to find alternatives to car use but has incentives in place for the

use of public transportation. The building lacks a solar hot water heater but that is simply

because the demand for hot water in the building is so low that such a system would not

be economically sustainable. Students and faculty are adapting to having less climate

control and that students have really taken ownership of the project. A stated desire was

to add a demonstration of wind power to the site however a feasibility study would have to

wait a few years.

7.7 Chapter summary
The interview technique was chosen in order to gather data to support the hypothesis that

sustainable buildings encourage sustainable behaviour. A great deal of evidence was

gathered from the direct experiences of those closely involved with the case study

buildings through their design, construction, operation and use. This has enabled the

interpretation and understanding of phenomena in their social, institutional, political,

economic, technological and organizational contexts allowing for a deeper-level

understanding of the responses and considered reflection on what lies behind them.
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The seemingly disproportionate length of each case study presented is due to the differing

number of interviews undertaken and therefore reflects the amount of data gathered for

analysis. This in no way reflects unfavourably upon the merit, worth or value of any of the

individual responses.

From the analysis of the interview data, through the open coding of the fifteen and a half

hours of transcripts, it can be asserted that the case study buildings have had various

psychological and physiological impacts (highlighted in Chapter 2) resulting in behavioural

change for a number of people.

The following concluding chapter offers a discussion and summary of the key findings

from this study based on the literature review of theoretical and philosophical principles in

this field and the analysis of the case study fi ndings through the interviews, on-line

questionnaire, workshops and other secondary data sources.

333



Chapter 8: Discussion of Findings

8.1 Introduction

This chapter analyses and interprets the findings from the primary research reported in

Chapters 5, 6 and 7, and relates them to the literature review presented in Chapters 2, 3

and 4 and discusses the findings in relation to the main research question: 'sustainable

buildings: sustainable behaviour? To what extent do sustainable buildings encourage

sustainable behaviour through their design, construction, operation and use?'

By analysing and discussing the results based on the research findings the inter-

relationship of the key variables of sustainable behaviour, sustainable architecture,

education for sustainable development and behavioural change theory is presented. The

synthesis of these factors highlights the mechanisms for change identified from the case

studies linked to findings from behavioural change psychology and are presented in terms

of the overall hypothesis that sustainable buildings encourage sustainable behaviour in

relation to the three pillars of economic, environmental and social sustainability.

8.2 Denial
One of the greatest barriers to behaviour change for sustainable living throughout society,

and therefore present within the built environment industry, is denial that anthropogenic

climate change is occurring. This enables individuals, organisations, institutions and

governments to deny the significant impacts of global warming and climate change on the

global economy, societies and environment, despite quite clear indications, based on

empirical data, as presented annually by the Intergovernmental Panel on Climate Change

(IPCC) reported in Chapter 2.

The factors that contribute to the denial that buildings and cities need to mitigate against

and adapt to climate change are a mixture of psycho-emotional blocks where people

perceive the threat as far away, that technological or market solutions will solve them

(false positivity) and that it is the fault of others (reactive denial) and we wait for others to

act before us (passive bystander effect).

Other factors were found to include self-serving denial where we discount the

environmental problem because of our own self-interest, often for economic reasons,

citing that the problem is too big, that we lack the ability to act or our own actions are

insignificant in tackling the problem or we deny our ability to perform sustainably (Marshall

2001). Our response is strongest to threats that are vlslble, with historical precedent,

immediate, with simple causality, are predictable and have direct personal impacts,
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whereas climate change is invisible, unprecedented, drawn out, a result of complex

causes, unpredictable and has indirect personal impacts.

Traditionally, attempts to change behaviour by the environmental movement and

educationalists have used rational informative and didactic techniques which have proved

to have limited effects and often result in short-lived behavioural changes. Campaigns are

now increasingly looking to engage peoples' psycho-emotional responses to

environmental problems.

8.3 Designers and behavioural change
From the field studies of the five exemplar sustainable buildings the key characteristics

and drivers for each of the buildings was established. They each represent a design ethos

that reflects findings from the research, identified as 'design for sustainability' (DfS),

'design with intent' (OWl) and 'persuasive design'. A common aim was to 'show by

example' and to influence and encourage pro-environmental and wider sustainable

behaviour explicitly through the design of the buildings or implicitly through the ethos and

philosophies of the organisations. The WISE building embodies what is taught within it

and encourages sustainable business innovation and is designed from the 'inside-out' with

the user in mind (user-centred design).

The OACE building is instrumental in delivering the local authority Sustainable Action Plan

and is focussed on the development of empathic, intellectual and technical skills for

sustainability and the building is a catalyst for an innovative sustainable curriculum. It

incorporates features, such as the cut-away floor (Figure 5.27) which has the design intent

of raising awareness of sustainable systems, encouraging inquiry, consideration and

application.

The CORE building embodies biomimicry through its nature-inspired design (Figure 5.39)

and strongly reflects biophilia, our psychological and physiological need for elemental

systems and materials (Figure 5.40). It is a test-bed for public education and experiential

learning through its interactive displays (Figure 5.44) and encourages social engagement

by involving local groups in designing interior spaces, 'stitching the building into the

community' (Figures 5.47 and 5.50). The Genesis building is visible, transparent and

experiential through constructional cut-aways and cross-sections (Figure 5.59), and is

focussed on mainstreaming sustainable as well as traditional construction methods,

materials and technologies. The Sidwell building represents a strong moral and ethical

philosophy through its Quaker heritage and the architects display a strong persuasive
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design agenda where a stated aim was to render the 'ethics as the aesthetic' illustrated by

the integrated solar chimney as a key sustainable feature (Figure 5.81).

Meaningful dialogue by as many stakeholders as possible at the conceptual stage of the

building represents integrative and participative best design practice. The data from the

online surveys and interviews indicates that the involvement of facilities managers at the

design stages of these projects shows an appreciation of the value of involving those

tasked with operating the buildings at such an early and critical stage. This has

implications for raising awareness, increasing knowledge and the potential for changing

individual behaviour and optimising operational systems during occupancy.

Teaching staff were one of the groups most involved at design stage who are able to bring

specialist pedagogical knowledge and experience applied to the methods, materials,

technologies and ethos of the building itself as a teaching and leaming resource utilising

sustainable features for sustainable education and behavioural change. The involvement

of students and volunteers at initial stages is indicated but to a much lesser extent and

tends to happen more with educational buildings in the formal sector such as schools and

colleges with progressive design teams and school management.

Confusion and lack of understanding about the design, purpose and function of a

sustainable building with educational aspirations can have knock-on effects throughout

the process of design, construction and operation. From the online survey responses It IS

clear that architects and engineers are perceived to have the highest level of

understanding of the purpose and function of the buildings, both achieving 100% in the

range 'understood most' to 'completely understood'. Arguably, this is because they are

closest to the design process and have the sustainable reputation of their own practices

and the sustainable legacy of the building in mind, though this is not always the case.

It is interesting to note that 'visible' sustainability was not the critical factor for at least one

of the case study buildings. The main design intent was to project a more professional

image which was deemed to be acceptable to corporate audiences and not to showcase

its sustainable credentials. In this way the building serves a more implicit sustainable and

pedagogical function which has shown to have a positive impact and suggests the

possibility of buildings with high sustainable credentials moving away from the

unconventional and entering the mainstream by a closer association with organisational

norms of behaviour.

336



A deeper appreciation of the aesthetics of sustainable buildings, away from what has

been identified as a trend toward aesthetic obsolescence, and a greater understanding of

the embodied energy, health and environmental benefits of sustainable materials, how

passive design systems work and the operation and environmental implications of

(renewable) energy systems through education also impact on behavioural change. This

requires a level of engagement and understanding by all stakeholders with a holistic view

of buildings, structure, operation and ultimately personal responsibility for our own well-

being and that of our environment.

Generally, the role of architects in projects is extremely variable and can range from highly

collaborative, engaged in the project throughout to sole actor detached from other

disciplines and stakeholders feeding the 'personality cult' surrounding leading architects.

Resulting from this study a strong argument is made in favour of architects as actors in a

network and that architecture should be a highly collaborative process defended by

Fallan's phrase that "architecture is not the work of architects" (Fallan 2008, p.90).

For the case study buildings each of the architects were selected for their strong

environmental design and build credentials or their stated desire to engage with the

sustainability agenda were seen as advocates for steering the sustainability agenda

among the design teams during the pre-construction phase. The engineers selected were

often specialists in sustainable technologies with expertise in using new and emerging

techniques.

By involving engineers at the outset a more integrated approach was achieved by

considering how the design could accommodate the technologies as opposed to adding

the technologies after the design process, commonly known as 'eco-bling' or 'architectural

greenwash' which has been the case with many less well thought-out contemporary

sustainable buildings. The project teams initially considered themselves to be working in

'a pioneering culture, I leading knowledge and understanding, but found themselves

changing the emphasis of the project remit from 'exemplar' to 'experimental' as the builds

progressed, due primarily to practical and organisational problems encountered. This

change in attitude, as unforeseen issues started to develop, speaks volumes about the

fortitude of the people who worked on the case study projects.

It was stated that every decision made had to balance sustainability features against the

opportunity costs of altemative and perhaps less sustainable choices. This process

helped to instil 'sustainability thinking' in design and procurement decisions.
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It may reasonably be concluded from the primary research findings reported in Chapters 6

and 7, and supported by the literature review in Chapter 4, that the use of an

environmental rating system can have a positive influence on the development of a

sustainable building and will, by definition, have a positive impact on the sustainable

practices of those involved in the design and construction process by fulfilling the

requirements of the sustainable categories in order to achieve the required rating. Other

building stakeholders might also benefit from knowledge of how the building fulfils the

sustainability criteria of the environmental rating system, as discussed in Chapter 3.

When asked about awareness of an environmental rating system for their building, a

significant number of respondents indicated 'don't know' answers. This is a fair indication

that there was a general lack of awareness of the use, or even existence, of

environmental rating systems among general building users. It also reflects the difficulty in

assessing and quantifying behavioural change as well as the performance of the building

by general building users.

From literature review presented earlier in this study (Chapters 2, 3 and 4) and from the

primary qualitative data gathered from the online survey in Chapter 6 and the interviews in

Chapter 7 that environmental rating systems do have a significant impact on the

sustainability of both the behaviour of project teams and the process of development with

impacts on the overall sustainability and environmental performance of the building. This

could be improved if the process was made more transparent and tangible for building

users.

In terms of behavioural change, those engaged with the environmental rating system were

encouraged to adopt resource efficient habits. This is a strong driver for behavioural

change and research by Bhamra (2009) supports this naming the mechanism as an 'eco-

steer' or 'eeo-spur. ' By adopting the environmental rating system the project is undergoing

a 'behavioural commitment' to achieve a desired environmental rating and there is

evidence that it is a powerful driving force in the consideration of wide-ranging

sustainable factors often applied to working practices. Through the requirement for an

environmental rating system operatives will have retained a proportion of this knowledge,

according to the learning pyramid (Section 3.6.3, Figure 3.11) of up to 75% and may well

apply them voluntarily in future projects. This would be a useful question to include in a

more longitudinal study. beyond the limitations of doctoral research to establish

environmental rating systems as longer term drivers for behavioural change.
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The adoption of BREEAM and other environmental rating systems generally encouraged

studies to be carried out to a greater level of detail than they would have otherwise been

e.g. life cycle costing and low and zero carbon feasibility studies and the relocation ot

windows for better visual amenity. This was highlighted by one comment from a

respondent: "BREEAMwas a driver to think creatively about the design of the building."

A number of respondents indicated that some elements of the building went far beyond

the requirements of the rating system and were not recognised e.g. limited credits for use

of 100% renewable energy. It was also stated that the rating system created incentives to

do things that may not be cost effective or meaningful.

The theoretical study of behaviour change mechanisms highlighted the 'mis-directed

attention effect' which when applied to the use of an environmental rating system, in the

context of a number of the case studies, showed a negative behavioural outcome from an

over-adherence to the requirements of the system with a number of respondents stating

that it was merely a "tick-box exercise.· This allowed important sustainability actions to be

over-looked, restricting the involvement of staff members in the rating process which was

identified from the WISE case study as an opportunity missed to raise awareness and

understanding of the building. From the interviews it was clear that staff were generally

unaware that the BREEAM rating system was being applied to the building and its

implications for its sustainability.

Most deficiencies in skills and knowledge were resolved in discussion with contractors

during the design and/or construction process but a number of respondents stated that

some were never resolved, often resulting in poor workmanship and unplanned remedial

work with additional time and cost implications as well as impacts on the energy efficiency

and performance of the building fabric itself (credibility gap) with repercussions on the

negative perceptions by some building users of the functionality and purpose of

sustainable buildings.

Communication difficulties around sustainability issues were identified between each of

the phases where the 'value-action gap' was particularly pronounced between developer

and architect, architect and contractor and architect and building users. When

communication about sustainability issues were discussed the problem of the 'language of

sustainabilifY was highlighted and a common language for sustainability, across

disciplines, was needed. This is an issue for education and training as highlighted in

Section 3.6 on buildings and pedagogy.
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In answer to the question 'To \Nhatextent could working practices have been improved at

pre-construction phase?' responses generally focussed on earlier involvement of key

stakeholders to 'diminish the learning curve' and 'smooth the construction and occupancy

processes.' It was suggested that the contractors' team could have a 'design-oriented'

member to alleviate design-to-practice barriers. Also, the allocation of a budget and time

allowance for pre-construction design meetings and more comprehensive briefing of tne

architect by the developer, enabling the formation of more detailed proposals and the use

of different contractors with a more proactive approach to innovative sustainable building

methods. From these responses it can be implied that communication between

disciplines, more integrative working practices and challenging of set ideas (habitual

norms) would have positive results on sustainability outcomes, in terms of the building and

behaviours of stakeholders during the design phase.

8.4 Constructors and behavioural change
The transition from design to construction phase is critical for any construction project,

arguably more so, when aiming to achieve high sustainability standards using unknown

and often untested materials, methods and technologies. The attitudes, beliefs and

behaviours of individuals and organisations in response to these challenges is key to

success and highly dependent on understanding, knowledge, communication, willingness

to change or adapt working practices and to undertake additional training.

Cost and time constraints were cited as major barriers to providing instruction and

training, supported by findings from behavioural psychology, termed 'behavioural costs.

There was also strong evidence from case study analysis of embedded resistance to

change as a result of individual and organisational norms of behaviour. From the interview

data analysis it was revealed that certain prevailing attitudes exist about sustainable

buildings being problematic during construction, largely due to innovation and

experimentation on-site, leading to additional costs, time and effort, already identified as

'behavioural costs, 'which tend to present significant barriers to behavioural change. This

was powerfully demonstrated by the experiences of mainstream contractors working with

a rammed earth system (Figure 5.4).

Significant changes in attitude and behaviour were indicated where the respondents had

previously only been involved in 'mainstream' development and construction projects

where sustainability was not at, or near, the top of the agenda. Working on the case study

buildings and being faced with altemative approaches, learning curve was at its. At this

point of 'unfreezing' norms of behaviour and entering the 'change' phase it is important to

consolidate and reassess behaviours in order to clarify reasons for sustainable behaviours
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and the value of change, so that behaviours do not revert back to less sustainable norms

of behaviour. This process was evident for a number of the case study buildings with

evidence of both positive sustainable behaviour change, implying a move toward more

long-term sustainable practices in the case of the CORE building and negative

experiences where behaviour change reverted back to unsustainable practices in the case

of the WISE building, citing a lack of supervision and on-site training.

The overall view of the contractors was that innovation on-site does not work well.

However, research suggests that leaming by trial and error, observing how others behave

and modelling our behaviour on what we see around us provides more effective and more

promising avenues for changing behaviours than information and awareness campaigns.

Sourcing unfamiliar materials took more time and resulted in unexpected cost

implications.

Comments from the construction phase interviews highlighted the need for builders to

leam from one another's mistakes and successes must be emphasised so that "the entire

industry can start to gain from these experiences." It was also noted that people have a

tendency to focus on the negatives of previous projects as a reason not to continue with a

new or experimental sustainable material, method or technology.

This demonstrates elements of 'self-serving denial' (the denial of our ability to perform

sustainably), the 'contribution ethic' (that we have tried, failed or done our fair share and

there is no need to do more) and 'unsustainable habit reinforcement' (confirmation our

own prejudices and attitudes to environmental problems) resulting in an incomplete

process of behavioural change where there is a reversion back to unsustainable norms of

behaviour. This is because at the critical point of change there is a lack of positive

reassessment and realisation that this is a process of change.

This requires immediate clarification by a sustainability advocate, someone who has made

a conscious effort to change behavioural practices (Gestalt or Eco-psychological

behaviour). This was clearly demonstrated by the failure of the rammed earth wall at the

WISE building. This sentiment was corroborated by several interviewees and highlights

the need to overcome such barriers.

It was stated that delegates from built environment organisations attending conferences

and seminars at some of the buildings underwent awareness raising and were inspired,

with the potential to change not only their own individual attitudes and behaviour but their
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professional and organisational behaviour applied to on-site practices. dependent on their

standing and influencewithin their organisation.

It was cited that the use of sustainable materials, technologies and methods on site were

not technically difficult but required some training and skills enhancement which would

have benefitted the project in terms of quality, performance and durability of the buildings

and engendered greater 'sustainable thinking' (an 'eco-psychological state' according to

behavioural change theory) by the contractors which would have saved time, money and

effort (behavioural costs) from the outset.

These results are supported by findings from literature review and in particular the field of

Norm Activation Model (NAM) as discussed in Chapter 3 which essentially states that

awareness and belief in the positive consequences of sustainable behaviour are least

effective when behavioural costs (time, money and effort) are high. Findings from case

study investigations and existing literature show that the construction industry is 'habitually

strong' and considerable barriers to behavioural change exist in the construction industry.

Applying 'habit deconstruction' methods to the construction industry can shift these strong

habits, as highlighted in Chapter 3, particularly when they target points where habits are

most likely to shift, during education. training or re-organisation. This was evident

throughout the case study findings, highlighted by the change in perceptions and use of

certain materials. for example, the increased health and environmental benefits of

switching to low vec paints and finishes. As highlighted in the theoretical study,

strategies for habit deconstruction are most effective when they are goal-oriented.

successful activities are repeated, they are mediated by cognitive processes and the

situation is associated with behaviour.

Construction phase initiatives that attempted to deconstruct habits and promote

sustainable behaviour across the case study projects included preparatory meetings and

regular site meetings with sub-contractors and a slide show for construction workers with

an opportunity for questions and answer and discussion session. This supports previous

research findings that linking education, sustainability and construction practices is critical

at this stage in the development process for embedding sustainable behaviour. The

interviews revealed that one of the most valuable construction phase activities. affecting

attitudes and understanding about sustainable practices, was staff, students and visitors

being shown around the site (Figure 5.9) and in some cases experimenting with

sustainable materials, methods and technologies (Figure 5.15). true experiential learning.
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Several respondents cited the 'macho culture' of the construction industry as a significant

barrier to the adoption of sustainable on-site practices where it was often perceived as

socially taboo among the peer group (the cultural norm) to engage with sustainability

issues. This indicates a clear need to tackle the embedded culture of some elements of

the building industry.

Most interviewees in each of the projects at design and construction stages cited the need

or desire for more time in order to fully achieve sustainable aims and objectives. Another

recurring theme was the desire for more training. Many groups found that they could only

train the onsite workers to a limited degree and that the contractor needed to take a more

proactive role in training their staff. Several sites found that while the top level officials in

an organisation understood the principles behind the sustainable construction methods,

many of the actual site workers and their managers did not.

The age of site workers was cited as a factor in sustainability and behavioural issues.

Younger workers were less engaged with the sustainability agenda. which had not been

reflected in their mainstream training or work experiences. Older workers were viewed as

having a better understanding and appreciation of resource efficiency and waste issues.

They did not necessarily relate this directly to sustainability. which was not fully

understood as a project aim, but more to good on-site practice.

Psychological barriers identified in the literature review and presented in Chapter 3

indicate that individual contributions to collective problems are often seen as futile. widely

known as the 'commons dilemma' where individual or organisational needs are pitted

against the needs of the wider community. In order to act sustainably individuals and

organisations perceive that economic benefits need to be sacrificed for environmental

gain. Here, there are also elements of self-serving denial in the disregarding of

environmental problems, discounting liability, denial of ability to perform sustainablyand

that small scale actions are ineffectual in tackling large scale problems.

In an unregulated. free-market economy. identified in Chapter 2 as 'indifferent capita/ism'

this is often the case where success is based only on financial performance and

responsibility is only to shareholders in a globalised, highly mobile market, attempting to

achieve maximum growth. with short-term investment horizons where social, moral and

environmental costs and benefits are extemalised and de-coupled from economic growth

and are therefore un-priced.

343



A shift to responsible capitalism or 'capita/ism with a difference' is highlighted in Chapter 2

where commercial liberty is more balanced with moral sympathy, social and

environmental metries are included with financial performance, business is answerable to

a broader range of people such as employees and community, and is characterised by

self-sustaining local communities within internationalised boundaries, optimal growtn,

place-centric with a greater focus longer term value. This theoretical view is strongly

supported by findings from the case studies where the WISE building contracting

organisation were subject to a buy-out by a venture capitalist mid-project.

This significantly shifted the business model from a family run organisation with good

sustainability credentials and a long-term view of the commercial benefits of a more

socially and environmentally aware approach to a model that reflected the view that

protection of the environment is contradictory to economic interests. As a result the lack of

awareness and belief in the positive consequences of sustainable behaviour resulted in

the perception that the behavioural costs of time, money and effort to achieve greater

sustainability were too high.

Whereas, the literature review and primary case study research shows that financial

benefits from adopting sustainable behaviours can result in capital cost savings, reduced

running costs, increased investment returns, increased productivity, staff recruitment and

retention, more efficient resource use and improved marketing and corporate image. The

other case studies each showed an awareness and belief in the positive consequences of

sustainable behaviour more in line with the 'capitalism with a difference' model; the DACE

project with its environmental and social agenda, the strong pedagogical aspirations of the

Genesis project and the moral and ethical beliefs of the Sidwell project team.

In order to establish participatory working practices the online survey asked which groups

participated in the construction phase for each of the five case studies illustrating the level

of involvement of certain identified key groups including community groups, students,

volunteers, facilities managers, sustainability consultants and teaching staff. Involving

these groups, in construction projects was highlighted as a key teaching and learning

opportunity with the potential to not only change their own sustainable attitudes and

behaviours but also those of the operational teams and the overall sustainability and

pedagogical efficacy of the buildings during occupation. The groups highlighted as being

involved the most were facilities managers and teaching staff.

The pedagogical and sustainability functions and purpose of the buildings offer significant

potential for this to occur. Theoretical study revealed that the active involvement of end-
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users can be a meaningful and more democratic approach to the design and construction

process. Macnaghten (2001) asserts that the greater the involvement of end-users in the

construction and preservation of the built environment the more likely they are to care for

the wider environment, or in other words, increased sustainable behaviour.

Questions in the survey sought to elicit perceived behavioural and attitudinal changes

towards sustainability during the construction phase based on a number of sustainability

categories. 'Recycling and waste,' 'materials,' 'water use' and 'management' showed the

highest perceived impact for driving attitudinal and behavioural change. The highest

frequency of positive responses showed 'energy use' receiving the highest response rate,

followed by 'materials' and 'indoor environmental quality,' then 'recycling and waste,'

'water use' and 'land use.' Neutral responses (those that scored zero) to this question

were most numerous across each of the categories with the exception of 'materials'.

Responses that showed greatest negative impact on attitudes and/or behaviours were in

the categories 'materials,' 'water use' and 'indoor environmental quality' with

'transportation and materials' the lowest. It can be concluded from this that different

experiences result in different perceptions and attitudes to sustainable features,

particularly at construction stage where often untried and untested materials are more

likely to result in suboptimal performance requiring reassessment of methods and

practices.

Revealingly, 23 of the 29 respondents chose to skip the question related to the attitudinal

and behavioural impacts of these buildings' sustainable features during the construction

stage showing a general lack of willingness or ability to consider this question within the

limits of the online survey. This was a complex question for respondents to consider within

a questionnaire-based survey. It indicated under which categories of sustainability most or

least change had taken place across the five case studies, but did not el icit what caused

the change. The question could have asked for more explicit answers to what caused the

change but it was felt this type of question better lent itself to the more qualitative

methodology used during the face-to-face interviews, as presented in Chapter 7.

It was found that the construction phase is highly influential in how the design solutions

are interpreted to on-site practices with significant implications for performance in use and

that a more integrative approach can encourage sustainable behaviours. Different

contractual arrangements share risk and rewards and have proved to be less adversarial,

demonstrated by the successes of the partnering contract used by the WISE project team,

reported in Chapter 7.

345



Their procurement policy was shown to have a significant effect on the sustainability of

projects in terms of the carbon intensity and scarcity of products and materials and

requirements for more sustainable processes were included in their tender documents

with behavioural commitments for water efficiency, the recording of energy and fuel use

and waste reduction. WISE was exemplary in its collection and analysis of such data, to

inform future projects, for educational purposes and wider dissemination.

8.5 Building users and behavioural change
Many of the respondents to the case study research felt that there was not much personal

change in their own behaviours or attitudes because they were already sufficiently

informed about sustainability issues and act accordingly. This belief can be attributed to

the 'contribution ethic' from behavioural change theory which in essence states that we

can feel we have done our fair share and there is no need to do more, whereas further

investigation revealed that in many instances the respondents own lifestyles could

achieve greater sustainability by not using a car or by investing in renewable energy for

their homes. Many did however admit that their knowledge of materials and willingness to

use new materials grew from experiencing the project builds (Figure 5.9).

Many interviewees noted that even with a building that is explicitly sustainable they saw a

lack of change in people's behaviour within and around the building. People still did not

tum off lights or recycle as much as envisaged, considering the deeply embedded

sustainable credentials of their surroundings. One interviewee highlighted that a

sustainable building does not, by default, encourage people to behave in a sustainable

way but can provide the setting for increased sustainable behaviour, given sufficient 'eco-

information' through sustainability training and education, 'eco-choice' (Figure 5.32) with

the option to select sustainable products and services, 'eec-feedback' showing users what

they are doing with sustainability implications of their actions (Figure 5.36) and with

reminders to act sustainably (Figure 5.86) and eco-technology which ensures behavioural

change can take place by providing the hardware that enables change (Figure 5.79).

A general lack of interest in how buildings are managed is a factor in how users respond

to their buildings. A greater awareness of resource use and performance and the impact

of user behaviour was highlighted as an area which might change perceptions and future

behaviour with a positive environmental impact.

One of the key research objectives of this study is to discover the behavioural factors

involved in the identified 'credibility gap,' that is the discrepancy between aspirations of

designed performance and the actual performance of a building. Occupant behaviour was
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found to be a key determinant of building performance which is often invisible to the end

user. Users are commonly assumed to be passive recipients of buildings and indoor

conditions whereas it can often be cheaper and more effective to involve and engage

people in the management and operation of the building as it was found that the greatest

costs throughout the lifecycle of buildings are incurred through occupancy.

This strategy can also motivate and retain employees as they become aware of the

environmental, economic and social benefits. From interview data analysis a critical

knowledge deficit at handover was identified, supported by findings from literature review.

It was recognised that staff and other building users need time to assimilate and

acclimatise to a new built environment and to experience the variability in comfort

conditions and associated control mechanisms throughout each season, at least. It was

stated from numerous respondents that guidance should be in non-technical easy to

understand language, in written form (for reference and accessibility) and training should

be rolled-out in stages to prevent information overload. This should be an iterative

leaming process at seasonal intervals and as stated by one respondent "any new building

takes a year to understand and perhaps a sustainable building takes even longer."

The literature review highlights the tension between technology and occupant control in

achieving optimal performance of the building. We are increasingly experiencing a shift to

more complex control systems (Figure 5.43) with design responsibility moving from

architects to engineers and control responsibility from occupants to relatively untested

'intelligent' technologies that promise intelligent or smart buildings, removing the need for

user control. This was convincingly demonstrated for one of the case studies where

movement sensors for lighting were incorrectly located so that users of toilet cubicles

were not detected by the sensors resulting in them "sh****ng in the dark."

Leamann and Bordass (2001) suggest that we are seduced by the promise of

technological solutions that often operate at sub-optimal levels, not least because human

behaviour is counter-intuitive, irrational and unpredictable when faced with purely

technical solutions and poor design is mistakenly based on predictions of behaviour.

Examples of observed irrational or contradictory behaviour from the case studies where

members of staff were fully aware of energy efficiency issues included having windows

open whilst the heating was on.

Literature review revealed that when building users are removed from control

responsibility, by relinquishing control to managers, or are faced with unmanageable

complexity of control systems, all systems tend to default to 'ON' leading to the least
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efficient state where systems fight each other and occupants are unhappy, uncomfortable

and/or unproductive. An example of this was observed in one of the case study buildings

when, during the day lights were on whilst blinds were pulled down.

Other observed behaviours included residential course participants circumventing the

passive ventilation system by opening windows in the shower cubicle to alleviate the build

up of steam, which resulted in the system operating sub-optimally which in tum resulted in

the windows being nailed shut by the building operators during the winter. This is a good

illustration of users wanting to control their own comfort conditions but being thwarted by

well-intentioned but over complex systems. If the system had been explained to residents,

this may have resulted in its optimal performance with more sustainable behavioural

outcomes.

It is clear from observed behaviours through the case studies and secondary research

findings that it is the role of building designers to support intelligent patterns of behaviour

of the occupants themselves with appropriate and clearly understood systems. From the

surveys it is clear that users appreciate being able to see and feel the effect of their

operation of systems. Users instinctively adapt to their environment and prefer to control it

themselves and it was found that from a users' point of view the best buildings in terms of

operation and performance are those that respond quickly to their adjustments and offer

tangible feedback. Under-floor heating was used in a number of the case study buildings

(Figure 5.28) as it offers energy efficiency and greater thermal comfort but its operation

was generany not understood by the building users, being slow to respond to adjustments

and users reverted to familiar behaviours for traditional gas-fired heating systems by

turning the system up to full capacity when it did not respond immediately. Here,

education, training and experientialleaming is key, as discussed in section 8.8 below.

Across each of the five case studies the surveys showed convincing evidence that the

design aims and objectives were achieved in terms of the 'triple bottom line' of

sustainability, namely social, economic and envlronmentalcriteria with a high proportion of

respondents believing that the environmental objectives were achieved. Not unsurprising,

as this was a key driver for the development of each of the case study buildings.

Greater 'eco-feedback' for both the behaviour of occupants and the performance of

buildings has been shown to have positive effects and serves to link building users to

performance criteria, particularly in relation to financial savings. Although building users

and visitors tend not to be responsible for running costs it would increase their level of

awareness and arguably impact on their behaviour as responsible building users. Post-
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occupancy training was raised as a significant issue, due to the general reliance on oral

training of individuals, a lot of the building management information was lost as it moved

on with changes in staff and the building's performance-in-use suffered accordingly.

One of the main discoveries, from overall research findings, is that the level of personal

user control over heating, cooling, lighting and ventilation systems has a significant impact

on actual and perceived health and well-being, comfort levels and individual

empowerment as an influential actor in the operation of the building. The findings from the

primary and secondary research show this to be a critical factor in the process and

performance of the day-to-day running of the building.

The opposing view is that 'intelligent buildings' remove individual control in favour of

automatic regulation of building systems. It was found that lack of user control can lead to

disempowerment and a heightened sense of dissatisfaction within a narrower range of

comfort conditions. Another issue that arose was the significant and consistent failure of

building management systems (BMS) to operate at optimal performance either through

technical issues, such as poor installation or system failure or operational issues because

of over-complexity (Figure 5.43) or lack of training in their usage.

As highlighted from literature review (Janda 2011) and from the primary research findings,

there is often a significant gap between predicted performance at design stage and actual

performance-in-use (credibility gap). The perceptions about the performance of the

building by users and operators are important in relation to the original design intent in

terms of how individuals interact with the building and its ongoing operational systems. If

users perceive the building as wasteful in terms of resource use they are less likely to

attempt to behave sustalnabty, regarding their own individual actions as futile. Even when

there is an intention to act prudently. such as to invest in energy efficient technology, the

resultant fall in energy bills. because of improved building performance. can lead to

increased consumption as an unintended consequence. identified from literature review

as the 'rebound effect. '

However, there are numerous exceptions across a wide variety of building typologies and

variances in sustainable behaviour where a building can perform well in sub-optimal

situations. For example, some poorly insulated buildings can have a low environmental

impact through prudent user behaviour, such as simply putting on extra layers of clothing

or a highly insulated building may offset poor user-behaviour by eliminating the need for

heating.
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8.6 Strategies for behavioural change

The respondents perceptions of the drivers for the production of the case study building's,

as indicated by responses to the post-construction element of the interview survey,

strongly reflects the triple bottom line of sustainability, showing strong awareness that the

projects were driven relatively evenly by economic, social and environmental criteria.

These were established by the 2005 World Summit of the United Nations (and identified

throughout this thesis) as critical factors for approaching a balanced progression towards

sustainable development and behaviour change reflected in the design, construction and

operation of these buildings.

In some cases consequent strategies, encouraging change after the targeted behaviour,

were incorporated such as eeo-feedback of carbon savings as a result of the intervention

of eco-technologies (Figure 5.79). For building occupiers focussed behavioural

expectations and goals (behavioural commitment) were encouraged, with rewards if

energy savings were achieved for each department. The Eden project's 'Every One, Every

Watt' campaign extends the energy policy to every member of staff, encouraging them to

get involved in reducing as many watts of power as possible at work and at home,

illustrating how the organisation can engage in sustainable behaviour with individuals

fostering a culture of collective behaviour, tackling the identified perceptions that individual

actions are futile in the face of environmental problems. Working in peer groups and

sharing learning is a proven strategy for bringing about greater behavioural change.

Across the five case studies it has been shown that staff can have a significant impact on

sustainability if they are engaged and informed about the buildings operation and in

particular energy use in and around their buildings, with the opportunity to bridge the

credibility gap between design aspirations and performance in-use.

It was shown that site inductions, 'too/box talks' and training of suo-contractors,

representing a combination of behaviour change strategies; 'eee-information,' 'eee-

choice, • 'eco-spur' and 'eeo-edueation,' encourage the sharing of the learning experience.

This is strongly supported by behaviour change work by Global Action Plan, a leading

behavioural change charity, which advocates facilitated peer group working (Figure 5.14).

This encourages participants to challenge existing strongly held habits in a supportive

environment and make new connections between their own familiar working or lifestyle

practices (norms of behaviour) and sustainability issues and embed positive sustainability

experiences in others. In theory, this ultimately results in long term behavioural change,

illustrating key elements in the behavioural change process from Lewin's model (1947) of
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'habit deconstruction' or 'unfreezing' challenging barriers that inhibit change followed by

'change' when altematives are considered, then reinforcement of the new procedures or

're-freezing. I

Communications in the form of 'eeo-information' should be tailored to the specific needs of

the individual participant or to the organisation (generic resources have a lesser impact) in

a localised and relevant way and should be positive and practical (Figures 5.31 and 5.49).

Facilitators should avoid criticism of opinions or actions and therefore guilt about existing

unsustainable behaviour but should instead foster positive feelings that participants are

going through a process which will help them make changes (eco-psychological

transformation). By measuring and experiencing 'eeo-feedback' at first hand (Figure 5.36)

the environmental impacts of behaviours are easily understood and act as a continual

source of motivation which fosters a sense of making a difference alongside other

members of their team or peer group. Collaborative and integrative working is a key factor

in behaviour change.

It is important to recognise that this is a process that requires continued suppo rt over time

in order to ensure not only that change occurs, but behaviour changes are likely to

endure. The Freudian theory of behaviour change emphasises the sense of self in relation

to the environment and changes in behaviour that affect progress toward sustainability

can also affect how people view themselves and their organisations. When people engage

in actions that reduce CO2 emissions they are likely to see themselves as the type of

person who cares about climate change based on their engagement with the behaviour.

These changes in how they perceive themselves can significantly affect their support for

process and policy changes.

However, the Norm Activation Model (NAM) of behavioural change highlights that the

awareness and belief in positive consequences of sustainable behaviour are most

effective for low behavioural costs (time, money and effort). These were cited by site

managers as key barriers to on-site training of operatives and therefore represented high

behavioural costs and tended to result in negative perceptions of the consequences of

sustainable behaviour. From literature review and existing research (UKGBC 2009) it was

discovered that the traditional approaches to sustainable skills development in the UK

construction industry are poorly structured, inconsistent, perceived with scepticism by the

industry and use a vertical methodology where the same disciplines teach each other e.g.

architects train architects etc. This mono-disciplinary approach has proved to be

ineffectual in achieving significant behavioural change for the wider industry.
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The case studies demonstrate that traditional construction materials and methods can

work in harmony with innovative modem materials and techniques to create resource

efficient, 'climate-proofed' contemporary buildings and that behavioural change theory

recognises that change happens when it is relatively easy and convenient to assimilate

that change, demonstrated by the integration of 'natural' materials into mainstream new-

build projects and the integration of energy efficiency measures into traditional buildings.

A number of the case study projects struggled with finding suitable measures of strength

and quality for many new or innovative sustainable materials, illustrated by the experience

with the WISE building rammed earth wall. There appears to be a gap in the British

Standards which many of the projects had to deal with as they arose highlighting a need

for further consolidation of standards and guidelines for sustainable materials. This could

have a significant impact on the increased use of sustainable materials in the mainstream

construction industry representing 'eco-choice'.

Evidence from interview data analysis shows that contractors perceptions of some

sustainable materials had changed through direct experiential learning leading to a stated

change in future behaviour to the use of more sustainable materials, such as low

environmental impact paints and finishes. One respondent stated that "the lesson is you

don't have to have expensive materials for them to look modem and interesting and still

achieve high levels of sustalnabllity." This comment reinforces the role a building can play

in raising awareness of sustainability whilst dispelling certain prejudices about sustainable

buildings which challenges 'norms of acceptance' and has a 'cognitive' influence in

completing missing or imperfect information. This creates behavioural change

opportunities by making explicit what is feasible and instils attitudes and perceptions that

show it is not so difficult or inconvenient to act or change behaviour to achieve more

sustainable outcomes.

Conversely, negative experiences correlated with stated rejections of certain practices

that impacted the building schedule and can be seen as a justification for off-site training,

away from the working environment, which is often seen as sacrosanct in the building

industry. This allows learning to take place in a more psychologically safe environment

where mistakes can be made without incurring high behavioural costs for the project in

terms of time, money and effort. This also serves to increase positive perceptions once

the learning has taken place. Observations and responses from site workers indicated that

on site innovation does not work well and acts against the likelihood of behaviour change.

It was noted that natural materials are inherently degradable, when compared to man-

made materials despite them having greater sustainability in terms of recyclability,

352



embodied energy and low toxicity. It was stated that there needs to be a change in

behaviour and attitudes in how we build and maintain sustainable buildings according to

the materials and techniques used. Many sustainable materials require better

workmanship and detailing. As one interviewee put it "If the building is loved (a psycho-

emotional connection) it will be maintained resulting in longevity, durability and greater

sustainability.•

It was widely acknowledged from findings from the online survey, interviews and

supported by the literature review that traditional, well-established and well-understood

construction methods that also have sustainable benefits (given the current low level of

sustainability skills in the construction industry) tend to work best. These include timber

framing (Figure 5.3) or using sustainable materials in a traditional way until more

sustainable practices become the norm. The findings have shown that some skills can

cross-over trades and skill sets such as the timber structures erected by steel erectors

and the hemp-lime mix applied using existing concrete sprayers (Figure 5.5).

Behavioural change theory, as discussed in Chapter 3, shows that ease and convenience

of assimilation between traditional methods, materials and technologies with sustainable

options is a reliable way to bring about behavioural change to bridge what has been

variously referred to as the 'value-action gap', the 'intention-behaviour gap' or the

'credibility gap.' This acknowledges the schism, real or perceived, between a desire for

sustainability and actually achieving it. Bigger challenges arise when actions or

behaviours are seen to be outside the realms of 'norms of acceptance, J whether they be

social norms in terms of going against conventional wisdom or obligation, technical norms

in terms of orthodox approaches to labour and materials, regulatory norms, in terms of

laws, rules and standards and cognitive norms, in terms of prevailing cultural beliefs or

where missing or imperfect information prevents action.

Each of the buildings offer 'eco-information' on sustainable construction materials

methods and technologies (Figure 5.86) and give the opportunity to view and experience

high quality buildings which have been constructed using sustainable methods. They

enable the exploration, explanation and evaluation of cutting edge thinking in sustainable

construction by introducing the use of sustainable practices and materials into the

mainstream construction industry. Some of the projects have strong links with the

construction industry and built environment professionals can visit for new and innovative

ideas, to find out how sustainable construction works in practice.
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This is important in challenging behavioural norms and the buildings can operate on a

cognitive level by filling in missing or imperfect information, acting as an 'eco-sput' by

encouraging practitioners to adopt resource efficient working practices embedded in the

building and experiencing 'eco-technology that ensures behavioural change can take

place by providing the hardware to enable change. Habit deconstruction can then begin to

take place by challenging barriers that inhibit change (un-freezing), considering and

adopting alternatives (behavioural change) and set in place new procedures to prevent

reverting back to old habits (re-freezing).

A whole-building approach moves away from linear working relationships and encourages

a greater sustainability literacy to develop and challenge the conventional knowledge base

(norms of behaviour). Sustainability requires the reconfiguring of standard operating

procedures and was shown, particularly during the construction phase, to invite

considerable resistance across the five case study buildings. The organisational and

institutional resistance was shown to be driven largely by social influencers such as

conventional wisdom, uncertainty of policy and regulation and technological constraints

such as raw materials, labour and energy which are difficult to quantify beyond capital

costs and it was found that lifecycle and payback are rarely factored-in, as a result Mono-

disciplinary working practices resulted in abortive work and project inefficiencies and a

general lack of awareness of other disciplines concerns, exemplified by the failure of the

rammed-earth wall on the WISE structure resulting from a resistance to engage with

specialists.

Research from this study (see Section 2.6) has shown that directly relating environmental

performance to financial costs can have an impact on increased sustainable behaviour.

One suggestion elicited from the interview data analysis was to charge building users and

visitors for the resources used during their occupancy. This would serve as a tangible and

direct personal experience of their economic and environmental impact with the potential

for behavioural change.

The function and ethos behind the organisations can be reflected through the buildings

themselves with both educational and environmental aims influencing the behaviour of

users and visitors. The users of the buildings are more likely to have had input at design

stage under these criteria and therefore the design intent is more likely to be realised,

reducing the value-action gap.

A significant impact of the buildings beyond the site itself was to change embedded

(norm-centred) organisational behaviours, such as the procurement of the copper roofing
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system for The Core building (Figure 5.39). This led to certified and sustainably sourced

copper products being more easily and readily available for the global construction

industry, illustrating significant sustainable innovation and organisational behavioural

change, as a result of direct experience with an exemplar sustainable building system.

The process makes it easier and more convenient for the industry to adopt this 'eco-

choice', recognised in behaviour change theory as two key factors in enabling behaviour

change.

Generally, respondents to the on-line and interview surveys showed an overwhelmingly

positive attitude when asked about sustainable features of the buildings, particularly

related to the overall sustainability of the architectural design, energy and water use

followed by recycling and waste, transportation and indoor environmental quality.

Changes in attitude and behaviour towards the sustainability of materials was positive but

with some negative connotations. This could largely be explained by the use of innovative

construction methods related to sustainable materials that were either not understood,

poorly communicated or there was considerable scepticism about their use through lack of

experience or pre-existing prejudices.

This proved to be the case for some of the projects where innovative materials and related

construction methods failed because of poor on-site practices and at post-construction

stage did not perform as expected. An observed example of this was the rammed earth

walling for the rotunda lecture theatre (Figure 5.4) as part of the WISE complex, a

signature feature which has shown favourable responses in terms of aesthetics and

sustainability but poor responses in terms of 'buildability' from the contractors and poor

acoustics from users of the lecture theatre.

This research has found that involvement of all key stakeholders throughout the design,

construction, operation and use of buildings is recommended through an integrative, multi-

disciplinary approach in order to ultimately establish a holistic understanding and

awareness of the buildings in occupation. There is a strong correlation between

sustainable behaviour in-use and the buildings environmental credentials for optimising

the overall performance of a building, and therefore a powerful argument for the

participation of building users and operators at design and construction phases.

Across all the buildings investigated for case study from the online survey the use of

sustainable materials has performed best as a key feature encouraging sustainable

behaviour, with a significant pedagogical impact on students and visitors, followed by

energy efficiency, renewable energy and environmental management. This correlates well
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with previous findings that show these factors to be readily incorporated into sustainable

buildings and used as teaching resources whilst the lowest scores from the responses

show features that are harder to communicate via the building itself. such as sustainable

transport, biodiversity and water conservation which tend to be either related to the

geographical location or reliant on infrastructure. Some of the less tangible criteria such as

health and well-being and pollution do score quite highly and this is reflected in some of

the textual responses for this question.

Some of the most successful measures found to have the greatest psychological,

physiological and pedagogical impacts resulting from literature review and supported by

findings in this research and discussed throughout this thesis are the incorporation of

natural day lighting (Figures 5.11 and 5.12) which has been shown to improve cognitive

function in educational establishments and productivity in the workplace and the use of

natural materials which create healthier indoor environments, have low environmental

impact and serve a strong aesthetic function.

Providing building performance feedback also rated highly serving to raise awareness of

the impacts of user behaviour in relation to the environment. An appreciation of the

influence of nature in the design, construction and operation of the buildings (biomim icry)

also had a strong psycho-emotional and physiological impact (Figures 5.52 and 5.60).

Biomimicry can create innovative, efficient and environmental architectural solutions,

making sustainable features accessible and visible to users along with clear and concise

explanation and interpretation giving opportunities for individual and group experiential

learning, shown to have a relatively high cognitive impact compared to other behavioural

change strategies.

When asked 'In your opinion what key features of this building have had the greatest

impact (positive or negative) in terms of environmental awareness and sustainable

behaviour?' the key responses included that the buildings were more 'natural and not

mechanical' reflecting the philosophical and theoretical discussion in Chapter 2 around

intelligent buildings versus interactive buildings; 'information provision and transparency of

methods, technologies, structure and materials' reflecting the pedagogical efficacy of the

buildings; 'promotes the association of eco-design with thoughtful and goOd, modem

design. Eco does not mean bad design' reflecting the aesthetic principles discussed in

Chapter 1; 'the combination of sustainable features, working together' showing how

congruency helps people order information and develop new norms of acceptance;

'positive experience that people wish to replicate.' Positive experiences help to reinforce

new norms of behaviour that can then be repeated and 'the environmentally sensitive use
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of materials' again makes the sustainable methods, materials and technologies more

tangible and adoptable. The most negative experiences were related to 'proximity and car

reliance' which can reinforce perceptions that sustainable buildings are remote, purely

rural ventures.

When asked 'do you feel there is anything that could be done differently at post-

construction stage to increase the level of sustainable behaviour of the occupants of the

building? key responses included; 'transparency,' again reinforcing the need for the

buildings to be open, accessible, intelligible and coherent; '5-10 minute explanatory tour of

the building for all visitors, ,a cognitive strategy filling in missing information, 'more access

to the building generally, services, specifically,' for educational purposes 'more feedback, '

showing a need to understand the impact of behaviour and user guidance for visitors.

One survey question elicited responses as to whether any building user guidance had

been provided in relation to the sustainable and efficient operation of the buildings in oreler

to establish what has become known as the 'soft landings' approach, as discussed in

Chapter 4. This encourages the design and construction professionals to engage more

with the operation and use of the building, particularly in the early post-construction

phase, with operational information and guidance in order to optimise the environmental

performance of the building as well as the awareness and sustainable behaviour of the

occupants, including staff, students and visitors.

Generally, from the responses given it can be concluded that user guidance and training

is considered highly relevant, when it is provided but can be sporadic and in some cases

confusing. It is clear that early intervention is critical in establishing beneficial habitual

behaviour that has implications for long term performance of buildings and sustainable

actions of occupants. In terms of using the building as an educational resource,

knowledge and understanding of the sustainable features of a building is critical, in order

to develop teaching and leaming activities based on those features.

If only certain stakeholders are considered for training in the use and operation of a

building e.g. facilities managers, engineers and caretakers, whilst others are not, it may

reasonably be argued that the majority of occupants may not be using or operating the

building to its optimum performance level in terms of technical functions related to heating,

cooling, lighting, ventilation, equipment etc. but also in terms of the pedagogical

opportunities for using the building as a teaching and learning resource.

Generally, it was found that there is a lack of culture of leaming from buildings in use,

highlighted by findings from the case study buildings of minimal focus on post-occupancy
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performance, despite their sustainability and pedagogical credentials. Literature review

shows that there is a significant need to assess buildings during occupancy. Post-

occupancy evaluation of buildings has the potential to focus the minds of designers and

contractors at the beginning of the project considering both technical and behavioural

factors in the performance of a building, particularly in response to user needs, adaptation

and design quality, creating a virtuous circle of improvement.

Post-occupancy data can help find solutions to the performance gap and can be used as

a behavioural tool to provide performance data to building occupants and users, so long

as this is done in a user-friendly way. Traditionally user interfaces have been difficult to

use but digital media, photo realism and the use of "apps' has made interaction much

easier and is a field of continuing development.

Negative experiences outside social norms of accepted behaviour (conventional wisdom)

in working practices can have unconstructive consequences for the learning process and

behaviour change, reinforcing prejudices against new methods, materials or technologies.

Barriers can be 'cognitive' in terms of missing information and 'behavioural' in terms of

obstructing sustainable actions by making choices difficult and inconvenient. This

research has shown that psycho-emotional blocks and barriers can be overcome through

training and 'learning by doing', awareness raising and a degree of compulsion through

regulatory and statutory requirements to both motivate and reinforce sustainable

behaviours, as discussed in Chapters 3 and 4.

One of the interviewees stated that, "there has been a slow and incremental change in the

people who are touched by the building towards environmental behaviour, immediate

conversions (to sustainable behaviour) are not expected or achievable. D This is supported

by the work of Global Action Plan whose behavioural change strategies recognise the

need for incremental change over time.

8.7 Other stakeholders and behavioural change
The online survey clearly shows that attitudes vary considerably between stakeholder

roles in their willingness to engage in the consideration of a buildings impact on personal

behaviour. The relative psychological and time-related distancing of design teams from

the use and operation of a building is recognised as a key barrier to sustainable buildings

in achieving both technical and behavioural sustainability goals, known widely as the

'credibility gap' and is supported by the 'soft landings' approach developed by Leaman

and Bordass (2001), as discussed in Chapter 4, which proposes greater responsibility of

design and construction teams for the performance and operation of their buildings
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requiring the identification of behavioural goals and a behavioural commitment to

achieving them.

The word cloud in Chapter 6 (Figure 6.2) quantifies the perceptions of the building by the

respondents overall which show that 'light' and 'airy' have a significant number of

responses at 12% and 4.7% respectively. This corresponds well with recognised research

and is supported by the findings from the extensive literature review into day lighting and

natural ventilation as two of the key attributes of sustainable buildings with both

physiological and psychological implications for users, as discussed in Chapter 3 and

illustrated in Chapter 5 (Figures 5.2 and 5.81).

Other significant physiological factors from literature review that correlated with the

primary research findings from case study analysis were found to be thermal comfort,

indoor air quality, impact of materials and acoustics which relate closely with

psychological tactors of well-being. feelings of calmness and tranquillity, aesthetics.

inspiration and an awareness of the sustainability and educational worth of the building.

Some of the more physiologically-perceived responses relate to temperature: 'cold' (2.7%)

and 'warm' (1.3%), indoor air quality: 'stuffy' (0.7%) and 'smell' and 'noise. I

The word 'sustainable' with a frequency response of 8% is significant in that it shows a

relatively high level of awareness of the broad purpose and function of the building. Other

responses associated with the environmental credentials of the bui Idings are 'natural' at

4.7% with 'green' and 'eeo' both at 2.7%.

Some respondents did not like the terminology used around sustainability such as the use

of the words 'eco' or 'green.' It was felt that these gave a negative or less serious

connotation to people outside the sustainability community. One project leader did not

want to term everything as 'eco' so as not to alienate people who do not associate

themselves with the environmental cause. outside social norms of acceptance. One

interviewee noted that his reserve in using such terms in his courses and project materials

is actually 'shooting him in the foot' because the government is now sponsoring the use of

the term green with initiatives such as the Green Deal.

The words 'beautiful' (3.3%), 'calmness' (2%) 'we/coming' (1.3%) and 'comforting' (0.7%)

arose as key perceptions from the online survey and interviews. They associate positive

psycho-emotional connections to the building. It was discovered from primary and

secondary research findings that psycho-emotional responses to phenomena are a critical
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factor in encouraging, or indeed discouraging, behavioural change. Psychological blocks

were evident with several respondents citing the 'macho' culture of the construction

industry where it was often perceived as socially unacceptable (the cultural norm) to

engage with sustainability issues. Theories of behavioural change show that a closer

personal connection to a problem can elicit emotional responses by making the threat

tangible and establishes an easily understood causality. The study of the behavioural

change work of Global Action Plan reveals that environmental pressures and emotional

fears and concerns about climate change and global warming should be used to

encourage people to take practical action in social groups.

The Gestalt theory. described in Chapter 3, supports this assertion and recognises

humans innate ecological wisdom and personal responsibility for the environment within a

social context where people begin to appreciate that our behaviour and environment

mutually effect each other e.g. consumption patterns have a reciprocal relationship with

energy costs. Some of the mechanisms that inhibit sustainable behaviour, despite efforts

to be more sustainable, include 'moral-self-licensing' where people feel that dOing

something good e.g. super-insulating a building allows us to do something bad, such as

have the heating on constantly, this was also highlighted as the 'rebound effect. '

Emotional triggers are commonly used in traditional marketing to persuade people to buy

products and services, to change consumer behaviours, particularly in financial, health

and leisure industries appealing to strong psychological and emotional feelings. Social

marketing uses these strategies for social good using positive reinforcement, indirect

suggestions and targeted behavioural messaging. The case study buildings, to varying

degrees, display aspects of these emotional responses. From the interview and survey

data analysis, emotional responses to the buildings, their materiality, function and ethos

were evident from many of the respondent's answers as presented above and from the

repetition of the expression "the building has the 'WOW' factor" (Figure 5.9).

Responses such as 'inspirational' at 3.3% 'educational' at 2% 'thought-provoking' and

'exemplar' suggest that respondents feel the buildings have a pedagogical effect on both

themselves and other building users. Some responses were more scientific including
. .

'technically challenging', 'efficient', 'innovative' and 'robust' and some were directly related

to the elemental materials used such as 'wood' (3.3%), 'earth' (0.7%) and 'stone,' key

sustainable materials that are directly associated with low environmental impact, natural

and healthy attributes (Figures 5.16 and 5.40).
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Some responses had negative connotations; 'cold, I 'leaky, I 'sterile, I 'unpredictable, I 'noisy'

and 'frustrating.' This illustrates both the variability in human physiology and perceptions

of comfort. The words 'unpredictable' and 'frustrating, I were identified as coming from

building and facilities managers and highlight that even the most sustainable of buildings

will have common problems in their operation and use as well as specific issues because

they are adopting often unfamiliar, untested and innovative sustainable practices and

techniques. This can have a significant impact on both the sustainable behaviour of

individuals and the sustainable performance of the building. This was amply illustrated by

findings from the CORE project where the unfamiliarity of using a building energy

management system, and lack of guidance, combined with technical difficulties lead to its

circumvention. This was recognised by the operative as sub-optimal and undesirable.

The five case studies show that linking environmentally sound buildings with mainstream

business and educational practices are possible and offer a location for people to explore

practical sustainable solutions. The buildings embody sustainability principles that are

encouraged and taught within them, offering experiential examples of sustainable

technologies and lifestyles. They offer a tangible demonstration of state-of-the-art

sustainable design and a glimpse into the future practice of building design linked with

sustainability and education. Current and future built environment professionals are able

to test out the building's special features on tours and in workshops and classes taught by

experts in sustainability.

Each of the case study buildings uses displays, exhibits, signs, prompts, modelling,

demonstrations and information provision to varying degrees as antecedent interventions

and mechanisms to encourage and enable behaviour change involving experiential

learning through self-directed and user-centred inquiry and play, shown to be among the

most effective ways of instilling information and knowledge, as illustrated by the learning

pyramid in Chapter 3 (Figure 3.11). This also fulfils the cognitive element of the

behavioural change process which highlights that unsustainable behaviour arises from

missing or imperfect information.

A number of respondents noted that some people find it hard to take the sustainable

lessons back to their 'smaller environment' such as their office or home when they learn

about them in a large centre completely dedicated to sustainability. This sense of

powerlessness or being overwhelmed by a problem relates closely to pre-existing

cognitive and social norms of behaviour and can be attributed in part to the 'passive-

bystander effect' which states that people tend to exaggerate their own powerlessness.

This can be tackled by deSigners and educationalists by making sustainable features,
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interventions, materials, methods and technologies relevant and applicable at various

scales and across a number of audience profiles. For example, rainwater harvesting can

be applied on a large industrial scale but the principles can function equally well on a

small domestic level (Figure 5.35).

From the theoretical study it was found that human behaviour is generally non-linear and

non-rational and people tend to be 'boundedly rational' meaning they behave rationally

within certain limitations. The interview and survey data analysis shows that despite being

involved with an exemplar sustainable building many people still behaved in unsustainable

ways, such as opening windows for cooling when the heating is on, wasting materials that

could easily be utilised, leaving materials exposed to the elements, leaving electrical

equipment on when not in use etc.

This demonstrates a number of psychological and behavioural change mechanisms that

inhibit optimal sustainable behaviours. As already identified 'mora/-self licensing' or

contradictory behaviour reflects the limitations of behaving sustainably when we feel that

doing something good allows us to do something bad. This was shown to be the case by

a number of responses from site workers, where working on a sustainable bui Iding was

perceived as being 'good enough' and offset the need to consider the sustainability of

their own working practices.

This is similar to the 'rebound effect' whereby an improvement in sustainability can lead to

an increase in consumption. Evidence for this effect was shown by a number of the case

study buildings where the effectiveness of the buildings, as a sustainability and

educational resource for sustainability, was offset by their remote geographical location,

poor public transport infrastructure and the need to rely on car use.

A significant number of staff within the buildings stated from the written responses for the

online survey that their behaviour had been impacted through working in a more

sustainable environment in terms of physiological and psychological health and well-being

with a direct impact on their ability to focus on tasks resulting in improved productivity.

This finding is supported by the Usable Building Trust's Building User Survey (Appendix

III) for the WISE complex which showed perceived increased productivity of between 5

and 15 per cent by 62 per cent of respondents.

The research findings presented in Chapter 6 (Figure 6.21) suggest general levels of

behavioural impact across the different user groups with higher levels of impact shown on

teaching staff, students and visitors, followed by general staff, maintenance staff and
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community groups. This would indicate a greater need for the participation and

involvement of the latter groups in the general environmental and sustainable attributes of

the buildings.

The efficacy of interventions with an explicit and implicit attempt to change behaviour by

the five case studies is variable but there is clear evidence in a number of instances

where behaviour has been changed through engagement with the building project. From

the findings contained in this chapter, these broadly include clients and design teams

changing their organisational practices, contractors leaming about and adopting new

sustainable construction skills, methods, materials and technologies, the improvement of

staff productivity and awareness of their environmental impact as a result of working in a

more sustainable and healthy building and visitors and course participants being

encouraged to leam about sustainable buildings which has had a stated effect on their

lifestyles, with the potential for adopting more sustainable practices through formal,

informal and experiential teaching and learning experiences.

The coding and reporting of the interview transcripts has illustrated the integral

relationship between people and buildings and more specifically between the pedagogical

potential of each of the five case study buildings and the sustainable methods, materials

and technologies embedded throughout them. From the interviews it is clear that in the

sustainable design, construction and use of the case study buildings and the sustainable

ethos of both individuals and organisations there is an explicit agenda to raise awareness,

educate and ultimately change behaviour which is rarely evident in the majority of

buildings.

If this intent was adopted more widely it could have a significant impact on economic,

social and environmental sustainability throughout the built environment with

repercussions for carbon reduction and less reliance on finite resources. One aspect of

the behavioural change potential of buildings was seen to be subliminal, that behaviour

change may not be the reason for visits but is a consequence of experiencing the building

(experiential learning}.

8.8 Pedagogy and behavioural change
The buildings lead by example on a range of issues relating to climate change and

sustainable development. The buildings themselves are important in promoting

sustainability to learners, community groups, organisations and the general public. Many

are intended to be a catalyst for the development of an innovative curriculum, filling the

identified cognitive gap for key skills and knowledge.
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As a very visible and tangible showcase of best practice in sustainable des ign,

construction and operation, the buildings are a learning resource in their own right and, in

the words of one respondent to the interviews, the building "motivates users to put their

new skills and learning into practice.- This reflects the idea of the building as pedagogy,

as third teacher and part of the 'hidden curriculum', as discussed in Chapter 3. Each of the

projects showed a level of social responsibility to prepare students and young people for

future climate changes that could happen in their lifetime and reflects the recognition of a

social obligation on organisations for shifting social norms.

Particular features of the buildings that encouraged teaching and learning were identified

from the interview data analysis. These included a discussion around the lifecycle of

materials, energy efficiency and energy policy, use of natural daylight and passive solar

design leading to discussions on the greenhouse effect and global warming, thermal

mass, heating and cooling and renewable energies.

The buildings display a strong congruency and correlation between their form (aesthetics

and exteriority) and their function (meaning and interiority), departing from the idea of the

building as a pure artistic expression which encourages architectural aesthetic

obsolescence or buildings reflecting fads or transient trend. Translating this profound and

philosophical aspect of sustainable buildings, allied to their lifecycle and historical context

offers a coherent narrative which appeals to our inherent need for order and meaning and

can be utilised for educational purposes. One example, the heat recovery from the

waterless urinals at the WISE complex, was cited, illustrates the narrative by bringing to

life the idea of an everyday human function that everyone can relate to which can have

positive sustainable consequences through the application of sustainable technology.

The building itself is also offered as an interactive exhibit and to be a 'test bed' for public

education leading to behaviour change. Interactivity is a key factor in experiential learning

which, as shown in the learning pyramid (Figure 3.11) encourages and enables

knowledge retention and a deeper, third order and transformational learning experience

involving redesigning and enabling an alternative world view and a shift from

'transmissive' pedagogical techniques involving imposed instruction to 'transformative,'

'participative,' and 'constructive'techniques (Sterling 2002).

It has been shown that the key drivers for the buildings are pedagogical, environmental

and in some cases theological, as in the Quaker principles embedded in the Sidwell

school project, which includes a dedication to environmental stewardship. From the outset

it was a belief that a sustainable building provides an opportunity to achieve an
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outstanding level of integration between the curriculum, values, and the mission of the

school. The school's sustainable features are intended to teach and inspire current pupils

and for those students to carry and transfer their knowledge and appreciation of natural

systems into the future.

The involvement of those engaged with the functioning and purpose of the building is

critical at design stage and is particularly true of buildings with a pedagogical agenda

where the building can be used as a teaching and learning resource. The sustainability

ethos is often driven by an individual sustainability champion, often a teacher, who acts to

maintain the sustainability credentials of the project and the involvement of educators was

particularly evident in each of the case study buildings, who arguably have a greater

understanding of the potential for behavioural change through experiential teaching and

learning strategies, and in all probability have undergone some degree of eco-

psychological transformation from their own training and experiences.

From the online survey respondents reported that the biggest positive impact of the

buildings (and therefore potential for sustainable behavioural change) was noted for

students and visitors to the buildings who were informed of the sustainable credentials,

the buildings used as an educational resource, with the aim that they would be motivated

to live more sustainably by experiencing sustainability in practice and some teaching staff

noted a reciprocal benefit from receiving questions and feedback from students and

visitors challenging them to consider the building and its sustainable credentials at a

deeper level.

This type of teaching and learning reflected in the case study buildings and discussed in

Chapter 3, based on the writings of Professor Stephen Sterling (2002) illustrates
education for and as sustainability, a transformative approach which is constructive and

participative as opposed to instructive and imposed. It also reflects the notion of 2nd and

3rd order educational change. The former enables critical reflective learning and some

reformation of the existing paradigm to reflect more thoroughly the ideas of sustainability

and the latter facilitates a transformative learning experience as a creative and reflexive

process.

The shift is towards 'learning as change' which engages the whole person and the whole

learning institution. Sterling highlights this response as the most difficult to achieve, as it is

most in conflict with existing structures, with respect to unqualified economic growth, for

example. This gives an indication why education about sustainability with a

content/knowledge bias leaves basic beliefs unchanged, being readily assimilated into the
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existing educational paradigm, and represents 1st order change. Essentially, educational

institutions need to undergo a process of change and transformation in order to facilitate

change and be transformative themselves. Each of the case study projects represent

organisations that aspire to 2ndand 3rd order change.

As each of the buildings selected for case study have both a strong pedagogical and

environmental agenda a number of respondents indicated that evaluation of the buildings

performance in terms of resource efficiency, indoor environmental quality and user

behaviour was included as part of the curriculum and therefore, almost by default,

significantly raised the awareness of how the building was performing with concurrent

behavioural effects because of that increased awareness. This was highlighted by the

follow-up survey some time after the completion of a number of the buildings, which

suggests time is a critical factor for curriculum developers to assimilate the environmental

features of the building into their teaching and leaming strategies.

Education for sustainable development (ESO) modules and courses, related to the built

environment have increased in popularity, being delivered at many levels of formal

education, and professional and vocational training, particularly evident in the rising

demand for places on CAT courses, a key driver for the production of the WISE building.

ESO related to the built environment is increasingly being delivered in schools of the built

environment and as a requirement for continuing professional development (CPO) but

remains a minority topic for all but the most enlightened educational institutions. There is a

strong argument for teaching sustainability across curricula and across-disciplines to offer

a holistic approach to sustainability embedding and relating it to all aspects of human

lifestyles as well as the built environment

The online and interview surveys asked 'are there any other features of the building you

feel would enhance teaching and leaming about the environment or significantly

encourage sustainable behaviour? Key responses induded; 'more visual information, J

'signage,J 'interpretation' and 'detailed data on performance of systems' which again

highlight the pedagogical requirements of many of the building users to have an impact on

other users and visitors to the buildings. 'The overall feel and philosophy of the building'

was cited as an influential factor on teaching and leaming. This is a less tangible, more

complex and harder to define aspect of the buildings and therefore more difficult to

quantify but was a significant and influential factor on the perceptions, activities and

behaviours related to the buildings.
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Other responses included; 'greater transparency, particularly EMS, energy, water and

resource use' reflecting the need for the building itself to be made accessible for

investigation for educational purposes requiring pedagogical factors to be taken into

account at design stage with the involvement of educators. Negative factors were 'noise

transmission' a result of the use and misunderstanding of the implications of new and

innovative sustainable materials methods related to the function of the building, most

notably the WISE rammed-earth lecture theatre which reverberated sound and the open

plan DACE workshops which allowed the noise from conflicting activities, seminars and

workshops to interfere with each other.

8.9 Chapter summary
This chapter has drawn together findings from the research and shows that by considering

whole-life building strategies the built environment has the potential to be a valuable

catalyst for pro-environmental and sustainable behavioural change among built

environment professionals, building managers, occupiers, teachers, staff and visitors.

Buildings can and should be used as a teaching and learning resource for developing an

understanding of sustainable methods, materials, technologies and behaviours over the

whole of their life cycle. Ideally all buildings, but especially those purporting to be

sustainable and pedagogical should explicitly and implicitly influence sustainable

behaviour in their design philosophy, construction processes and operational practices.

The following concluding chapter summarises how the research objectives have been

met, the Original contribution to knowledge, limitations, deficiencies, future research in this

field and ends with a summary of key findings and recommendations.
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Chapter 9: Conclusions and Recommendations
This final chapter presents the conclusions drawn from the main findings of the research

based on the research question and objectives and how they were achieved (9.1). It

includes a discussion on its original contribution to knowledge (9.2). This is followed by a

discussion on deficiencies and limitations of the methodology (9.3) and the potential for

future research arising out of this thesis (9.10). It ends with a summary of key

recommendations (9.4)

9.1 Research question and objectives
The main research question: sustainable buildings: 'sustainable behaviour? To what

extent do sustainable buildings encourage sustainable behaviour through their design

construction and operation?' defined the problem of sustainable buildings not achieving

their optimal potential in terms of both technological and behavioural performance. This

represents a gap in existing knowledge and an area of emergent understanding in the

evolution of a user-centred approach to sustainable buildings, requiring a blending of the

natural and the social sciences adding to contemporary knowledge, theory and practice in

this emerging field within the conceptual framework.

The problem was tackled through a range of methodologies representing a combination of

theory and practice. This included the extensive review of existing literature in the fields of

the built environment, sustainability, behavioural change science and psychology. A field

survey approach was adopted investigating five exemplar sustainable buildings with

behaviour change as a component of their project aims. The primary research

methodology was based on grounded theory, ethnography and phenomenology applied to

interview and survey data collection and open coding analysis. Secondary research data

was used to supplement this. The key outcomes of the research are presented below in

answer to the main research objectives

9.1.1 Establishing the need for sustainable buildings and their social,

environmental and economic benefits.

The environmental impact of the built environment was set out and its potential for

reducing carbon emissions thus contributing to offsetting anthropogenic climate change

through technological and behavioural strategies with additional physiological, economic

and social benefits. The impacts of global warming through climate change will have

implications for the planning design, construction operation and use of buildings, towns

and cities which will need to adapt in order to mitigate risks by significantly reducing the

burning of fossil fuels and designing for zero carbon buildings.
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Technical and economic metrics in the built environment industry are well developed and

understood. Environmental metrics are less developed but are becoming mainstream

through environmental rating systems and greater awareness throughout the building

industry of environmental responsibility through education and legislation.

Social, psychological and cultural metrics are underdeveloped in the built environment

industry and social sustainability is external to common decision-making and requires

further investigation and application. Developing a sustainable and user-centred theory so

that it can be applied to a wider range of building typologies and projects will increase

environmental support for building activities. Applying knowledge of the users into the

supply chain will eventually change the way the industry operates. In order to overcome

social and psychological barriers transformations in the unconscious value systems and

the habits and norms of construction organisations are needed.

It is also shown throughout this study that buildings have a profound effect on the

physiology of human beings; their health, well-being and performance, identified as strong

social drivers for the provision of sustainable buildings As awareness of the behavioural,

cognitive and eco-psychological effect of sustainable buildings increases, the natural

human response is to better understand the physiological benefits of sustainable buildings

by encouraging and demanding design for sustainability with increased benefits of natural

daylight, ventilation and energy efficiency.

Greater public exposure to, and experience of, exemplar sustainable buildings will help

promote their features and it may be argued that intelligent critiques will help facilitate their

acceptance. A more realistic expectation about their intended and achieved

environmental, economic and social performance will help inform and improve future

projects. Sustainable building could become so much of a standard practice that

sustainable building will become mainstream and therefore the term sustainable building

will become obsolete.

This study shows that this will require more than just a development of sustainable

technologies and lower costs for these technologies. By identifying social and

psychological barriers, social structures, rewards and incentives can influence change

which can be incorporated into every decision of the building process. This transformation

cannot happen without structural changes in organisational systems, concurrent with

adjustments to society's unconscious value system.
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Buildings can enhance the natural environment by encouraging biodiversity and the

sustainable use of resources. Sustainable buildings can be used to raise our awareness

of the finite nature of resources through energy efficiency, water conservation and how we

process and dispose of waste materials.

Economic metrics in the built environment are well-defined and internalised in decision-

making. Decisions to build in most modem societies are still guided by conventional

business drivers, which include market conditions, financial profit, construction processes,

technology, and competitive advantage. The current mainstream building industry

assumes the sustainability question can be resolved through improved construction

technology, increased factor productivity (material efficiency) and market forces alone

(false positivity).

The fear is that policies effectively mitigating ecological degradation would slow economic

growth. Given advanced scientific evidence about global warming, presented in this study,

it is clear that this argument is weak, as the consequences of climate change and

ecosystems collapse will not only slow growth, but could also destroy the global economy.

Green growth, responsible capitalism and capitalism with a difference are proposed as

better future economic practice.

The most effective driver for a more sustainable architecture by far would be if

environmental impacts were reflected in real costing, including environmental costing of

materials and energy. This will only happen in a market economy if the costs and benefits

to the world are reflected in the costs and benefits to individuals in line with the global

context. To achieve this, the bottom-up transformation without coercion through cultural

change will almost certainly need to operate in parallel with a top-down process of policy

change driven by international obligations. The emerging sustainability market is seen by

many as an entrepreneurial opportunity to meet the increasing demand for sustainable

buildings.

Sustainable buildings are the embodiment of the identification of environmental problems

(in built form) and can be a powerful behaviour change agent for future practice and new

norms of social, economic and environmental behaviour.

9.1.2 Establishing a clear definition of the concepts of sustainable behaviour and

sustainable buildings.

Broadly, sustainable building may be defined as building design and construction that

uses methods, technologies. materials and processes that are resource efficient and that
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will not compromise the health of the environment or the associated health and well-being

of the building's occupants, construction workers, the general public, or future

generations. (Landman 1999).

According to the European Economic & Social Committee (EESC) glossary of

sustainability in the built environment (2011) sustainable construction is defined as 'the

application of sustainable development principles to the design and construction process

i.e. use of fewer virgin materials, less energy in construction, less energy in use, less

pollution and less waste; whole life approach to design, construction and life use; and

providing safe places and work with acceptable social conditions integrated into

sustainable communities'.

There are a number of intemational design standards developed over recent decades that

have reached a high level of complexity in defining and assessing the environmental

impact of buildings. The UK Building Research Establishment Environmental Assessment

Method (BREEAM) has been adopted for the purpose of this study as a model benchmark

of sustainability as the basis for comparing and contrasting the selected case study

buildings.

Environmental behaviour has been defined as 'behaviour that changes the availability of

materials or energy from the environment or alters the structure and dynamics of

ecosystems or the biosphere' (Stem 1997 p.12). Sustainable behaviour is used as a term

to describe behaviour that has a positive influence on the local, national and global

ecosystems or biosphere.

Brundtland (1987) proposed a broad definition of sustainability, adapted for this study to

reflect the behavioural element, as 'behaviour that results in the satisfaction of our needs

today without diminishing the prospects of future generations to do the same.' This was

refined by applying the triple bottom line concept of sustainable development resulting in

the definition of sustainable behaviour for the purposes of this study as being 'the

behaviour of individuals, organizations and institutions that achieve positive economic,

social and environmental outcomes.

Pro-environmental behaviour is referred to throughout the study and differs from

sustainable behaviour as it is a more specific term that focuses on purely environmental

outcomes of behaviour which may not necessarily result in economic or social benefits.
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9.1.3 Identifying which key stakeholder behaviours can be changed and to what

degree.

This study has shown that decisions made by individuals as part of larger organisations

throughout the whole life cycle of the building effect energy use, CO2 production, pollution

levels, waste and the use of finite materials and resources and those decisions strongly

influence the behaviour of individuals and organisations. Working on and in a sustainable

building should explicitly and implicitly influence the sustainable behaviour of its clients,

designers, builders, owners and occupants which will have a reciprocal effect on the

sustainability and environmental performance of the building. Therefore, it is argued that

human behaviour needs to be considered from the outset of the process of developing a

building and sustainable buildings should be designed, constructed and operated to

encourage, enable and facilitate sustainable behaviour.

Sustainability in architecture emphasizes long term thinking and the role of the architect in

enabling the sustainability of our environment and society represents a significant factor

and a creative challenge. Over the years responsibility for performance of a building has

shifted from the architect to the mechanical and service engineer. There is now enough

peer pressure within the culture of architecture for architects to be uncomfortable with

being associated with the more obvious examples of energy profligacy, material waste,

high environmental impact and unhealthy buildings.

Architects and constructors rarely experience the results of their decisions on the

performance of buildings and the 'soft landings' approach is highlighted as a future best

practice approach.

Architectural education is traditionally focussed on studio design centres, isolated from the

real-life collaboration reflected in modem construction projects. Architects have been

criticised for becoming over-reliant on consultants, removing them from achieving

quantitative performance targets. The educational establishment have been accused of

producing 'semi-detached' professionals with little understanding of other disciplines in the

process being perceived within the building industry as sole creators. Collaborative and

integrative working from inception to completion and beyond is highlighted in this study as

best future practice.

Universities and colleges have a key role to play in 'un-freezing' the teaching of

unsustainable practices, changing behaviours and then consolidating sustainable

behaviours through experiential learning in order to provide a sustainably literate future

built environment workforce including architects, engineers, constructors and building
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managers. and sustainable behaviour needs to be applied, reinforced and consolidated

through working practices.

Often, sustainability is seen as a threat to traditional working practices and conventional

wisdom, in behavioural change theory terminology, social norms of acceptance. This was

particularly evident in the attitudes of construction organisations. Generally, there is an

essential requirement for individuals, organisations and institutions to fundamentally

change attitudes and behaviours (habit deconstruction) in order to begin to achieve

progress towards a more sustainable future.

This is strongly linked to the necessity for widespread education, skills and awareness

raising in sustainable thinking at a fundamental level which needs to be addressed by

govemments in their provision of education for sustainable development, embedding

sustainability at vocational and academic levels to achieve deeper, third order

transformational learning experiences. This applies strongly to the built environment

sector which, as has been established, has a significant impact on the natural

environment in terms of finite resource depletion and carbon emissions.

Typically, building users feature in theories of the built environment, along with the main

players, but are rarely central to them. This is largely attributable to the difficulties of

measuring human behaviour and the limitations of conventional social science research in

the practical context of planning, designing, building, managing and occupying buildings.

This study has investigated various theoretical perspectives related to sustainable

behaviour.

This research has reported that contemporary systems of delivering the built environment

have largely lost touch with the significance of the user, particularly in terms of the impact

of their behaviour on the performance and operation of buildings. Since the industrial

revolution the construction industry has developed an aversion to change adopting what

are now largely considered unsustainable practices, procedures and technologies with an

emphasis on cost rather than long term sustainability and quality.

It is well-established that people often make decisions intuitively, effortlessly and with little

conscious awareness. These choices are influenced by a mesh of environmental, social

and economic factors. In some instances the decision to build is driven purely by aesthetic

considerations or building codes and standard specifications. As considerations for

sustainability increasingly drive decisions to build, so the sustainable behaviours of
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stakeholders become a key factor and behavioural change can often result from engaging

with the sustainability agenda.

Among all stakeholders in the provision and use of buildings there needs to be a common

language of sustainability. In their design, construction and operation buildings need to

avoid giving incongruent messages to users and allow them to easily engage with the

buildings functions and operations to achieve low environmental impact and healthy

environments for learning whilst understanding inherent sustainable features and how

they can be realistically interpreted and made relevant to their own lifestyles.

This study has shown that decisions made by people throughout the whole life cycle of the

building affect energy use, CO2 production, pollution levels, waste and the use of finite

materials and resources and those decisions have a reciprocal influence on the behaviour

of individuals and organisations. The decisions of architects and engineers are important

for setting the context for sustainable behavioural change and building managers and

users behaviour must respond in a sustainable way.

A sustainable building should explicitly and implicitly influence the pro-environmental

behaviour of its designers, builders and occupants. Therefore, it is argued that human

behaviour and behavioural goals need to be considered from the outset of the process of

developing a building and sustainable buildings should be designed, constructed and

operated to encourage, enable and facilitate sustainable behaviour.

9.1.4 Identifying mechanisms of behaviour change applied to the built environment

from current best practice through literature review and case study analysis.

Both technical and human behavioural factors, particularly user behaviour, are key

determinants in the performance of a building. How the buildings sustainable design

aspirations, embodied in the varying aspirations of the stakeholders, are translated and

embedded in the operation of the building, serve to reinforce and 're-freeze' new and

sustainable behaviours.

The mechanisms that enable these changes have been highlighted as antecedent

interventions such as education, signs, prompts, modelling, demonstrations and

behavioural commitments and consequent interventions such as rewards, penalties and

feedback. Each of these were demonstrated to varying degrees in the case study

buildings and their effectiveness had differing effects dependent on the psychology,

beliefs, attitudes and roles of a wide variety of individuals, as discussed in the previous

chapter based on the theoretical principles and interview and survey data analysis.
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Advances can be achieved through behavioural interventions, embedding processes,

technologies and materials that enable and encourage sustainable behaviour such as

providing building performance feedback, user control, natural ventilation and day lighting.

This study found that the potential for influencing the sustainable behaviour of building

users is generally optimised at design stage with the involvement of contractors,

operational staff and the users themselves through an integrative design strategy.

Individuals and organisations must be open to the ethos of sustainability otherwise

psychological blocks can hinder successful outcomes.

Some of the buildings that have been hailed as environmentally sustainable at the turn of

the century are regarded as naive by some critics, whereas others herald them as

exemplars. It can be strongly argued that we need bold, but reasoned and justified design

experiments to continue. The work of experimental architecture is important because it

provides a series of reflective testing in practice that continues from project to project

developing technical, environmental, social and economic innovation in sustainable

development.

The study has highlighted deficiencies in some current working practices, in the

knowledge and skills of built environment professionals which can ultimately be attributed

to failings in their education and training. In many instances existing education and

training does not embed sustainable design and construction skills to a sufficient degree

of understanding in sustainable theory and practice to achieve the higher standards of

design and workmanship required for sustainable building design and construction.

These deficiencies can result in negative perceptions being deve loped at an early stage

from negative educational experiences or failures in practice. Over the years

responsibility for the performance of a building has shifted from users to technological

solutions. Building users and operators need to be assisted and encouraged to be

conversant with how renewable technologies, passive and low carbon systems work in

order to optimise the performance of their buildings. It is important to avoid unmanageable

and over-complicated technological systems and scientific language to encourage user

engagement and avoid users circumventing sustainable systems.

As the requirement for more sustainable buildings grows through legislation and

consumer demand the lessons learned from the case study buildings in this research

show that it is highly feasible to have sustainable buildings that can encourage

sustainable behaviour and therefore many of the inter-related processes, technologies,
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strategies and materials can feasibly be incorporated into mainstream buildings to

encourage sustainable behaviour.

Traditionally the environmental movement uses a rational and informing approach to

behaviour change. This needs to shift to psycho-emotional triggers. This study has shown

that merely raising peoples' awareness in terms of the sustainability of their own built

environment and landscapes through information provision can have limited effects on

long term pro-environmental behaviour change, assuming that relating facts about, for

example energy use will lead to better decisions.

This provides a firm rationale but leads to minimal impact. Telling people how they should

behave has little effect on how they actually behave. Issues of willpower, motivation, cost

and convenience are often more important than a lack of knowledge or missing

information, known as the 'cognitive' factor in behaviour change theory. It has been found

that sustainable building design makes sustainable issues tangible which people can

relate to their own lifestyles.

In terms of the operation, use and the impact of buildings on sustainable behaviour there

is strong evidence that sustainable buildings provide an effective and experiential learning

environment encouraging deeper and more transformational learning as a basis for

cognitive behavioural change. This enables people to ultimately make conscious

decisions to act or change behaviours (Eco-psychological transformational change) based

on direct experiences of sustainable features and processes. It is a critical feature of

behavioural change theory that people will have a propensity to change their lifestyles

when it is easy and convenient to do so.

Behaviour change for sustainable development takes place through a complex series of

socio-economic, socia-technical and psycho-emotional processes and requires conditions

that are easy and convenient to enact, when there is a critical mass of early adopters and

innovators and when the problem is perceived as a personal threat. Humans behave

unpredictably and irrationally under certain circumstances (boundedly rational). They are

highly adaptive and require responsive buildings with feedback without too much

management dependency.
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9.1.5 Establishing the strength of relationship or causation between sustainable

behaviour and sustainable buildings throughout their design, construction,

operation and use.

This research has shown that sustainable buildings and sustainable behaviour are two

comparable entities with a tendency to vary together indicating both the strength and

direction of the relationship.

Therefore, it may be inferred that a strong correlation exists between those that engage in

the design and construction of a sustainable building, as defined and individual attitudes

and organisational practices. The correlation is evident throughout the lifecycle of a

building and varies considerably between actors in the network.

However, 'correlation is not causation' and a direct causal link has not been proven

between sustainable buildings and sustainable behaviour. Behaviour in relation to

sustainable buildings, as defined has resulted in both sustainable and unsustainable

behaviours across the diversity of stakeholders observed for this study and a broader and

more longitudinal, quantitative study would be needed to establish a definitive and

statistical causal link.

A significant amount of research in environmental psychology is based on how human

behaviour is influenced by features of the spaces people occupy, that buildings cause

users to behave in certain ways, some of which are predictable. Also, behaviour can result

from leamed social norms and pattems where buildings act at a symbolic level, as a

mediator of the social relationships that determine behavioural outcomes. Building users'

behaviour is also influenced by their feelings, intentions, attitudes and expectations as

well as by the social context in which they are participating. It has been shown that limited

time, energy and attention often lead to behaviours that are self-defeating or

unsustainable.

Multiple sources of data indicate that attitudes formed form direct behavioural experiences

are more predictive of later behavioural change than are passive or abstract attitudes.

Therefore, it is concluded that the more we design, construct and use buildings as an

experiential resource with pedagogical and behavioural change aspirations the more likely

positive environmental behaviour is to occur. This is linked closely to the Freudian

behaviour change theory of how we perceive ourselves in direct relation and proximity to

the environment and nature. Our disconnection from nature or 'nature-defecit disorder' is

a critical factor in how we behave and respond to issues of environmental impact and

sustainability .
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It is evident from this study that exemplar sustainable buildings do encourage sustainable

behaviour on many levels but buildings can also serve to discourage sustainable

behaviour where unintended consequences arise out of poor communication or design

decisions. It is clear that people have strong emotional and psychological connections to

the buildings they create and inhabit. This is enhanced as the level of involvement in their

design and operation increases and can lead to a fundamental change in attitudes,

perceptions and ultimately sustainable behaviours (eco-psychological transformation) as

awareness of economic, environmental and social sustainability develops.

9.1.6 Critically reassess existing processes and tools to support sustainable

architectural design for sustainable behaviour through behavioural and technical

interventions.

With sustainable architecture, it is necessary to think differently about both the form and

purpose of our buildings and the processes by which they are built. Change in thinking

requires that we challenge social, psychological and physiological routines that we have

developed and that have seemingly worked well in the past within narrower environmental

parameters. Such change is not easy and will be slow and likely to invite some resistance.

This thesis develops an understanding of the dynamic and complex systems and

processes by which environmentally responsible action emerges from the interaction of

people and the built environment. Buildings and landscapes have a strong influence on

our perception of the environment around us. Decisions that result in a poorly designed

and operated building can divorce its occupants from a sense of place, its effect on loeal,

regional, national and global ecology, its use of scarce and finite resources with related

consequences on climate change and pollution and can have a detrimental effect on the

health, well-being and levels of performance of its occupants.

Findings show that the UK building community specialises too much and that it should

move more towards an interdisciplinary approach. It was noted that specialised

contractors such as PV installers and electricians were so focused on their job they often

did not absorb the messages of sustainability in the project. It was cited that some of the

macho behaviour and negative peer pressure on-site limited engagement with

environmental issues which ultimately affected the build quality.

The false lessons that unsustainable buildings ean impart to us are that resources are

infinite, wastefulness is the norm and it is acceptable for us to be removed from natural

processes without social, environmental or economic consequences. A sustainable

building should be diametrically opposed to this and should explicitly and implicitly enable
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us to lead more sustainable lifestyles by making sustainable choices the default option. If

we are to live more sustainable lifestyles our built environment should be responsive to

our needs in a sustainable way whilst our behaviours should not undermine the potential

for our buildings to achieve their sustainable design aspirations.

It is also shown that existing interventions such as building regulations and environmental

rating systems do drive sustainable behaviour throughout the construction process, in

adopting new and sustainable methods, materials and technologies.

There needs to be a greater understanding of human behaviour change through

behavioural science studies specifically, but not exclusively, among designers and

building managers who are identified as key stakeholders with the greatest potential to

effect behaviour change. This should be incorporated into formal education and working

practices.

9.2 Contribution to knowledge
The primary contribution to knowledge of the present thesis comes from its analysis of five

unique sustainable buildings with sustainable education as a key function of their impact

on sustainable behaviour blended with behavioural change theories and psychological

processes. The literature review fills a gap in existing research in relation to the complex

interrelationship between buildings, sustainability, pedagogy and sustainable behaviour.

Findings from case study analysis closely correlate with findings from the literature review

which contributes to the justification of the choice of research methodologies.

Each of the buildings selected for analysis have both similar and unique characteristics.

The similar features enable strong comparisons making the findings relevant and

applicable to other similar projects whereas the unique elements of some of the buildings

offer the opportunity to discover originality.

From analysis and synthesis of the twenty two interviews it has been possible to

accumulate a body of knowledge enabling the identification of the best innovative

practices that contribute to and reinforce existing knowledge in this field as well as lessons

from errors and poor practice where they were evident.

It was found that some of the most effective innovative strategies are setting behavioural

goals at the very start of the project, representing a human-centred approach. Engaging a

sustainability expert with managerial powers ensures the goals are adopted at each of the

key phases throughout the lifecycle of a building process and into the post-occupancy
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phase. Building users are key determinants of the performance of the building and need to

be considered and engaged from the outset. Technological solutions can achieve greater

performance but can also be over-complex and unmanageable leading to behaviours that

render the sustainability of the building sub-optimal. Education and training of built

environment professionals in a more user-centred approach will have considerable

benefits for improving the social, financial and environmental performance of buildings.

The face-to-face interviews elicited detailed information for each of the five case studies

and the on-line survey extracted perceptions from a general overview across all the

selected case studies. Supporting evidence from the theoretical study and secondary

research data represents a much broader body of existing knowledge and thinking in this

field of research and practice. Together the mixed research methodologies complement

one another and represent a body of evidence that aims to answer the primary research

question.

The ongoing investigation of best practice will inform sustainable building design and

enhance sustainable teaching and leaming practices, change attitudes and ultimately

encourage sustainable behaviour through the design, construction and use of sustainable

educational and community buildings. It also shows how sustainable and educational

interventions can be embedded throughout the building to engage and encourage pro-

environmental behaviour. It is hoped that the findings from this research will have practical

applications for built environment professionals and building users and the theoretical

study, case study analysis, discussion, conclusions and recommendations can serve as

guidance for future projects.

A sustainable building is only sustainable in its time frame, so the buildings selected for

this study might not live up to future sustainability criteria, however cutting-edge they are

considered at the time. However, they deserve to continue to be considered exemplar

buildings because they are built with current and future sustainable issues consciously in

mind. They add to the growing body of work that constitutes a legitimate history of

sustainable architecture from which to draw inspiration, experience and knowledge.

9.3 Deficiencies in methodology
There is an apparent imbalance in the textual size of each of the case study findings from

the interview technique, varying from around 5,000 words to 1,500 words. This could be

construed to reflect the relative merits of each of the buildings. This was certainly not

intended and is not the case as each of the case study buildings are considered equally
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exemplary. It is mostly due to the number of interviewees available at the time of the

interview study visits and the financial and time constraints of doctoral research.

The representativeness of the case study buildings could be criticised as being too similar.

The bespoke nature of the buildings selected for case study could be considered of limited

relevance and value to wider applications within the current mainstream built environment

industry. However, they were selected for being best practice exemplars to inform current

practices.

It is difficult to categorically prove or disprove this hypothesis with qualitative data alone.

Direct questions often prompt people to rationalisations which may be unrelated to the

real causes of their responses. This is why other methodologies were adopted to achieve

triangulation to enable their contrasting and comparison allowing conclusions to be drawn.

The qualitative data is supported by these and the preceding literature review and

theoretical study in order to verify and validate the primary research data.

With qualitative research there is a risk that one person's views or opinions can come

across more strongly than others and may skew the analysis. It was found that this is

particularly true of post-construction managers of buildings who tend to have to deal with

problems that others may not be aware of. Qualitative analysis can also have the opposite

effect of obscuring the opinions of individuals against the majority views of key

stakeholders. It is therefore important to balance all views and take a holistic approach to

the analysis of qualitative data.

Working in inter-disciplinary settings is both complex and challenging. Merging

perspectives and insights from a wide variety of professional disciplines adds to this

complexity but offers the opportunity for significant insight. Researchers need to be willing

to understand different perspectives, to clarify the background of their own perspective

and to examine possibilities of integrating different views, interdisciplinary research and

co-operation. This yields better and more comprehensive views on human-environment

relationships and possible ways to improve them.

A significant disadvantage of relying on the interview technique is that certain key

stakeholders are not always available or willing to be interviewed, particularly for projects

that have been completed for some time and design teams and contractors have

physically and psychologically moved on and away from the project. This reflects a key

finding that the handover process is often too abrupt and buildings tend to perform better

when design teams and contractors maintain some connection with the building. In
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research terms. not having the data from key stakeholders from a particular role across all

five buildings minimises the opportunity to compare and contrast potentially compatible

data on a like-for-like basis.

Each of the interviewees were afforded the opportunity to put forward their own

experiences. perceptions and thoughts about their respective buildings and as such the

research represents the anecdotal evidence of experts in their own particular fields often

resulting in contrasting findings making analysis of the data. and conclusions to be drawn

from it. both difficult and challenging. It has made identifying the themes emerging from

the data. using the open-coding method. quite complex. time-consuming and arduous

given the sheer volume of Originaldata collected. recorded and transcribed.

9.4 Future research
There is a strong case for future cross-disciplinary research activity between

educationalists. built environment professionals and behavioural psychologists to inform

the design. construction. operation and use of buildings to achieve greater economic.

social and environmental sustainability.

Further research should examine the relationship between the management and

maintenance of physical environmental variables and how users experience that

environment.

Research should seek to undertake multi-site. multi-seasonal and longitudinal research.

rather than single case study research in order to establish the longer term impacts of

sustainable buildings on sustainable behaviour. building on the findings from this study.

Future research should examine the extent that post-occupancy evaluation informs

design. particularly for sustainable buildings of a similar design and/or locality.

It is also clear from some of the case study investigations where sustainable design.

construction and operational intentions can fail. considerable focus for future research is

needed.

Best practice examples should be continually evaluated. and the most effective strategies

should be expanded and replicated. Taking advantage of the existing knowledge base

requires more collaboration between agencies. between levels of government. and

between sectors.
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Ultimately, the test of how buildings have directly and indirectly changed behaviour in a

positive environmental way lies in the longer term, wider and more in-depth analysis of

individuals, groups, organisations and institutions that have engaged with sustainable

construction projects and the wider sustainable agenda, asking the questions: Have

architects adopted sustainable principles in their designs to adapt to climate change?

Have engineers learned how to better integrate sustainable technologies and future-proof

buildings? Have contractors and sub-contractors adopted more sustainable construction

techniques? Have users and operators better understood the functionality of their

buildings narrowing the gap between designed and in-use performance? and have

teachers, educators and facilitators optimised their built environment and the wider

environment as teaching and learning resources and what can they feedback to designers

from their own areas of expertise and experiences?

It is gratifying to be able to state that after extensive literature review, meeting and

interviewing key stakeholders in order to produce this thesis that the field of sustainable

building design has positively influenced the lives of many people and the work being

done by so many dedicated practitioners provides a firm foundation for even greater

progress through theory and practice in the future. It is hoped that this investigation, by

telling the story of some of these accomplishments will add in some way to future

advancement of the provision of sustainable buildings that provide an environment for

sustainable behaviour.
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9.5 Key recommendations

9.5.1 General recommendations

• The decision to build demands early identification of project objectives including
function, economic viability, social acceptability and environmental sustainability
and the setting of clear behavioural goals.

• Use decision-making techniques that can allow both 'hard' and 'soft' issues to be
assessed; this should embed sustainability issues at the heart of construction
decision-making from the earliest stage in a project.

• Companies are coming under increasing pressure to demonstrate social
responsibility and this adds a whole new range of issues onto the decision
making agenda.

• A new role of carbon/sustainability manager/champion with real power to take
responsibility for the carbon performance during the design, construction &
operation of the building

• A single organisation with whole life responsibility for a building, ensuring a low
carbon approach to desiqn, construction, fit-out, maintenance, refurbishment,
retrofitting and even demolition can bring real knowledge to projects enhancing
value, education and skills in delivering value, carbon reduction and sustainability
in the built environment.

• Adopt a whole-life value approach. Build an audit trail into the process to review
decisions on whole-life costs, in particular for sustainable decisions. Allocate
sufficient time and resources.

• Any method of assessing environmental or sustainability performance must be
devised and bought into by all the relevant stakeholders.

• Wider green economy benefits. The green economy represents an area of
substantial potential growth for the built environment professions. Creating a low
carbon construction industry would develop skills and expertise that would be of
great value to other sectors.

• Review and recommend the best methods and lifecycle financial analysis for
building projects.

• Governments and industry need to work together to identify best practices that
stimulate the market for low carbon and energy efficiency measures.

• Provide financial incentives and direct funding to lower project costs e.g. tax
credits/exemptions, remove subsidies for environmentally damaging industries,
tax environmentally harmful products, provide low-interest loans for sustainable
building projects.

• Expand and fund professional training, continuing and formal education
opportunities for architects, contractors, realtors, appraisers, developers and
lenders.
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• Provide additional support for sustainable building research and development.

• Potential clients need clear explanations of the social, economic and
environmental benefits of sustainable and low carbon measures, materials,
technologies and methods.

• Recognise that different clients are motivated by different sustainability-related
issues and the relative importance of different drivers will be unique to each
organisation.

• Counter misperceptions or exaggeration of the increased cost of sustainable
practices.

• A key part of developing a procurement strategy directed towards delivering
sustainable construction must involve the identification of sustainability-linked
risks and the assessment of the most appropriate party to manage these risks.

• Delivering sustainable construction is dependent upon adopting the right
procurement strategy.

• Common language for sustainability is required throughout the construction
professions.

• Consult openly and willingly with local authorities and the local community at
planning stage of construction projects as well as during site operations. Be
prepared to change.

9.5.2 Design phase recommendations

• Early and comprehensive stakeholder involvement (BREEAM assessor,
contractors, facilities managers, users and educationalists).

• Late appointment of a sustainability adviser, after fundamental decisions have
been taken, can result in a range of design issues that are difficult to overcome.

• Consider commitments to achieve issues at BREEAM Design Stage that will need
to be demonstrated at BREEAM Post-Construction Stage.

• Alter building contracts to put the responsibility for building performance directly in
the hands of both the architect and the service engineer.

• Industry should agree a standard method of measuring embodied carbon for use
as a design tool, and for the purposes of scheme appraisal.

• Interdisciplinary and integrative working practices are needed.

• Embed sustainable materials and technologies into buildings and make them
'transparent' to enable users to better understand sustainable principles and the
functionality of their buildings.

• Shallow-plan building forms, demanding less technically complex and less
management-intensive systems. •
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• Embed sustainable and educational aims & objectives into building design,
construction, operation and use to encourage greater leaming and sustainable
behaviour.

• Balance technical solutions with human interaction and behaviours.

• Behaviour change initiatives should be based on a package of measures.
Address both physicallinfrastructural (,external') barriers and
attitudinal/psychological ('intemal') factors.

• Participatory design. Encourage participation of local community and building
user groups early in the design process.

9.5.3 Construction phase recommendations

• Comprehensive training to move sustainable systems, methods, techniques and
skills into mainstream construction. Provide induction and training about
environmental issues to all site personnel.

• Early contractor involvement will ensure that the design does not compromise
sustainable construction.

• In most construction companies the sustainability manager has a facilitation role,
rather than power to drive real change. Sustainable/carbon management needs
to be a high level role, on the same basis as the financial manager or the project
manager.

• A construction-specific accreditation scheme for companies committed to
improving their environmental credentials.

• Accredited courses for specialist low carbon technologies and techniques to
ensure adequate skills, & expertise to avoid undermining the credibility of
sustainable building projects by unskilled workers and poor performing materials
and technologies.

• Include environmental issues in the selection of contactors and require a
sustainability/environmental management plan from the main contractor.

• Indude in specifications requests for contactors' environmental policies, for
evidence of environmental innovation on previous projects, and for innovative
environmental ideas on the current project.

• Ensure environmental issues pervade the site management and practices rather
than become sidelined with a few individuals in separate meetings.

• Set appropriate targets for environmental performance, including energy, water
and waste management.

• Measure environmental and sustainability performance in order to manage it.
Adopt appropriate sustainability indicators, set challenging but achievable targets
and benchmark performance against industry best practice.
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• Report on the material, energy and waste flows associated with products and
services over their entire life-cycle and identify changes to operations, which can
lead to clear environmental benefit and cost savings.

9.5.4 Post-occupancy phase recommendations

• A well-managed project handover (soft landing) with training for occupants and
facilities managers on new low carbon systems, materials and technologies e.g.
BEMS. A building should not be considered as complete until it performs in
accordance with its design criteria.

• Incorporate and embed features that enable the sustainable operation of the
building and opportunities for user engagement e.g. rapid response environments
in terms of personal control and complaints monitoring and feedback system.

• A need for up-skilling energy, carbon & sustainability knowledge with the
maintenance of buildings. The role of sustainable building/facilities manager
could have effective power to take responsibility for the energy and carbon
operational performance.

• A need for raising awareness and training in the operation and use of buildings
for occupants in order to maximise energy efficiency, carbon saving and use of
sustainability features of buildings.

• Do not overestimate the need for future adaptability.

• Look upon a building that must be demolished as a source of materials and
resources, either on the given project or other projects in the vicinity, or for sale.

• Monitor buildings in use to ensure they perform as intended. Use data collected
to feed back to operators and use to inform design of new buildings.

• Provide documentation for the occupier/user, e.g. operation and maintenance
manuals.

• Create a document that describes the learning potential of the building that
translates environmental prompts, cues or features into learning experiences.

• Connect lifestyles and working practices to daily/seasonal cycles.

• Publicize sustainable approaches being taken to reduce operational energy use
and provide user-friendly performance feedback mechanisms.

• Poor built environments reinforce unsustainable behaviours.
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Appendices
This section contains a number of pieces of background or supporting information relevant
for this research. The contents of the appendices are as follows:

Appendix I: Various principles of sustainable and ecological design

Appendix II: Results from user perceptions workshop

Appendix III: Usable Building Trust (UBn Building Use Study (SUS)
occupant survey of the WISE building

Appendix IV: Online survey questionnaire

Appendix V: Interview questions

Appendix VI: Publications arising from this thesis

Appendix VII: Transcript summary and example of coding methodology

Appendix VIII: Interview transcripts
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Appendix I: Various principles of sustainable and
ecological design
Hannover Principles (McDonough and Braungart 20001)

1. Insist on rights of humanity and nature to co-exist in a healthy, supportive,
diverse and sustainable condition

2. Recognize interdependence. The elements of human design interact with and
depend upon the natural world, with broad and diverse implications at every scale.
Expand design considerations to recognizing even distant effects.

3. Respect relationships between spirit and matter. Consider all aspects of
human settlement including community, dwelling, industry and trade in terms of
existing and evolving connections between spiritual and material consciousness.

4. Accept responsibility for the consequences of design decisions upon human
well-being, the viability of natural systems and their right to co-exist.

5. Create safe objects of long term value. Do not burden future generations with
requirements for maintenance or vigilant administration of potential danger due to
the careless creation of products, processes or standards.

6. Eliminate the concept of waste. Evaluate and optimize the full life-cycle of
products and processes to approach the state of natural systems, in which there is
no waste.

7. Rely on natural energy flows. Human designs should, like the living world. derive
their creative forces from perpetual solar income. Incorporate this energy effiCiently
and safely for responsible use.

8. Understand the limitations of design. No human creation lasts forever and
design does not solve all problems. Those who create and plan should practice
humility in the face of nature. Treat nature as a model and mentor, not as an
inconvenience to be evaded or controlled.

9. Seek constant improvement by the sharing of knowledge. Encourage direct
and open communication between colleagues, patrons, manufacturers and users
to link long term sustainable considerations with ethical responsibility, and re-
establish the integral relationship between natural processes and human activity.

Five Principles of Ecological Design (Van der Ryn and Cowan 19952
)

1. Solutions Grow from Place. Ecological design begins with the intimate
knowledge of a particular place. Therefore, it is small scale and direct, responsive
to both local conditions and local people. If we are sensitive to the nuances of
place, we can inhabit without destroying.

2. Ecological Accounting Informs Design. Trace the environmental impacts of
existing or proposed designs. Use this information to determine the most
ecologically sound design possibility.

3. Design with Nature. By working with living processes, we respect the need of all
species while meeting our own. Engaging in processes that regenerate rather than
deplete. we become more alive.

4. Everyone is a Designer. Listen to every voice in the design process. No one is
participant only or designer only. Everyone is a participant-designer. Honor the
special knowledge that each person brings. As people work together to heal their
places, they also heal themselves.

5. Make Nature Visible. Denatured environments ignore our need and potential for
learning. Making natural cycles and processes visible brings the designed
environment back to life. Effective design helps inform us of our place within
nature.
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Principles of Ecological Design (Todd and Todd 19943)

1. The living world is the matrix of all design.
2. Design should follow, not oppose, the laws of life.
3. Biological equity must determine design.
4. Design must reflect bioregionality.
5. Projects should be based on renewable energy sources.
6. Design should be sustainable through the integration of living systems.
7. Design should be coevolutionary with the natural world.
S. Building and design should help heal the planet.
9. Design should follow a sacred ecology.

The Sanborn principles (Lovins and Macready 19944
)

1. Ecologically Responsive: The design of human habitat shall recognize that all
resources are limited, and will respond to the patterns of natural ecology. Land
plans and building desiqns will include only those with the least disruptive impact
upon the natural ecology of the earth. Density must be most intense near
neighbourhood centres where facilities are most accessible.

2. Healthy, Sensible Buildings: The design of human habitat must create a living
environment that will be healthy for all its occupants. Buildings should be of
appropriate human scale in a non-sterile, aesthetically pleasing environment.
Building design must respond to toxicity of materials, care with EMF, lighting
efficiency and quality, comfort requirements and resource efficiency. Buildings
should be organic, integrate art, natural materials, sunlight, green plants, energy
efficiency, low noise levels and water. They should not cost more than current
conventional buildings.

3. Socially Just: Habitats shall be equally accessible across economic classes.
4. Culturally Creative: Habitats will allow ethnic groups to maintain individual

cultural identities and neighbourhoods while integrating into the larger community.
All population groups shall have access to art, theatre and music.

5. Beautiful: Beauty in a habitat environment is necessary for the soul development
of human beings. Intimacy with the beauty and numinous mystery of nature must
be available to enliven our sense of the sacred.

6. Physically and Economically Accessible: All sites within the habitat shall be
accessible and rich in resources to those living within walkable (or wheelchair-
able) distance.

7. Evolutionary: Habitats' design shall include continuous re-evaluation of premises
and values, shall be demographically responsive and flexible to change over time
to support future user needs. Initial designs should reflect our society's
heterogeneity and have a feedback system.

Eco-minimalism Principles (Liddell 200S5)

1. Question.
Critical thinking is never final; it is an iterative process. Scepticism is open and
creative and is the opposite of cynicism, which has already decided the answer.
Start by questioning the questions. 'How do we achieve a zero carbon building?'
should lead to the question 'is it the right system boundary?' (we could consider a
development boundary, town, bioregion, country or planet - all will lead to different
optimum solutions) and even 'do we need this building?'

2. Reduce.
A smaller house uses fewer resources and will need less stuff to fill it. This is not a
moral stance, simply a statement of fact. Adding extra insulation and renewable
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energy systems to compensate for an excessive footprint is chasing our tail in
environmental terms. If we are successful visitors will exclaim 'Tardis' rather than
'rabbit hutch'.

The reduction applies to quantity and complexity. Most processes generate clutter.
Just as our kitchen cupboards are full of grubby, unused gadgets, our designs
might contain unnecessary complexities and redundancies that seemed like a
good idea at the time but which end up squandering valuable resources.

The artist Constantin Brancusi said: "The difficulty does not lie in making things but
in creating the conditions under which one can do without those things"

A nice feature of the reduction process is that it can lead to a satisfied feeling of a
job well done. By contrast, increasing complexity is an open-ended process that
can get truly out of hand.

"lnet» is no problem, no matter how complex, which if looked at in the right way
cannot be made even more complex." Paul Anderson

3. Order.
As with spring-cleaning, we clear out the clutter, then order what remains. Building
examples include arranging the services to minimise hot water pipe runs and
subsequent energy and water wastage, or ordering rooms to maximise useful
living area, perceived space or solar gain. Another crucial consideration is the
ordering of building layers to avoid the structure penetrating the thermal envelope.
Ignoring this apparently Simple rule will lead to thermal bridges and tricky air
tightness details which increase cost and can more than double heat loss.
Unfortunately the apparently Simple Segal method, which has inspired many green
architects, is a textbook example of how not to achieve this topological simplicity.

4. Model
Intuition is a great way to get the initial idea, but an unreliable way to judge its
merit. Even a simple model can be used to perform very powerful 'what-if'
scenarios. Indeed, the simpler the model, the clearer the conclusions. The key is
to develop a sense for the essence of each problem, a tetchy frustration with
unnecessary detail, and a sense of the limitations to models and modelling (Lowe
2007).

It is not unusual for expensive environmental measures to be built without even a
back of the envelope feasibility check. I was once asked to visit a doctor who lived
in a water mill. It was 'self evident' that the large water wheel could power his
home from the rushing stream, so he had commissioned engineers to attach a
tractor gearbox and altemator to generate electricity. When the switch was thrown,
a 60W bulb started to glow and the wheel dragged to a halt. Two minutes with a
calculator, a basic recollection of '0' Level physics and a few assumptions about
flow rates and efficiencies would have predicted this and saved him around
£10,000 (based on1984 prices). This is not an isolated example, which is why
consultancy can be so worthwhile and such easy money. The most important
environmental performance measure is energy consumption and so, indirectly,
carbon emissions. A good, robust, and (compared to some) relatively
uncomplicated tool such as the Passivhaus Planning package allows the designer
to optimise the built form for minimal energy consumption and optimum comfort.

5. Monitor
If we don't measure actual performance against our design predictions we miss
the opportunity to fine tune or to learn from our mistakes. As it is very likely that
performance will fall short of expectations it takes a brave designer to ask the
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client about utility bills or user satisfaction. Bill Bordass (2007) suggests that as a
rule of thumb, energy use in (non-domestic) eco-buildings is typically around three
times what design predicts. Closing the gap between theory and reality will save
more carbon than any number of building-mounted wind generators.

One Planet Living Principles (Bioregional andWWF 20066
)

1. Zero carbon.
2. Zero waste.
3. Sustainable transport.
4. Sustainable materials.
5. Local and sustainable food.
6. Sustainable water.
7. Natural habitats and wildlife.
8. Culture and heritage.
9. Equity and fair trade.
10. Health and happiness.

Ten Principles of Good Design (Dieter Rams7)

1. Good design is innovative.
2. Good design makes a product useful.
3. Good design is aesthetic.
4. Good design makes a product understandable.
5. Good design is unobtrusive.
6. Good design is honest.
7. Good design is long-lasting.
8. Good design is thorough down to the last detail.
9. Good design is environmentally friendly.
10. Good design is as little design as possible.

References:
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Appendix II: Results from user perceptions
workshop
In total, twenty one students on the MSc in Architecture: Advanced Environmental and
Energy distance learrunq course participated in the workshop. Nine of the students were
from an architectural background whilst other course members comprised of a plumber, a
project manager, a planning consultant, a waste project manager, a G.P., an artist and an
I.T. consultant The remaining students were not in employment at the time of the
workshop. This enabled a broad range of insights to be elicited, from those with
professional expenence to those less experienced in the built environment professions but
still offering valuable perspectives on the buildings impact on their teaching and learning
experience.

Figure A1 Image of MSc Architecture students during the workshop at WISE
building

The worksnop Involved the students working in pairs and small groups to consider 8
questions based on their experience of teaching and learning within the WISE building.
These were presented in the form of a worksheet. The responses are presented below
with analysts.

QUESTION1. What 3 words come to mind when you think about the WISE building?

Figure A2 Frequency of Responses to Question 1
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Figure A2 reflects the responses given to the same question in the on-line survey from the
previous chapter and clearly indicates that light and space are strongly perceived and
appreciated by building users followed by other sensory and physiological responses, the
materials used and psycho-emotional responses.

QUESTION 2. Write a hrase or sentence that defines WISE as a sustainable buildin

"Innovative 'hill town' style,
large and cutting edge"

"Access to natural
resources, light and fresh
air. And minimizing impact
through passivedesign"

WISE building
environmentally responsible materials
combined with a considered approach to
user control/thermal comfort to create a
low impact building"

Figure A3 Responses to Question 2

The responses shown in Figure A3 verify a lot of the responses from the interviews and
highlight how the workshop participants perceive the WISE building as an innovative and
inspirational place to learn and generally show a strong affinity with the building. Again,
the importance of natural light and ventilation are highlighted with poor acoustics being an
area of criticism. The longevity and durability of the building is seen as important against
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short term features for mere effect and the connection to the environment and the
importance of views are emphasised.

QUESTION J. Identify the 5 most sustainable features of the WISE building.

Perceived Sustainable Features of the WISE
Building
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Figure A4 Perceived Sustainable Features of the WISE Building

Figure A4 shows the perceptions of the workshop participants as to the most sustainable
individual features of the WISE building in descending order ranging from natural light and
materials through to the green roof and solar PV. This reflects the positive impact that
certain features have on building users and it may reasonably be argued that a positive
psychological and physiological impact will have an effect on the behaviour of individuals.

QUESTION 4. Identify 5 of the least sustainable features of the WISE building.

Perceived Least Sustainable Features of the
WISE Building
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Figure AS Perceived Least Sustainable Features of the WISE Building

Conversely, Figure AS shows the least sustainable features of the WISE building as
perceived by the workshop participants ranging from poor ventilation and acoustics
through to lack of building information and too many electrical appliances. Arguably,
negative experiences can have a greater influence on building users as they directly
experience some of their personal tolerances at or beyond their psychological and
physiological comfort zones. Depending on the nature of the individual or how the problem
is portrayed this can result in a negative effect on behaviour by associating the feature
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with poor performance or it can be seen as a learning experience with positive
behavioural outcomes.

QUESTION 5. Ust 5 features of the WISE building that have been used as a teaching and
learning resource during ou~r..;;.co..;..:..u...;rs..;;e_. --,

111111111 ] 1 1 1 1 1

• • • • • •

14
Features of the WISE Building Used as a

11 Teaching and Learning Resource

6
5

3 3
222 2 2 222 2

Figure A6 Features of the WISE Building Used as a Teaching and Learning
Resource

Figure A6 shows the link between the sustainable features and their pedagogical effect. It
shows generally that almost every feature of the building is used as a teaching and
learning resource and that some of the most effective elements have a strong aesthetic
quality. Throughout the WISE case study interviews the rammed earth walls were referred
to as having the 'wow' factor and the use of natural light as impacting on productivity and
feelings of health and well-being. The other responses are no less significant as they form
part of the building as a holistic teaching and learning resource.

QUESTION 6 asked if there was anything that respondents would like to add about the
impact of the WISE building on their own learning or behaviour. The following are some of
the more pertinent responses:

• Much more could be made of the building as a learning resource with displays
explaining what features have been incorporated. It needs a library. High levels of
air tightness but not enough air changes. I the bedrooms this leads to dry mouth
and nose.

• A very pleasant environment. A large scale successful building. Aesthetically
pleasing and unquantifiable quality.

• Not much engagement with CAT as a site, activities stay within the building.

• The WISE building institutionalises sustainability. Interaction with the building is
restricted to pragmatic use. Our relationship with the environment is predominantly
through the building.
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• The sustainability of a building is not just about building physics and material
choice. Bringing nature into a building has calming effect through finishes and low
toxicity (biophilia).

• The impact of using a rammed earth building - sight, sound, thermal mass and
hygroscopic quality experienced.
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Appendix III: Usable Building Trust (UBT) Building
Use Study (BUS) occupant survey of the WISE
building.
The BUS survey methodology was developed by Building Use Studies Ltd. in 1985 and its
development was continued by Arup & Partners after 2008 in collaboration with BUS Ltd.
It was used extensively in the Probe (Post-Occupancy Review of Buildings and their
Engineering) studies a research project that ran from 1995 to 2002 under the Partners in
Innovation scheme by the organisations Energy for Sustainable Development, William
Bordass Associates, Building Use Studies Ltd. and Target Energy Services. Arguably, it
has become the de facto standard for occupant surveys.

The BUS data, normally restricted by licence, was kindly made available for this study
under a stnct confIdentiality agreement. The data has been used to support or refute
aspects of the pnmary interview data which relate to the focus of this study.

Figures 1 to 25 show responses to the Building User Survey undertaken by the Usable
BUilding Trust in relation to the user perceptions of the WISE building. This specific data
has been selected from the extensive Building User Survey to reflect the key issues
highlighted from the WISE case study Interviews, particularly in relation to the impact of
the WISE building 0 user perceptions and sustainable behaviour. Generally they support
the key flndln s to a wide vanety of issues including design satisfaction, effectiveness of
space, behaviour change, facrhties meeting needs, image of the building, healthy
environment, productivity as a result of being in the building, comfort conditions, levels of
natural lighting versus artifiCial lighting, acoustics, user control, responsiveness to
requests for chan es to heating, lighting and ventilation and transportation issues.

The overall satistaction levels are good and are particularly high for the overall design,
image to VISItOrs natural ventilation in the summer and effectiveness of responses to
requests for changes but the data shows concerns about disruptive noise levels overall,
an over reliance on artificial hghttng (though the natural light is a sustainable feature that
scores highly where it is optimised) and lack of user control for heating This generally
supports and vent es the findings from the WISE interviews. The main hypothesis of this
study IS whether sustainable buildings encourage sustainable behaviour and numerous
examples of this have been ehcited from the interviews highlighted throughout this study.
Further validation of the hypotheSIS is shown from Figure 3 which indicates that 64% of
the respondents believe that they have changed their behaviour because of conditions in
the buildIng and along with other sources of data this can be in part attributed to
sustainable f atures
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Appendix IV: Online Survey Questionnaire
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INTRODUCTION
This SLIVeY asks fcIlcw-up questions to site visits and intelViews conducted over a 2 y_ period. The 3 year PhD project is investigating six

exemplar susIBinabie buildingS and their impads on sustainable behaviour-throughout thair design, construction and oocupancy ptlases.

·behaviour that has positlve environmental, social' and/or economic outcomes.

From this study it is hoped to h~light and disseminate best practice. Please answer the questions as fully and openfy as possible, your time

and input Is greaUy valued and appreciated. JlU infotmalion will be treated in the strictest conlidence and lIJly references made to data

rewlting ficm this SIJMI!Y wm be presented anonymously or with yoor express permissiOfL

1. Personal Details

2. Job tide

o ArdVtect o Educator

o Contractor

o Facilities Manager

o Sustalnability Consultant

o Developer

OO!her
o Engineer

o Quantity SUrveyor

Other (please specify)

3. What 3 words come to mind when you think about the building?

ii

iii

4. How did the use of an environmental rating system e.g. BREEAM Impact on the
development of this building?

o NottJsed o Highly signifICant

o Essential

o Don'tfmoN

o Insignificant

o Minor significance

o Significant

Please state the rating syS1em used ami comment on the key ways. that the rating system helped or hindered this project

j
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SUSTAINABl.E BUilDINGS: SUSTAINABLE BEHAVIOUR? ,
\ K " " "

5.To what exteat were the 'olowing driven relevant to the development of this
buDding?

1rreI-m Marginal Relevant Highly Relevant EsaooiaI Oon'tKnow

Envi~aI 0 0 0 0 0 0
Economic 0 0 0 0 0 0
Educ3tionaI 0 0 0 0 0 0
50ciaI 0 0 0 0 0 0
Legislative 0 0 0 0 0 0
Others (please specify) Of Adcitional Comment

~

&. Has working 011 01" In this building changed your sustainable behaviour In any way?
No Impact Low Impact Some Impact High Impact Transtormational Don't Know

Home 0 0 0 0 0 0
lifestyle 0 0 0 0 0 0
lelSU8 0 0 0 0 0 0
PrufeaionaI 0 0 0 0 0 0
fur1her Commen1s

~

7. W.... yaa involved wItIl this project at:

o f're.<lonstruct Phase?

o CanS1ruction Phase?o PoeI-oansIrudion Ph_?
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Only complete Ins section if you were involved with the project at pre-construdion phase. If not, please scroll down
and dick 'next'.

1. Which of the following groups were Involved during the pre-constructlon phase?

DArchitect 0 Volunteer DCanIradDrIsl.O-cantrac1o

o Engineers 0 Facilities Manager 0 UIIIIr IJOlIP'&

D ~ty Con&ullant 0 BREENM.EEO""__ D0Ihs

DLocal Community 0 Teaching staff/educalionalisl£

D Student D local Authority

Other (please specify)

2. To what extent did the following stakeholders understand the purposeJfunction of
the sustaillability of this building at pre-constructlon stage?

Nal und<ntood Undenstood • lillie Undarstood most
Completely

Don'llcnow
understood

Archilecl 0 0 0 0 0
Engineer 0 0 0 0 0
Client 0 0 0 0 0
IJIIer IJCl4lIS 0 0 0 0 0
ConIrador 0 0 0 0 0
Sub-conIracIDr 0 0 0 0 0
Quantity Swwyor 0 0 0 0 0
o-Ioper 0 0 0 0 0
Local AuIhority 0 0 0 0 0
Addoticnal _Ill 011how&.ndentanding could 111M! been improved

j
3.Were aay alternative sustainable materials, technologies or methods considered at
design stage that were .ot utilised in the buDding?

ONoo Don't Know

Qv.
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SUSTAINABtE BUltDINGS: SUSTAINABLE BEHAVIOUR?

Dan'tKnow

oo
o
o
o
o

4.Were there any significant gaps in the knowledge or skills of any of the stakeholders

S. Were th.... any significant COIIIlllUnlcatlon difficulties between project teams or
individuals during the prw-construction phase? (please specify the professions
involved)

at pre-constnlction stage In relation to:

Yes No

SusIaNbIe MIIIerials 0 0
Renewable Technologies 0 0
Sustainable Construction 0 0
Uethods

Educatio .... 0 0
R~

Efficient Energy 0 0
Technologies

Ellicient WatBr 0 0
Technologies

If you .-eel yes ID any of the &bowl, how were ~ resolved?

I j
phase?
&. To what extent coald working practices have been improved at pre-constrvction
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SUSTAINABLE BUILDINGS: SUSTAINABLE BEHAVIOUR? y

7. During the pre-c:onstruction pit.. did you notice a c...... in others attitudes or
behaviours (negative or positive) toward environntental or sustainability issues for the
foUowlng criteria?

Negati\Oe Positive Don'Kncw

SustaonabIe ArchiIec:IunI 0 0 0
Energy Use 0 0 0
Recycing and Waste 0 0 0
Transportation 0 0 0
Materials 0 0 0
WaterUge 0 0 0
Management 0 0 0
Land Use 0 0 0
~ Erwironmental 0 0 0
Quality

Please comment ... any signillcant changes in atliblCle and by whom

j
8. Generaly, Is there anything you feel that could have been done differently to enhance
the sustainability of the buRding or sustaln"le behaviour of stakeholders at pre-
construction stage?

I 4
Many .... ka i:lr laking the time and _gy 10 complete thils section at the survey.
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Only complete this section if you were invofved with the project at construction phase. If not, please saoIl down and
click 'next'.

t.Were tIIere .ny practical diffICulties in interpreting the design to on-site practices?
(please specify)

I J
2. To wtaat ext_t did the use of environmental buDding rating systems e.g. BREEAM
hne an impact on the overall construction process?

o Nat Used 0 Hi~ Positive ~o No Poeitive Impact 0 Significant Positive Impact

o low PoaiIive Irr..,act 0 Don't Knowo Some PositiveI~

Further Comment

3.Were there any significant gaps in the knowledge or skiRs of any of the stakeholders
during the constnJction phase In relation to:

Renewable Technologjes Svstllinable Cons1ruction
Methods

Su8taineble Materials

D
D

D
D

Do Do
Yes

No

4. Was tIIere .. initial Induction or ongoing training programme for contractors or site
workers In reI8tion to Hstainaltle constructlo. practices regarding mat.i.ls,
resources, lllettaods or technologies?

OYes
ONo

427



SUSTAINABLE BUILDINGS: SUSTAINABLE BEHAVIOUR?
, '

S. Please enter. num..... from 0 (lowest) to to (highest) indicating to what extent you
feel the following sustainaWe factors were applied to on-site pnctices during the
construction phase?
Waste & Recyding

TI'8JlSPOrt

Health & WeI-Being

Management

PoDution

land Use

TransportaIion

&.Were there any significant co...... unicatioll difticultles between project teams or
individuals during the construction phase? (pleasa specify tile professions involved)

I j
7. To what axtent could working practices have been Improved during the construction
phase?

8. Did any of .... following 9rouPS paI1Iclpate In the construction phase?
Not inwlIw!d Partially inwhed Involved Signific:an1ly InwlYed

Community 0 0 0 0
Student 0 0 0 0
VoIunt_ 0 0 0 0
Facilities manager 0 0 0 0
BREEAMIlEEO 0 0 0 0
Teaching mtr 0 0 0 0
If irMllYed. hoW?

J
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SUSTAINABLE,BUltDINGS; SUSTAINABLE BEHAVIOUR? ss "

9. During the construction phase did you notice a change in others attitudes or
behaviours toward environmetttal or sustalnalHllty issues for the following criteria?
Pleas. rat. betwee. -4 (highly negative) to +4 (highly positive)

"" -3 -2 -1 0 +1 +2 +3 ... Oon1Know

EnergyUee 0 0 0 0 0 0 0 0 0 0
Recyding and Waste 0 0 0 0 0 0 0 0 0 0
TransportaIion 0 0 0 0 0 0 0 0 0 0
Materials 0 0 0 0 0 0 0 0 0 0
\'IWI!r Use 0 0 0 0 0 0 0 0 0 0
Management 0 0 0 0 0 0 0 0 0 0
l.w:I Use 0 0 0 0 0 0 0 0 0 0
Indoor Environmental 0 0 0 0 0 0 0 0 0 0
Quality

Please comment on any lIi~ificant chilllges in attitude or behaviour that you noticed

j
10. Generally, Is there anything you feel that could have been done differently to
enhance the sustainability of the building or the autalnable behaviour of stakeholders
during the construction stage?

I j
Many thanks lor laking the time and ~y to complete !hia section oIlhe survey.
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Only complete !hi. aection if you were involVed with the project at Ihe post-canstruction phase. If not. please scroll
down and dick 'dale'.

1. As far as you are awue towhat degree were the aims Dd objectives of deisl .....
the building to Increase sustalnabllfty aclaieved in tenns of social, economic and
envIronlMlltal criteria?

Partially ac:hitNeci

ooo

FIAIy ac:hitwedooo

OuI'tknowoo
o

AchIevedooo

Mos1Iy achievedooo

Not achifMIdooo

2. Ha. any building user guidance or training been proYided for the sustainable and
efficient operation of the building?

ONo
o Don' Know

Ov..

3. Is the building being evaluaW for post-occupancy performance for any of the
foIIowtng factors?

"- Recycling & Tran!!pOI'taion WaIer Use Building ~
Behaviour

EnetgyUsa
WasIe .. Aa:eIIs Man_.-nent Land Use Environmental

Quality

v. 0 0 D 0 0 0 D DNo 0 D D D 0 D 0 0
Don' Know D 0 D D 0 D 0 0
Ifyou an5WI!ft!d yea ID IInJ of 111_. please comment on how this is tieing acNeved

~
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SUSTAINABLE BUILDINGS: SUSTAINABLE BEHAVIOUR? Y

4. Has the use of an environmetltal rating system .. g. BREEAM had .. , direct effect on
1) the sustainable llehavlour of the occupants or 2) tile efficietlt operation of the
building?

HoChange LillfeChange Some Change
Significant

Transformational Don'KncMChange

1) 5u5taInabie Behavlco' 0 0 0 0 0 0or 0aupIW11S

2) EfflcienI Operation of 0 0 0 0 0 0
Building

It you noteda change, what was It and how was it _urad?

S. What level of personalised or individual building user control Is there for the
following systems?

NoConfrcl Some Control Most Control Complete Cootrol Don'tKn<M
Heating 0 0 0 0 0
Cooling 0 0 0 0 0
Ventilation 0 0 0 0 0
Lighting 0 0 0 0 0
AddIJonal Comments

j
6. Has tile building performed wei, In relation to the design criteria, In tenDs of til.
following:

Far below design Below del;ign
As dI!signed

Above design Far beyond design
Don' Knowexpectations 8lQ)IICtations elCpedations expectations

EnerlWeo. 0 0 0 0 0 0
Walereo. .0 0 0 0 0 0
Susminable Transport 0 0 0 0 0 0
Sustainable Materials 0 0 0 0 0 0
Bio<ivssity 0 0 0 0 0 0
Running costs 0 0 0 0 0 0
Maintenace costs 0 0 0 0 0 0
Pollution 0 0 0 0 0 0
Health & WoI~ng 0 0 0 0 0 0
Emrirorvnental Education 0 0 0 0 0 0
Management 0 0 0 0 0 0
Additional Comments

j
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SUSTAINABLE BUILDINGS: SUSTAINABLE BEHAVIOUR? :
, h

7. To what extent has the balding hacf an Impact on the attitudes and/or behavioun of
the foUowIng balding users or visitors toward environmental or sustainability Issues?

No Impact Low Impact Moderate Impact Significant Impact High Impact Oon'Know
Teadling Staff 0 0 0 0 0 0
S1tJdera 0 0 0 0 0 0
PoRnts 0 0 0 0 0 0
Maintenance SIaff 0 0 0 0 0 0
'WsiIurs 0 0 0 0 0 0
General Staff 0 0 0 0 0 0
Cornrnmity Group& 0 0 0 0 0 0
SchooIImpecIDrs 0 0 0 0 0 0
Other 0 0 0 0 0 0
If you noted 8ft impact. what form did thi& lake?

J
8. Please rate on a scale of 1 (lowest) to 9 (highest) how well 'OU feel the building has
performed as an educational resource In temas of changing attitudesJbehaviour of
students or visitors in relation to the following environmental issues:

1 2 3 4 5 6 7 8 9

Sustainable Transport 0 0 0 0 0 0 0 0 0
Sustainable MaterIals 0 0 0 0 0 0 0 0 0
En«gy Elliciency 0 0 0 0 0 0 0 0 0
Renewable Energy 0 0 0 0 0 0 0 0 0
WaIs Consetwation 0 0 0 0 0 0 0 0 0
Biodiwnity 0 0 0 0 0 0 0 0 0
Heelth & We~eing 0 0 0 0 0 0 0 0 0
Pollution ,0 0 0 0 0 0 0 0 0
Environmental Marlagernent 0 0 0 0 0 0 0 0 0
Additional ec.rnm..ts

J
9. In your opinion what key features of this building have had the greatest Impact
(positive or negative) in terms of enviromnentalawareness and sustainable behaviour?

I j
iD. Are th .... any other features of the building you feel would enhance teaching and
leamint about the environment or significantly encourage sustainable behaviour?

I j
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SUSTAINABLE BUILDINGS: SUSTAINABLE BEHAVIOUR?
11. Do you feel there Is there anything that could be don. differently at post-
construction stage to Increase the level of sustainable behaviour of the occupants of
the building?

Many thanks for lating the lime and energy to c:ompIeIe this section of the tAKYeY.
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Appendix V: Interview Questions
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Appendix VI: Publications arising from this thesis

The following three documents based upon the work reported in the present thesis have
been published prior to its submission:

Clarke, J. L, {2009} To what extent do sustainable buildings encourage sustainable
behaviour? Proceedings of the Royal Geographical Society Annual Conference,
University of Manchester, 26-28 August, 2009.

A peer-reviewed published paper and oral presentation.

Clarke, J. L., and Pretlove, S. {2010} Sustainable buildings that encourage sustainable
behaviour. Proceedings of The International Solar Energy Society and The Centre for
Efficient and Renewable Energy in Buildings Conference, London South Bank University,
23-24 June 2010.

A peer-reviewed published paper and poster presentation.

Clarke, J. L., and Pretlove, S. {2011} To what extent do sustainable buildings encourage
sustainable behaviour? World Sustainable Building Conference 2011 (SB11), Helsinki,
18-21 October 2011.

A peer-reviewed published paper and poster presentation.
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Appendix VII: Transcript summary and example of
coding methodology
The elements highlighted in green reflect responses to one of the identified
categories, 'Impact on user behaviour and perceptions' from the post-construction
phase questions, question 4, as highlighted in Appendix Von page 434.

Summary
Interviewee is course technician based in WISE with a background in biology and
conservation. Previously worked on site in a building with poor energy efficiency and poor
provision for health and well-being. Perceives main drivers for WISE building as space for
the increasingly popular courses and conferences. Considers the WISE building to be
'leaky', 'posh' and 'nice'.

ideas about sustainability.
Example, flat roofs for aesthetics but

in the local rainy climate have leaked (also result of poor workmanship and detailing).
Course participants are deliberately shielded from building failures.

Critical of design and reliance on e.g. motion sensors in toilets
shielded from cubicles, therefore lights go out and motion sensors are not triggered by
movement in cubicle.

elements of the WISE building.
Interviewee questioned the recyclability of

and needs to
maint~in its design aspirations which could be undermined by focussing on educational
b~neflts. How do you reconcile contradictory functions? Unlike demonstration house on-
site, the. 'Whole House' which as a result conveys the sustainability message better
because Its features are (explicitly) presented to you.

. ~isplay requires transparency which by definition was evident during
construction phc~seW~lc.hcould be used for educational purposes. Limited opportunities
because of on-site logistics with contractors and health and safety.

'everyone strokes the rammed earth wail'. The rammed earth has the
same compressive strength as a brick but little tensile strength and can therefore be
demolished easily.

Interviewee has direct contact with the Building Management System
operator as part of his role and on a personal level and can therefore influence comfort
levels. These are highly subjective. Interviewee will have window open for ventilation and
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feeling of well-being despite heating being on, in
People generally operate appliances sustainably.

judging by positive responses from the
official opening but eco-side seen as an add-on. As the contractor went bust and the
project became the subject of expensive litigation a fundraising ca had to be

YC",UIJ<;'U which served to galvanise people around the project and
WISE is also seen as an ethical building because of its function

for environmental education.

Integrative design not very evident with architect and engineer worki
resulting in compromise and poor functionality e.g. conduit was
difficult to repair/maintain.

Difficulty of building project with sustainability as key element is holding on to the dream or
allowing it to slip, ending-up with law of averages, lowest common denominator.

Is a practical example of sustainable
tor'hn,nlr"",,, and systems in use. WISE is a good building to teach in.

for sustainability. Human adaptability and improvisation is needed to
tackle climate change.

The table below shows the next stage of the process of coding the data enabling re-
examination of the categories identified to determine how and if they are linked moving
beyond description and beginning to categorise and analyse the data. This is called
'analytic' or 'theoretical' coding.

• Environmental awareness impacts use and behaviour

'WOW' factor (form versus function)

Mis-placed technology

Challenges perceptions about eco-buildings - can be mainstream

Staff are generally more critical

Demonstration versus functionality

Buildings impact on user behaviour and perceptions

•
•
•
•
•

• Rammed earth has elemental impact - smell, touch, visual

Influence on comfort and control closely related to role and relationships

Value-action gap exists even when aware of contradictory behaviour

Adapting and personalising spaces after construction is important for users

Visitors are 'impressed'

Sense of ownership is important

Need for stakeholders to hold on to sustainable design aspirations

Elements of over-engineering

Building is a practical example of sustainable materials, technology and systems

A good building to teach in providing a strong sustainability narrative

•
•
•
•
•
•
•
•
•
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AnalyticlTheoretical Coding

X: User behaviour is highly variable.

Y: Users have strong expectations of performance, function and aesthetic of space

After examining data that might support the claim that the variability of user behaviour will

impact the expectations of users for the performance, function and aesthetics, the claim

can be turned around and examined the other way (Y; then X):

Y: Users have strong expectations of performance, function and aesthetic of space

X: User behaviour is highly variable.

Whether the expectations of users impact their level of behaviour.
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Appendix VIII: Interview transcripts
The enclosed disc contains the transcripts from all 22 of the case study interviews. Each
transcribed interview is accessible separately under each of the five case study heading s:

A) WISE TRANSCRIPTS

8) DACE TRANSCRIPTS

C) CORE TRANSCRIPTS

D) GENESIS TRANSCRIPTS

E) SIDWELL TRANSCRIPT

The disc is located on the inside of the back cover of this thesis
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