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Chapter 1
Building Sustainable Futures: An Ever 
Changing Policy Agenda

Mohammad Dastbaz and Ian Strange

1.1  Introduction

The rapid growth of population in the twentieth century and its continuation in the 
twenty-first century (pushing the world population to over 7 billion), together with 
ever-increasing demands on our planet’s dwindling natural resources, has created a 
crisis of enormous magnitude that can no longer be denied. Numerous global initia-
tives led by the United Nations (UN) and other international and national agencies, 
aimed at the growing impact of environmental damage on every aspect of our lives, 
have created a sense of urgency to act (and to act now) before it is too late.

The UN “Climate Summit” in September 2014, where 120 world leaders at-
tended, started its deliberations with the assumption that “climate change” is not a 
problem for tomorrow but is here today, and is the one which is disrupting our lives 
and every aspect of our development. Sustainable use of our natural resources, sus-
tainable production, use of low carbon and renewable energy sources, sustainable 
transport and a planned approach to the controlled urbanisation were among some 
of the key challenges discussed at the summit.

Perhaps the most worrying and disappointing aspect of the 2014 summit was 
to note that despite early initiatives and declarations signed by world leaders, little 
progress had been made to halt the tide of further large-scale environmental damage 
to our planet in advanced industrial as well as developing countries. It is also worth 
mentioning that it was almost exactly a decade ago that the International Confer-
ence on Population and Development (ICPD), held in Cairo, Egypt in 1994, placed 
humans at the centre of development and stated that:
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Sustainable development as a means to ensure human well-being, equitably shared by all 
people today and in the future, requires that the interrelationships between population, 
resources, the environment and development should be fully recognized, appropriately 
managed and brought into harmonious, dynamic balance. To achieve sustainable devel-
opment and a higher quality of life for all people, States should reduce and eliminate 
unsustainable patterns of production and consumption and promote appropriate policies, 
including population related policies, in order to meet the needs of current generations 
without compromising the ability of future generations to meet their own needs.
ICPD Programme of Action, Chap. II, Principle 6 (UN 1994)1.

1.2  Historical Context

A large portion of the existing literature seems to suggest that the idea of “sustain-
able development” first surfaced in the early part of the twentieth century and was 
put on various national and international agendas following the “Earth Day” held on 
22nd April in 1970, where millions gathered (organised by G. Nelson in the USA), 
and then the first international conference on “the human environment” held in 
Stockholm, Sweden in 1972.

A more comprehensive exploration of historical events suggests that as early as 
the fourteenth century, processes were being put in place to safeguard our environ-
ment. Among these, one can name the English Parliament Sanitary Act, passed in 
1388, which prohibited the throwing of filth and garbage into waters and rivers. 
However, it is in the nineteenth century that the majority of our contemporary sus-
tainability challenges have their origin. The dawn of the Industrial Revolution and 
the growth of machine-based industries changed the face of our planet for good. The 
replacement of the farming/cottage-type production industry with large factories 
changed our world, and signalled the beginnings of monumental change, innovation 
and immense scientific discoveries. The Industrial Revolution also fundamentally 
changed Earth’s ecology and humans’ relationship with their environment. One of 
the most immediate and drastic repercussions of the Industrial Revolution was the 
explosive growth of the world’s population.2 According to Eric McLamb, with the 
dawn of the Industrial Revolution in the mid-1700s, the world’s population grew by 
about 57 % to 700 million, would reach 1 billion in 1800, and within another 100 
years it would finally grow to around 1.6 billion.

A 100 years later, the human population would finally surpass the 6 billion 
mark.3 This phenomenal growth in population put enormous pressure on the planet, 
forcing it to cope with a continuously expanding deficit of resources.

It is clear from Fig. 1.1 that between the 1950s and 2000, the planet’s population 
doubled in size, and it is also important to state that at this stage for the first time in 
our history, there are more people living in the cities and urban areas than outside 
the cities.

1 UN Publication. (2012)
2 Dastbaz et al. 2015
3 McLamb 2011
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In a report by Stuart Hart, published in the Harvard Review in 19974, it is stated 
that the total “environmental burden” ( EB) emerging from our impact on the planet 
is the function of three key factors. These are: population ( P), affluence ( A—proxy 
for consumption) and technology ( T—proxy for how wealth is generated). Accord-
ing to this report, the total EB can then be expressed as:

1.3  Sustainable Development

In 1983, the UN set up the “World Commission on Environment and Development” 
(WCED) headed by Harlem Brundtland, the Prime Minister of Norway. The aim of 
this commission (that came to be known as the “Brundtland Commission”) was to 
focus on looking into environmental and developmental problems and to suggest 
possible solutions to the UN and its members. In 1987, the Brundtland Commission 
published its first major report titled: “Our Common Future”, which had a major 
impact on the “sustainable development” debate and significantly influenced the 
Earth Summit in Brazil in 1992 and the third UN Conference on Environment and 
Development in South Africa in 2002.

“Our Common Future”—Chap. 25, “Towards Sustainable Development”, pro-
vides a comprehensive and insightful debate covering the key aspects of sustainable 
development and the key challenges facing human society. The report stated:

4 Hart 1997
5 Bruntland Commission. (1987)
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The satisfaction of human needs and aspirations in the major objective of development. The 
jobs—are not being met, and beyond their basic needs these people have legitimate aspira-
tions for an improved quality of life. A world in which poverty and inequity are endemic 
will always be prone to ecological and other crises. Sustainable development requires meet-
ing the basic needs of all and extending to all the opportunity to satisfy their aspirations for 
a better life…

Following the Brundtland Commission report, the “Earth Summit” in Rio in 1992 
was viewed as a turning point in the debate about sustainable development. For the 
first time since the end of World War II, over 100 heads of state and government 
together with delegations from over 170 countries attended the “Earth Summit” to 
chart the course of human sustainable development into the next century. As part of 
this summit, world leaders discussed and signed an international convention on “en-
vironment and development” and an “agenda” for the twenty-first century (which 
was later called Agenda 21). The secretary general of the United Nations Confer-
ence on Environment and Development (UNCED), Maurice Strong, summarised 
Agenda 21 as, a “program of action for a sustainable future for the human family 
and a first step towards ensuring that the world will become a more just, secure and 
prosperous habitat for all humanity”.6

1.4  Current Agenda

The “Millennium Summit” of the United Nations in 2000 established a number of 
“Millennium Development Goals” (MDGs) which highlighted areas of concern and 
the agenda for developing the sustainability debate across the world. Eight MDGs 
were identified which are listed below:

• Eradicate poverty and hunger (MDG1)
• Achieve universal primary education (MDG2)
• Gender equality and empowering women (MDG3)
• Reduce child mortality (MDG4)
• Improve maternal health (MDG5)
• Combat HIV/AIDS, malaria and other diseases (MDG6)
• Environmental sustainability (MDG7)
• Global partnership and development (MDG8)

The main issue of focus for this book of course is MDG7, which is “environmental 
sustainability” with particular attention on sustainable design and the built environ-
ment.

One of the challenges identified in the literature dealing with “sustainable de-
sign and built environment” is the different viewpoints and approaches between 
industry, business and environmental campaigners and researchers and academia, 
and how to bridge the gap between the differences and, more importantly, how to 

6 For more information see http://yosemite.epa.gov/r10/oi.nsf/Sustainability/History.
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tackle the issues facing our environment. In a report published by Price Waterhouse 
Cooper titled: “The Sustainability Agenda: The Industry Perspective”, the authors 
point out that:

Many in business have long viewed sustainability—efforts to avert climate change, for 
example, or to improve education in underserved neighbourhoods—a matter of corporate 
philanthropy, with no relevance to their corporations’ core strategies. The costs of such 
activities were seen as detracting from profitability and accounted for on a public relations 
line under marketing; their scope was limited but they were promoted with considerable 
fanfare.7

The report goes on to suggest that there is a clear shift in business attitudes, with 
responsiveness and sensitivity to environmental requirements gaining ascendency 
and becoming the dominant discourse amongst large corporations. Sceptics would 
point out that, to date, most large-scale environmental damage is caused and con-
tinues to be caused by big corporations (one could name: the Exxon Valdez oil spill 
that occurred in Prince William Sound, Alaska in 1987; or the BP Oil Spill, where 
more than 200 million gallons of crude oil was pumped into the Gulf of Mexico for 
a total of 87 days in 2010) or by reckless states policies across the world. In our 
view, this remains one of the greatest challenges facing our society and sustainable 
development. One would hope that the growing worldwide awareness and public 
opinion (supported by substantial research-informed evidence and suggested alter-
natives) would pave the way for a different course of development.

The substantial and growing body of literature dealing with sustainable devel-
opment and the built environment points to a number of critical factors that need 
serious consideration. These are:

• Population growth
• Urbanisation and poverty
• Pollution and the challenge of developing renewable and sustainable energy
• Resources—(land and water availability and use)

The chapters in this book have addressed some of these key challenges. In particu-
lar, they have illustrated the variety of interpretations and views on what constitutes 
sustainable development between industry, business, government, environmental 
campaigners and community groups, and the complex nature of navigating through 
these interpretations. As mentioned already, the literature on sustainability and sus-
tainable development is a large and ever-growing one. At one level, it is a literature 
that is steeped in representations of how we globally construct collective ways to 
understand sustainability, producing the knowledge and belief systems that under-
pin global response to global threats and challenges8. This is also about how, for ex-
ample the UN works to establish geopolitical commitments to realising sustainable 
development, or how European policy and sustainable development indicators are 
embedded in the political and policy practices of the European Union, or how na-

7 See: www.pwc.com/co/es/responsabilidad-corporativa/assets/sust-agenda.pdf published 2008.
8 Bruntland Commission. (1987)
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tion states implement sustainable development policy across internal departmental 
and policy sectors.9

Despite this extensive literature, with its numerous policy documents and state-
ments at different scales, at international, national and sub-national levels, the volu-
minous amounts of words and text speaks to continuing shortfalls and weaknesses 
in how we put into practice the principles of sustainable development, as well as the 
superficiality of the ways we seek to integrate economic, social and environmental 
agendas over time. In terms of economic impacts, such as, for example fluctuations 
in growth and/or recessionary trends, persistence of cycles of economic boom and 
bust and continuing levels of high unemployment or variations or imbalances be-
tween economic activities among regions,10 it is clear is that in neoliberalist econo-
mies there are disparities and inequalities across all the dimensions of sustainability, 
which are likely to continue over the long run. Similarly, the societal impact of this 
is difficult to address, with much of the literature pointing to a continuing prob-
lem in addressing poverty and/or creating stronger prospects for social inclusion.11 
Moreover, the ways in which we are currently addressing environmental sustain-
ability provide further evidence of the challenges facing us, and that significant 
commitment and substantial change is needed to avoid future economic, social and 
environmental catastrophes12.

It is clear that tackling sustainable development at whatever level is to be a long 
haul. The transitory and dynamic nature of the dimensions of sustainability almost 
without question ensures that both the practice and process of becoming more 
sustainable (let alone achieving some level of sustainable development) is a slow, 
complex and incremental task. The United Nations World Economic and Social 
Survey13 report is instructive here. It reminds us that despite progress in reaching 
world poverty reduction where there were 700 million fewer people living in con-
ditions of extreme poverty in 2010 compared with 1990, there is still much to be 
done to achieve the UN MDGs. The world continues to be faced with major chal-
lenges across the economic, social and environmental dimensions of sustainability. 
Despite the actions to address some of these issues (for example the implementation 
of Agenda 21 and the UN Conference on Sustainable Development 1993) major 
issues of global poverty, inequality and unsustainable consumption and production 
patterns persist. The 2013 UN World Economic and Social Survey makes it clear 
that a “business as usual” approach will not work as we continue to face challenges 
around, which are as follows:

• Climate change and the need to develop more integrated approaches to the man-
agement of natural resources and ecosystems;

• Hunger, malnourishment and food security issues in many countries (both devel-
oping and developed);

9 European Commission (2010); Department for Environment (2011); United Nations (2012)
10 Aiginger et al.(2011)
11 MacInnes et al. (2014)
12 United Nations. (2011)
13 United Nations World Economic and Social Survey. (2013)
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• Continuing and rapid urbanisation (particularly in the developing countries);
• Income inequality and the threat of social conflict;
• Increasing energy demands that are likely to remain unmet for millions of people 

(unless there are improvements in access to energy services;
• Instability in global financial markets and the threat of financial crisis leading to 

difficulties in financing policies and actions for greater sustainable development.

As outlined earlier in this chapter, these challenges have been informed and influ-
enced by broader trends that have had a major global impact, for example shifting 
demographic characteristics and trends across the world, continuing environmental 
deterioration, resource depletion and significant advances in new technology. As the 
work of the UN highlights, more integrated understanding of these trends and how 
they link together to have varying economic, social and environmental impacts on 
particular places is necessary for more effective policy responses to be formulated.14

1.5  Buildings, Technology and Design

Chapters in Sect. 1.1 of this book are dedicated to demonstrating that the key to 
achieving any degree of success in making sustainable buildings is how we use 
technology, and the ways technology is used innovatively in the construction pro-
cess. Such technological innovation is key to the transformative responses we need 
in relation to how we tackle, for example environmental pollution and energy con-
sumption. As the UN Word Economic and Social Survey states:

Changes in consumption patterns can drive the creation of new technologies necessary 
for sustainability and their adoption and diffusion at the desired pace. Success in bringing 
about these changes will require substantial reorganization of the economy and society and 
changes in lifestyles. Economic and financial incentives for the creation and adoption of 
new technologies will be needed which may include innovative policy reforms.15

At a global level, changes in the way we use energy will be a key feature of the 
continuing drive towards environmental sustainability. Emissions trends point to-
wards only limited success in reducing greenhouse gases by 2050, even with greater 
use of renewable energy sources and more efficient use of energy. Similarly, while 
some of our cities may be less polluted now than they otherwise would have been 
if no actions had been taken, global targets for reductions in CO2 will be difficult to 
meet. The examples in this book show that there are a number of ways to reduce the 
energy consumption of buildings in their construction and in the use and occupancy 
of a building. A key area of challenge facing us is the energy performance of build-
ings. The chapters by Gorse et al. demonstrate that what makes a building sustain-
able is difficult to define and is highly dependent on the approaches to sustainable 
construction adopted at the outset of a project. In Chap. 2, Gorse et al. highlight the 
key attributes of what makes a building sustainable, but more importantly shows 

14 United Nations. (2012)
15 UN United Nations World Economic and Social Survey. (2013)
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how sustainable goals need to be determined at an early stage in the development of 
a project to give the best possible opportunity for sustainability goals and targets to 
be met. In its explanation of the surveying and measuring of the thermal properties 
of buildings, Chap. 3 by Gorse et al. points to the significance of how the energy 
performance of buildings varies and that a building’s differing patterns of energy 
consumption is a complex process and necessitating closer measurement and as-
sessment if buildings are to become more sustainable. By monitoring the building 
performance in the field as it were, their results point to key insights that will inform 
future iterations of building design in a move towards greater energy efficiency. 
Indeed, many of the chapters in this section are illustrative of the following:

…sustainable development pathways share common features. First, the sooner the imple-
mentation of policies starts, the greater the technological flexibility and the less costly the 
actions required. Second, policies increasing efficiency in the delivery of energy services 
can go a long way. Perhaps the most important insight provided by scenario analyses is 
that the world can go a long way towards controlling emissions, if it invests decisively in 
energy efficiency.16

Such a transition to better uses of energy and to a low carbon future requires policy 
environments that enable change and that creates policy space and coherence; inter-
national financing; international cooperation; and enabling international institu-
tions, establishing rules and norms.17

The technology options outlined throughout the chapters in Sect. 1.1 show that 
there are potential paths to reductions in energy consumption that the construc-
tion sector can offer. However, what they also highlight is that such paths require 
boldness, ambition, cooperation between stakeholders, financial investment and, 
crucially, changes in the behaviour of those who build and use the spaces in which 
we live and work. In particular, the chapter by Wong, So and Platten reminds us that 
the sustainability agenda does not solely relate to fixing the energy demands and 
performance of buildings. Other concerns such as water conservation and the use of 
green infrastructure in the construction of the building are also key to a building’s 
sustainability credentials. Equally, their analysis is a useful reminder that sustain-
able construction objectives are not simply a result of following building codes 
or new design methodologies. What is equally important is how projects are led 
and managed (by client and developer) if more sustainable outcomes are to flow 
through the construction process. In their discussion of a key development in Hong 
Kong, it is clear that developer’s objectives to maximise the building’s green cre-
dentials was a key reason for the use of building information modelling (BIM) from 
the beginning of the construction process. Coupled with features such as modular 
off-site production of standard components, time was saved along with the elimina-
tion of waste in the building process. The example used by Wong, So and Platten 
also shows that a development in a densely populated and complex setting such as 
Hong Kong can produce buildings constructed to strong environmental standards. 
What this suggests is that the future moves to the zero carbon building could be 

16 United Nations World Economic and Social Survey. (2013)
17 United Nations World Economic and Social Survey. (2013)
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focussed around developing the performance of the building fabric and the use of 
more passive technologies.

Section 1.2 of the book is dedicated to a number of world class case studies and 
exemplars that demonstrate that for cities and urban areas, cooperation between dif-
ferent layers and levels of interest is necessary for effective approaches to sustain-
ability to be developed. The examples used in the chapters’ are suggestive of how 
more democratic and plural approaches to policy offer the best opportunities for 
stronger and more effective policy and sustainable development outcomes. Integra-
tion and coordination across a range of areas such as land use, infrastructure devel-
opment, food security and the provision of housing (which the chapters highlight) 
are crucial for greater urban sustainability requiring the cooperation and co-working 
of public, private and voluntary sectors in the effective management of urban devel-
opment. Equally, the chapters make it clear that a singular approach to responding 
to the local impacts of global sustainability challenges does not work, and that more 
nuanced approaches that take account of the priorities, policies and local contexts 
of towns and cities is what is more likely to produce locally effective responses to 
global problems. As the 2013 United Nations World Economic and Social Survey 
reminds us: … measures of sustainable development progress also need to be tai-
lored to the particular challenges and opportunities identified and prioritized by the 
cities’ main stakeholders.18

The chapter by Bradley and Haigh focusses on the problematic nature of the 
representation of what constitutes sustainable communities providing a clear dem-
onstration of how the notion of “community” in the sustainability debate has shifted 
to accommodate particular practices of sustainability. They provide a powerful ar-
gument that the idea of the sustainable community has been used as a way to further 
exacerbate inequality and social division rather than address and balance economic, 
social and environmental objectives. Yet it also demonstrates how the idea of the 
sustainable community can be seen as a form of localised politics infused with 
redistributive justice, but one offering an ambiguous and contradictory model for 
a reconfiguration of the welfare state. This might be seen in the movement toward 
neighbourhood planning that they describe in their chapter, a movement which 
could offer a way to work at a more local/community and people-oriented level. 
Rather than simply seeing localism as yet another policy programme that privileges 
planners and planning and that pushes a political preference for growth and denies 
a space for environmental and social agendas, it is possible to see this as another 
opportunity to challenge planning’s assumptions and orthodoxies (as was tried in 
the 1970s, but which was overrun in the long wave of neo-liberalism from the 1980s 
onwards). Even if we do not agree with the ideological drive of the variant of lo-
calism outlined by the sustainable communities agenda, or if we see the turn to 
neighbourhood planning considered in Bradley and Haigh’s chapter as just another 
example of an ill thought out policy, the idea of a more locally accountable planning 
practice is a seductive and attractive one, which it seems, will only assume greater 
importance and significance—and not just in the UK.

18 United Nations World Economic and Social Survey. (2013)
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1.6  Focus on Design

A focus on design is key to making places better and to improving place sustain-
ability. The chapter by Smales and Warhurst illustrates this through its focus on how 
key design principles can be used to help local communities develop a way to think 
(and rethink) what constitutes sustainability for their local areas and neighbour-
hoods. While the examples used in the chapter are local, the implications of how 
to create and deliver better places through (such examples as the Incredible Edible 
Todmorden (IET) project) have much wider applicability. The bottom up approach 
of the IET project (in its attempt to tackle local food security issues) has much to 
tell us about local action through local leadership and how local action can work 
to address key sustainability issues such as climate change and developing greater 
inclusivity. Such action reminds us that while we are all subject to broader patterns 
of change which often feel (and indeed are) beyond our individual control, there 
is still space for individual and community action to offer alternative responses to 
dealing with that change, and in so doing, help to create the context within which to 
help shape the places and spaces that we inhabit and use on a daily basis.

At a scale that moves beyond the local, the discussion by Simson and Ostoic 
shows us that urban change is a constant feature of contemporary life, and more-
over that the pace of urban change is only likely to quicken as we move through 
the twenty-first century. Adjusting to this feature of our lives (or rather readjusting 
to continuous urban change) will be crucial to the creation and maintenance of 
sustainable urban environments. Here, Simson and Ostoic make a strong case that 
does not just call for urban densification as a way to create more multifunctional 
and liveable and open space, as all too often this approach has not been as success-
ful as had been hoped. Equally, their analysis draws our attention to the sometimes 
limited impact of urban design in not creating more sustainable spaces (compare 
for example with the arguments of Smales and Warhurst in this volume). Perhaps 
their most important point is that the role of urban design and the creation of green 
infrastructure in cities is at a key moment, or turning point, where hard choices 
have to be made over whether our current approaches to the physical greening of 
cities is to be merely cosmetic or is to forge a new alliance between built form, grey, 
green and blue infrastructure that will establish a hybrid, more creative, approach 
to sustainable urbanism.

1.7  A Final Note

In a message to the 2012 Conference of the Association of European Schools of 
Planning (AESOP) the geographer and social theorist David Harvey issued a warn-
ing to planners (and by implication others in the built environment professions) that 
we were entering the “the end game of urbanisation” which would present those 
charged with making urban spaces better with three key challenges requiring a radi-
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cal rethink about what type of urban environments we might want to live in. The 
first of these was the need to tackle global inequality and poverty. The second was 
the threat of environmental degradation and environmental change making planners 
have to rethink what urbanisation is about and focussing their attention on the quali-
ties of land, air and water—encouraging them to think about this in imaginative 
ways. And, the third challenge was the need to rethink the growth complex of capi-
talism, urging us to move towards growth that is both environmentally beneficial 
as well as being socially just. All of this of course requires new ways of urban liv-
ing, combining new ways of production and consumption. In small, but significant 
ways, the issues discussed by the authors in this book have in many ways responded 
to that call, and more importantly offered both socially informed and technically 
literate responses to the global and local challenge of working to make the place and 
spaces we inhabit more sustainable.

References

Aiginger K, Barenthaker-Sieber S, Vogel J (2011) Competitiveness under new perspectives. Work-
ing Paper No. 44. Welfare Wealth Work for Europe, European Commission

Bruntland Commission (1987) Our common future. World commission on environment and devel-
opment report. http://www.un-documents.net/ocf-02.htm#I. Accessed 24 Feb 2015

Dastbaz M, Pattinson C, Aghkar B (2015) Green information and communication technologies—a 
sustainable approach. Morgan Koffman, Burlington

Department for Environment (2011) Mainstreaming sustainable development: the government’s 
vision and what this means in practice. Department for Environment, Food and Rural Affairs

European Commission (2010) Communication from the Commission, Europe 2020, A strategy for 
smart, sustainable and inclusive growth, European Commission, Brussels. http://ec.euro,pa.eu/
europe2020/index_en.htm. Accessed 24 Feb 2010

Hart SL (1997) Beyond greening: strategies for a sustainable world. Harv Bus Rev 75:66–76
MacInnes T, Aldridge H, Bushe S, Tinson A, Born TB (2014) Monitoring poverty and social exclu-

sion 2014. Joseph Rowntree Foundation, New Policy Institute, pp 6–8
McLamb E (2011) Ecological impact of industrial revolution. http://www.ecology.com/2011/09/18/

ecological-impact-industrial-revolution/. Accessed 27 Feb 2015
United Nations Population Fund (2012) Population matters for sustainable development. http://

www.unfpa.org/public/cache/offonce/home/publications
UN United Nations World Economic and Social Survey (2013) DESA. p viii
United Nations (2011) Cities and climate change: global report on human settlements
United Nations (2012) Report on the United Nations Conference on Sustainable Development, 

United Nations, New York. http://www.uncsd2012.org/content/documents/814UNCSD%20
REPORT%20final%20revs.pdf. Accessed 27 Feb 2015

United Nations World Economic and Social Survey (2013) DESA 2013. p vi
United Nations World Economic and Social Survey (2013) DESA 2013. P xi
United Nations World Economic and Social Survey (2013) DESA. p xiv
United Nations World Economic and Social Survey (2013) DESA. p xv

http://www.un-documents.net/ocf-02.htm#I
http://www.ecology.com/2011/09/18/ecological-impact-industrial-revolution/
http://www.ecology.com/2011/09/18/ecological-impact-industrial-revolution/
http://www.unfpa.org/public/cache/offonce/home/publications
http://www.unfpa.org/public/cache/offonce/home/publications
http://www.uncsd2012.org/content/documents/814UNCSD%20REPORT%20final%20revs.pdf
http://www.uncsd2012.org/content/documents/814UNCSD%20REPORT%20final%20revs.pdf


15© Springer International Publishing Switzerland 2016
M. Dastbaz et al. (eds.), Building Sustainable Futures,  
DOI 10.1007/978-3-319-19348-9_2

Chapter 2
Surveying and Measuring the Thermal 
Properties of Buildings

Christopher Gorse, Melanie Smith, David Glew, Felix Thomas,  
Dominic Miles Shenton and David Farmer

The energy performance of buildings and the ability to accurately predict energy 
demand is of global importance. As the relative cost and environmental impact of 
harnessing energy increases so does our need for energy efficiency. Designing, con-
structing and retrofitting buildings to be more energy efficient requires a thorough 
understanding of the way each building behaves and responds to its climatic varia-
tions. Although the measurement of a building’s energy consumption is straight-
forward, understanding why consumption differs from that expected requires 
a detailed and systematic building performance analysis. The way a building is 
assembled and retrofitted affects performance, and thus each aspect of a building’s 
makeup should be measured or monitored to understand its behaviour. When at-
tempting to understand the performance of a building, it is important to consider 
each element, the components used and the way that they interface to perform as a 
whole. The measurement of building components in the laboratory is relatively well 
documented but the testing and measuring of buildings once constructed in the field 
is an emerging science. This chapter presents the methods used to survey, measure 
and monitor building performance in the field and how the work is being used to 
inform the next generation of energy-efficient buildings (Fig. 2.1).

2.1  Energy Performance Directive: The Need  
for Measurement and Control

The built environment is a major energy user. Across the EU, buildings account for 
approximately 40 % of total energy used, currently consuming more energy than 
all forms of transportation combined. As power sources change and become more 
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expensive, this statistic is increasingly unacceptable and the need to reduce and 
control energy demand is crucial.

The majority of the energy spent in buildings is used for space heating and con-
ditioning, totalling 70 % of energy consumed. To tackle the problem, the European 
Union has enacted regulations such as the EPBD (2010) and the EED (2012) to 
promote energy efficiency in the built environment and achieve 20 % of its primary 
energy saving target by 2020.

One of the challenges to deliver the energy-saving targets is to ensure that the 
energy efficiency actions taken in the built environment affect real-world energy 
consumption. Unfortunately, recent studies (Bell et al. 2010; Bordass et al. 2001; 
Carbon Trust 2011; Galvin 2014; Gorse et al. 2011, 2012a; Johnston et al. 2014) 
indicate that large ‘gaps’ exist between the theoretical and actual performance of 
buildings, regardless of the level of energy-efficient measures adopted. Further-
more, the studies of retrofit projects have demonstrated a similar deviation between 
that of the intended and as-built performance (Miles-Shenton et al. 2011; Stafford 
et al. 2012a, 2014).

2.2  Factors Contributing to Performance Variance

Variables that affect building energy performance arise from laboratory predictions, 
simulations and designs that do not account for real-world environmental condi-
tions. The building exposure, user operation, surrounding buildings and vegetation 
will all contribute to differences in real-world performance. In addition, variances 

Fig. 2.1  Surveying to understand thermal properties
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in workmanship and build quality often go undetected during commissioning pro-
cesses and add to the discrepancy. Once built, a lack of user understanding and 
inadequate energy feedback to the user or facility manager result in substandard 
operation and maintenance. All of these factors result in actual energy performance 
and operation being significantly different from predictions. Optimal performance 
of buildings will only be achieved where information is fed back to the user and all 
of those involved in design, construction and operation.

In order to ensure real performance, it is essential that the energy-efficient tech-
nologies used in buildings do more than simply satisfy regulations based on design, 
theory and laboratory testing. Genuine, measurable efficiency improvements in 
real-world environments must be achieved.

Unfortunately, many current claims of thermal efficiency for buildings and 
building products are based on ‘nominal’ assumptions, theoretical models and 
extrapolations from laboratory test data; the result of which often do not corre-
spond to real-world performance. The in-situ data currently available regarding 
real-world performance of energy-efficient building technologies are sparse and 
limited to only a few research institutes. Yet, these data universally suggest that 
there is a significant discrepancy between the predicted and the measured real-
world performance.

Without real-world measured data, it is impossible to guarantee energy perfor-
mance claims and to design and implement effective programmes and practices 
that can result in the intended impact on the energy performance of buildings. The 
first step towards ensuring and validating the effectiveness of efficient building 
programmes, therefore, is to measure, identify, understand and address the gap 
(Fig. 2.2).

Fig. 2.2  Percentage discrepancy between measured and predicted heat loss in buildings tested by 
the LSI. Most buildings showing a greater percentage of heat loss than designed. (Stafford et al. 
2012b; Gorse et al. 2012b)
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The work published in the UK revealed very wide variations in expected fabric 
performance for both new and retrofit properties (see Fig. 2.2). This variance was 
found regardless of whether the buildings were of standard or built to enhance their 
thermal capabilities. With regard to some retrofit properties, buildings were found 
to exceed their expected performance, and this was due to a failure to obtain reliable 
existing building data. With the existing buildings, where the materials and fabric 
are unknown, assumptions are made with regard to the materials used and their 
thermal properties. Where the information is inadequate, variation in real perfor-
mance can be better or worse, but only because inadequate information is fed into 
the initial assumptions and thermal models.

A more recent evaluation of the new buildings studied also found that in the 
majority of cases, the difference between the measured and the predicted fabric 
thermal performance was considerable, with the measured fabric performance of 
the dwellings, being on average, 50 % greater than that predicted (Fig. 2.3). The 
results are obtained from whole building heat loss tests, conducted in unoccupied 
dwellings. Despite this, the results obtained from three of the dwellings (those on 
the far right of Fig. 2.3) suggest that it is possible to construct dwellings that per-
form very close to that predicted. All three of these dwellings were Passivhaus certi-
fied, designed to have a very low predicted heat loss. Although the variance in all 
the buildings is of concern, the results from the nearly zero carbon buildings are 
encouraging. With the development of tests and monitoring methods, advances in 
building surveys that are able to demonstrate actual building performance and feed-
back loops through smart monitoring systems, there is no reason why the positive 
results cannot become the norm.

Fig. 2.3  Predicted versus measured heat loss, new and retrofit buildings in the UK tested by the 
LSI. (Johnston et al. 2014)

 



2 Surveying and Measuring the Thermal Properties of Buildings 19

The solution to the problem requires more than the mere recognition of its 
existence. To be useful, such recognition must lead to an effective data collection, 
analysis, study and modelling, which in turn can influence design and implementa-
tion, ultimately leading to the reduction of the performance gap.

The energy performance of any building depends on an interactive system con-
sisting of four main elements: fabric, services, behaviour and external environmen-
tal conditions. All of the fixed and fitted components can be built to specification 
and controlled. If not performing correctly, they can be changed, modified or updat-
ed. The fixed fabric and services should be relatively easy to control. The occupant 
behaviour cannot be controlled but can be influenced by the information that they 
receive on the energy efficiency and buildings energy use, by financial incentives 
and by regulation. As energy demand increases, there is a greater need to ensure 
that buildings are used effectively and energy use is controlled. There are many 
incentives in place to encourage more effective use of buildings. Over time, and 
as building performance knowledge increases, the financial incentives, regulatory 
requirements and frameworks to encourage people to change and become energy 
efficient will increase. Figure 2.4 shows the main components of the building and 
the ability to control or influence their use.

The building fabric consists of the thermal envelope that contains the internal 
environment. Services include operations that heat, ventilate and cool the environ-
ment (HVAC systems), as well as controlling smart energy systems. The behaviour 
component reflects the actions of the building user to maintain comfort and health 
through the use of temperature control, ventilation, solar control shading and 
lighting.

The gap between theoretical and real-world energy performance for any build-
ing can result from a multitude of reasons that impact on the three above-mentioned 

Fig. 2.4  Key building elements affecting energy efficiency and performance. (Thomas and Gorse 
2013)
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elements. Part of the gap originates during the design and construction phase of 
the building due to incorrect or inadequate construction and installation practices, 
poor building design and/or inaccurate theoretical models that fail to consider many 
influential factors. Thermal bridges, moisture and air flow, weather conditions, user 
behaviour, control strategies, sun protection systems, temporary heat protection 
measures and buffer zones are all too often overlooked.

Unfortunately, buildings do need maintaining, but energy efficiency can also 
reduce during the lifetime of the building, due to errors occurring in the building 
system, poor software management and faults, user operation and users unaware of 
wasted energy.

Considering this complexity, the collection and analysis of real-world building 
energy performance data requires measurement and monitoring that can be applied 
consistently regardless of building location, usage or environment. Only by moni-
toring and measuring building energy performance together with gathering and ana-
lysing energy data, is it possible to use this performance data to its fullest effect. To 
create models that can generate accurate and reasonable expectations of real-world 
energy performance, energy data need to be captured and fed back throughout a 
building’s lifetime.

With the existing buildings, it is extremely important to understand the building, 
before any retrofit upgrades are applied. Building surveys are an inherent part of 
assessing the condition, characteristics and thermal properties.

2.3  Building Properties: Variations Construction

Over the years, the methods of building have changed. When examining new or the 
existing buildings, energy analysts and surveyors must ensure that the properties of 
a building can be recognised and defined, although this is not always an easy task. 
With new buildings, the process is relatively simple. New buildings are designed, 
specified and built to specification or at least this is the preferred assumption. In 
some cases, designs are not buildable and contractors make ad hoc decisions which 
prevent delays and allow building to continue, while in other cases products are 
switched to bring in a more cost-effective solution or switched because the specified 
product is in short supply or unobtainable. When products are switched, the proper-
ties often vary and performance will differ from that specified. The way a building 
is assembled can create differences, the quality of construction will vary depend-
ing on the skill and knowledge of the builder, and the quality control processes in 
place. Regardless of all of these factors, new buildings are supported by design, 
and structural and thermal specifications. The information from the specifications 
is fed into a Standard Assessment Process (SAP) or Reduced Data RdSAP (DECC 
2013a). The end result of all of these factors feeding into the assessment process 
is an energy rating in the form of an energy performance certificate as shown in  
Fig. 2.5. As we have previously seen, for example as shown at Fig. 2.3 for new 
builds assessments, there can be a big difference between expected performance 
and that achieved.
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2.4  Common Factors that Lead to Differences in New 
Build Performance

The research reported has shown there there are common factors which can lead 
to differences in the performance of new-build properties from that envisaged. For 
example:

• Missing or incomplete design information leading to ad hoc design on site
• Last-minute changes in specification
• Product switching
• Construction process clashes, products fitted out of sequence
• Poor quality
• Workmanship, skill level and understanding
• Incorrect installation, alignment, fixing and sealing
• Malicious practice—failure to undertake installation, damage to property
• Lack of commissioning and quality checks

2.5  Variation in Existing Buildings

Existing buildings are much more difficult to assess, and hence, the reason that 
a reduced level of data is needed to complete the required SAP form. It might be 
assumed that it is relatively easy to characterise an existing building and to define 
how it is constructed, but if the changes in build styles, practice and regional 

Fig. 2.5  Extract from an energy performance certificate. (DECC 2013b)
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variation are considered with regard to wall construction, it can be seen that the 
process of defining even the simple characteristics and features of a wall can be 
difficult.

Traditionally, buildings in the UK have been built using solid wall construction 
made of cob, wattle and daub, stone, brick or other materials and in various regional 
styles, using whatever local materials were easiest to source. While timber and steel 
frame construction are also common, the traditional building materials in the UK 
are still considered to be stone or brick. If just masonry walls are considered, each 
wall type will have different characteristics; some of the assumptions are identified 
and listed in Figs. 2.6 and 2.7. Thus, to understand the properties of the build-
ing, it is important that a full survey is undertaken and the characteristic behaviour 
‘in-situ’ determined.

The characteristics of the building assemblies need to be understood, e.g., many 
masonry walls have gaps or cavities in them and this will cause them to behave 
differently. Some cavities are intentional and others are not. Initially cavities were 
introduced to create a break in the wall, reducing the passage of water driven by 
rain (precipitation) and other moisture sources. The first cavities were no more than 
a few centimetres wide (10–30 mm). The separation between the two skins was 
narrow. In some cases, such walls constructed with narrow cavity are often termed 
solid walls and are not typically referred to as cavity walls at all.

The introduction of cavities and separation of the masonry skins significantly 
reduced the passage of moisture. Small air gaps also offer a thermal break, reducing 
the risk of condensation on the internal surface. Unfortunately, as we now require 
internal temperatures to be higher, traditional solid walls with cavities do not of-
fer the thermal efficiency demanded. Where unfilled cavities once provided the 
required standard of construction, the free flowing air within the cavity can reduce 
the thermal performance, allow thermal bypass and increase the potential for cold 
spots and localised condensation.

The properties of the materials that make up the cavity walls affect the way mois-
ture and air moves through the building fabric. Early clay bricks were formed using 
locally selected dense clays and were relatively impervious. Due to the low poros-
ity, the cavity did not need to be wide to prevent the passage of moisture. However, 
in exposed situations where stone and brick were more porous, the width of the cav-
ity had to be wide to prevent the wind-blown rain penetration across the cavity. In 
some wide cavities, loose rubble or stone was introduced, to act as fill and introduce 
some lateral stability and mass. The stone cavity fill was loose and moisture that 
penetrated through the outside leaf was restricted and less likely to cross through as 
the rubble did not properly connect. Penetrating moisture dripped down the external 
leaf percolating and evaporating away at the foot of the wall.

As access to fossil fuels became increasingly difficult to source, and pressure 
to reduce related carbon emission was added, it became important to improve the 
thermal performance of buildings and reduce the level of energy required to heat 
them. Cavity walls provide an convenient place to improve thermal performance 
and place insulation materials. Initially thin layers of insulation were used in new-
build, although these have steadily built up, both in thickness and improved thermal 
resistance (Fig. 2.7).



2 Surveying and Measuring the Thermal Properties of Buildings 23

From the short description of how walls have changed, it can be seen that it is 
important to undertake good building surveys to, as far as is practicable, determine 
the building characteristics and properties of the building elements.

Fig. 2.6  Some traditional variations in wall construction. (Thomas and Gorse 2013a)
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Fig. 2.7  Some traditional variations in cavity wall construction and thermal insulation. (Thomas 
and Gorse 2013b)
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2.6  Building Surveys

New properties are required to be built to regulations and standards which are in 
place, pertinent to that property type and country. Existing properties are not usu-
ally required to be upgraded to these performance standards, but where improved 
performance is required to existing buildings, then it is more usual that they adhere 
to a proportionally ‘improved’ standard. Even when circumstances dictate that an 
enhanced energy performance is required, there are often parts or elements where a 
compromise or much more relaxed approach needs to be taken (e.g., English Heri-
tage 2011). This may depend on the building’s construction period or style. In the 
UK before the year 1919, most buildings were often built using ‘traditional’ con-
struction, usually with solid walls. After this period, most buildings have included 
some form of cavity and damp-proofing to their external walls. However, after 
1945, some more modern buildings have solid walls, e.g., ‘no-fines’ solid walls 
built between the 1950s and 1970s.

When upgrade is being considered or implemented, for a reliable assessment of a 
building’s potential performance (i.e, where its assumed and modelled performance 
corresponds closely with its actual performance) we need to understand the build-
ing’s construction and its performance both elementally and holistically. One aspect 
of the performance gap for buildings when an existing property is being thermally 
refurbished is a miscalculation or misunderstanding of its performance prior to any 
interventions (e.g. Historic Scotland 2011). This is important because to determine 
any improvements, the initial condition must first be known. If the initial perfor-
mance is better than expected and the performance following invention is not as 
good as expected, then gains and pay-back periods would be unfavourably affected. 
A further consideration is that the existing building’s actual performance may be 
such that a particular possible intervention may not be cost-effective at a given time.

In addition to any anticipated carbon and monetary savings, the effect of any 
intervention on the fabric of an element (i.e., walls, floors, roofs) should be con-
sidered. Changing the way an element or a building functions in relation to air and 
moisture movement can have adverse effects such as mould growth internally or 
interstitially, deterioration of masonry through freeze–thaw action, or decay or cor-
rosion of materials in the fabric (Melville and Gordon 1973).

Prior to works being carried out on a property, some level of inspection is carried 
out to assess the condition and size of the property. For a single element in a prop-
erty or for the whole building, this can vary between four basic levels: a desktop 
assumption of type and condition from estate records; a brief visual assessment 
solely for design purposes; a short condition survey using standard surveying equip-
ment; or a full structural building survey with initial performance testing taking 
some hours or even days (RICS 2013). Property surveys are carried out for a variety 
of reasons, but can usually be summarised as aiming to inform the client what the 
material and condition is, what, if anything, is wrong and why it is wrong, what 
damage or failing has occurred or is expected to occur, how serious this is, what 
is needed to put it right, how much this is likely to cost, when the remedial work 
should be carried out, who is responsible for rectification works and what further 
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action is to be taken by the client (RICS 2010). The level of survey undertaken is 
dependent on the client’s requirements for the depth of answers to these issues, and 
the level of resources (in time and money) that are available for finding the answers.

The RICS produce standard pro forma which are used for their stated three levels 
of residential building survey for property purchase, currently known as RICS resi-
dential Condition Survey, RICS Home Buyers report, and RICS Building Survey. 
Samples of these can be found from the RICS Web site or through search engines. 
These are produced for the specific services required by clients and usually for the 
purchase of the property, but published pro forma currently are not in standard use 
for thermal performance investigation. Figure 2.5 provides an example of a survey-
ing pro forma used for thermal performance investigations.

Knowledge of existing property performance is growing but there are many un-
knowns. If the designer of any intervention, be they architect, engineer or contrac-
tor, is not aware of the effect of the intervention, this in itself can contribute to the 
performance gap. The current knowledge of the existing performance and the likely 
performance of the property following intervention, whether this is adverse or ad-
vantageous, should always be included in the design considerations.

A second aspect of this is that an initial high level of knowledge and understand-
ing of the existing construction is usually assumed. One of the prerequisite assump-
tions of the basic model for research or design is that the property construction and 
condition is known to the extent of the fourth level of survey briefly described above, 
i.e., the full structural building survey with initial performance testing, whereas in 
practice, especially where the client has a large portfolio, a desktop assumption 
or brief visual inspection only may have been made. Although exercises such as 
desktop assumption or a brief sample visual inspection are useful for determining 
average commercial conditions for improvement of the properties, each individual 
property is likely to have its own idiosyncrasies and anomalies to the extent that 
no individual property will actually perform as expected from the averaged model.

A protocol for an initial survey assessment of a property’s construction, condi-
tion and performance should therefore be considered. It may not be cost-effective 
for in-depth full building surveys and testing to be conducted on each property, but 
the clients and designers should at least be aware of this and that occasional sur-
prises can therefore be expected.

When considering interventions for improving thermal performance, there are 
particular pointers for surveys of any level. These would include the following:

• External wall construction: materials, thickness, presence and size of cavities, 
infilling, internal lining(s), homogeny, condition

• External coatings, materials, finish, condition
• Floor levels in relation to ground level, damp proof course level, and in relation 

to the existing and proposed external coating levels
• Positions of gulley’s, inspection chambers, rodding points, drains
• Dampness: rising, penetration, resulting from services/splashing/faults, intersti-

tial, condensation
• Eaves construction: overhangs, soffit boards, rainwater goods, soil vents, roof 

void ventilation, room in roof space, collar roofs
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• Window positions and proposed positions in relation to any proposed wall insu-
lation

• Existing vents for human ventilation, appliance combustion air, open fire draw-
ing air

• Existing insulation to roof voids: material, condition, thickness, evenness, ad-
equacy

An example of pro forma is shown at Fig. 2.8.
When conducting the survey, if possible, the proposed intervention(s) should 

be known and considered (STBA 2012). This would enable the surveyor to alert 
the designer to possible issues with the proposals. There are a number of typical 
aspects which raise concern. For example, with external wall insulation, the insu-
lation would normally be stopped 150 mm above ground level to avoid sustained 
wetting and bridging of the damp proof course from rain splash, etc. which may be 
reasonable but not if the floor level is below this and a thermal bridge introduced. 
Thermal bridges around floor level exacerbate the effects of stratification, resulting 
in reduced occupier comfort. Thermal bridges are also often introduced when the 
client or designer decides not to extend roof eaves due to the complication of exter-
nal services and instead stops the external wall insulation short at the eaves. In this 
instance, the thermal bridge can result in condensation and mould growth inside the 
property which is damaging to the occupant. If in addition interstitial condensation 
arises, further damage to the fabric is likely (Oreszczyn et al. 2005). For these rea-
sons the survey should identify and highlight, to designers, any possible challenges.

Internal wall insulation can also present problems. Removal and replacement of 
internal architectural features obviously need to be considered, such as coving, pic-
ture rails, architraves. A physical and cost challenge is the treatment for suspended 
floors/wall junctions to avoid thermal bridges. Determining where the new thermal 
envelope starts and finishes can be highlighted by the survey. For example, if there 
is a cellar, the spandrel wall and stair soffit to the first floor adjacent to the stairs 
leading to the cellar (a typical arrangement) along with the cellar door, will need 
insulating if the cellar is to be outside the thermal element.

Another consideration for internal insulation is the presence of dampness (STBA 
2014). Although it is generally agreed that the existing buildings can perform better 
than assumed in the past, a damp building generally performs less well. Dampness 
in timber and masonry can also lead to more ideal conditions for fungal and insect 
attack in the former and erosion in the latter (Viitanen et al. 2010). Timber can be 
found in the roof timbers, and in the external walls as door and window joinery, 
floor joist ends, and also in older properties as lintels and beams and simply as 
filling pieces in place of brick or stone in external walls. Internal insulation leads 
to brickwork and timber outside the thermal envelope, being cooler than originally 
designed. If the thermal envelope is not airtight, moisture-laden air moving through 
the construction may reach dew-point inside the construction, i.e., interstitially, and 
condense. Additionally, if the thermal envelope is airtight, drying out of the en-
velope (made damp through normal weather conditions, or through faults in the 
construction) is likely to be delayed or reduced (Künzel and Kiessl 1996). Both 
of these typical scenarios will lead to timber and masonry remaining moist with 
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Fig. 2.8  Example of survey pro forma for thermal investigation. Intended for use with detailed 
notes, moisture survey, photographs and thermography survey
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ensuing problems (May 2013). The building survey should therefore raise aware-
ness of the existing damp issues in the property occurring before any works/designs 
begin.

Research into the long-term effects of increasing the thermal performance of the 
existing buildings, especially those with solid walls, is ongoing. The importance of 
carrying out building surveys for properties undergoing this type of intervention to 
determine pre-works, construction and performance, and post-work, performance 
and prognosis, is therefore an important aspect of ensuring sustainable buildings.

2.7  Surveying and Thermography for Building Forensics

Thermal images can provide much useful information about the building. If a ther-
mal survey is undertaken by a competent person and with induced air pressure or 
depressurisation, it can provide indications of construction assemblies, materials 
used, cold spots, thermal bridges, air leakages and bypasses, highlight moisture and 
difference densities of materials. However, such information is normally supported 
with inspections and other field tests that can quickly confirm visual thermal data 
(Fig. 2.9). There is benefit in examining the thermal images taken when there is 
little pressure difference and when the pressure differentials increase.  The thermal 
images can help to identify the passage of heat through air permeable buildings due 
to wind.

2.8  Infra-Red Thermography

Infra-red thermography, as it relates to buildings, is the use of thermal imaging 
equipment to visualise the surface temperature of building elements. Thermography 
allows the temperature of large areas to be read quickly and easily. Thermal images 
can be interpreted and analysed to draw conclusions about the thermal characteris-
tics of a building’s fabric, potentially locating defects.

Fig. 2.9  Thermal image 
being used to assess 
variations in temperature 
following a retrofit upgrade
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2.9  What is Thermal Imaging?

Thermal imaging equipment (commonly referred to as thermal cameras) is used to 
capture thermal images, which represent the surface temperatures of objects within 
the field of view. This is done by focusing infra-red radiation onto an infra-red de-
tector (much like the image sensor found inside a digital camera, but with IR radia-
tion rather than visible spectrum radiation); the signals generated are then processed 
to generate a thermal image (FLIR 2011). Thermal cameras interpret the intensity of 
infra-red radiation received and output an image representing the apparent surface 
temperatures across the cameras field of view (Pearson 2011).

Infra-red radiation is a band of the electro-magnetic spectrum, with wave lengths 
longer than visible light, ranging from 0.7 to 1000 μm (Pearson 2011); this radiation 
is invisible to the human eye, but its effects can be felt as heat. All objects with a 
temperature above absolute zero (− 273 °C or 0 K) emit infra-red radiation, and the 
intensity and wavelength of the emitted radiation vary with the surface temperature 
of the object.

The surface emissivity affects the intensity of infra-red radiation given off. Emis-
sivity ranges from 0 representing an ideal, non-emissive object to 1, representing an 
ideally emissive ‘black body’ object. Objects with emissivity below 1 will appear 
to be cooler than they actually are, and this can be corrected with on most thermal 
cameras and in thermal image processing software.

2.10  Using Infra-red Thermography

Infra-red thermography is very useful in building inspection, as thermography is 
a non-contact, non-destructive method of building inspection it can be carried out 
quickly, and with relatively little inconvenience to building occupants. Using a ther-
mal camera to observe the fabric of a building allows surface temperatures to be 
observed quickly and easily. By observing the distribution of surface temperatures 
in a building’s fabric, anomalies and defects can be located, which would not be 
otherwise discoverable without long-term or destructive investigation of the build-
ing’s fabric, defects such as:

• Missing, misplaced or damaged insulation
• Location of air infiltration paths
• Thermal bridges
• Damp areas
• Heating system faults.

(Hart 1991) (Fig. 2.10)
Thermal image shown in Fig. 2.10 reveals that the section of roof between wall 

and ceiling is not insulated, as shown by the colder areas between the rafters. This is 
typical of missing insulation in timber-framed elements (Fig. 2.11).
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Figure 2.11 shows a view from the outside of a building. Warm patches indicate 
areas where heat is escaping from the internal space, in this case through an air vent 
and the edges of the window frames (Fig. 2.12).

These images show an example of air leakage. Dark ray patterns are visible around 
a sealed air vent. This is typical of the penetration of cold air into a building. As the 

Fig. 2.12  Thermal image showing air leakage (Leeds Sustainability Institute 2014)

 

Fig. 2.11  Thermal image showing heat loss through air vents Leeds Sustainability Institute 2014

 

Fig. 2.10  Thermal image showing the heat transfer through the uninsulated eaves
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air infiltrates the building, it cools the surfaces along its path, causing the distinctive 
cool region. Dark pattern is palette specific. This image was taken under normal 
conditions. For air leakage detection, a pressure difference of at least 10 Pa (pascals) 
and 10 degrees K is advised (Hart 1991).

2.11  Practicality

Though Infra-red thermography has a number of benefits, it is not without its draw-
backs. Undertaking of thermal survey requires a high level of skill in order to cor-
rectly interpret findings (Usamentiaga 2014). It is important to be aware of mislead-
ing results such as:

• Thermal reflections, Infra-red radiation bouncing off a reflective surface, a re-
flection will change position when the camera is moved.

• Low emissivity materials are particularly prone to reflections as the lower a ma-
terial’s emissivity the higher its reflectance.

• Apparent surface temperature differences that occur without a temperature gra-
dient can often be due to differing surface emissivities, roughness, angle of inci-
dence and/or variations in surface moisture.

• Hot objects in frame can cause thermal cameras that are set to automatically 
range to change contrast and range, which may cause some details to be obscured 
making on-site interpretation difficult. This can be overcome by manually ad-
justing settings to give the desired image.

Thermography is also reliant on a number of environmental conditions in order to 
give reliable results, where conditions do not match with requirements and a survey 
may be difficult to carry out:

• Stable temperatures: external temperature should not vary by more than 10 °C 
for 24 h before the test. External and internal temperatures should not vary by 
more than 5 and 2 °C respectively during the period of the investigation. Variable 
temperatures may lead to misinterpretation due to variation in heat capacity loss 
across the target area.

• A temperature difference of at least 5 °C is required between internal and exter-
nal conditions during the test.

• The faces of the building under investigation should not be exposed to direct sun 
light for 12 h before or during the test.

(BS EN 13187:1999)
Where these conditions are not met, it should be noted in any report resulting 

from the investigation.
The use of infra-red thermography allows a great deal of information concerning 

the thermal performance of a buildings fabric to be collected in a relatively short 
period of time. This information can then be interpreted to find possible defects that 
would otherwise have been difficult to detect. Thermography does not determine 
defects with absolute certainty, but it does give a strong indication that can guide 
further, targeted investigation.
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Monitoring and Measuring Building 
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3.1  Integrated Energy Monitoring: Process and Building 
Performance

The whole-life sustainability of a building should be underpinned with a demonstra-
tion of functional value and an awareness of the direct environmental impact. While 
a great deal of energy and resources are consumed in the construction of buildings, 
this is marginal when compared to the operation costs and associated energy used 
during a building’s life cycle. Many reports identify the build costs and associated 
resources to be less than 1 % of the whole-life operation costs. The exact energy 
use of a building can vary widely, depending on the use, energy efficiency of the 
building and occupant behaviour; thus, a greater deal of attention should be given 
to understanding the energy used in buildings and how energy efficient operation 
is achieved.

For some time, the scientific community has been able to measure building 
performance and provided a perspective on the buildings ability to meet sustain-
able agenda. Unfortunately, the resource implications associated with measuring 
energy efficiency in detail required by the scientific community can be prohibi-
tive, preventing mainstream use of energy monitoring. However, through advanc-
es in energy monitoring technology and data capture methods, the monitoring of 
energy use has become more accessible, with some of the cost and time implications 
reduced or removed. While in-depth scientific monitoring and forensic analysis will 
always have its place, with relatively basic monitoring equipment it is now possible 
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to  collect live data on the building fabric, service and occupant energy behaviour; 
even consumer-focused devices such as “smart meters” are now coming to market.

Scientific investigation will always be required to underpin smart data, but the 
live smart data that is captured and feed back to the occupant and building manager 
is becoming more important. If gathered correctly, such data can be used for energy 
monitoring, financial analysis and forecast, as well as identifying building and 
service efficiency. Monitoring data can be used to trigger alerts and importantly can 
provide valuable feedback to the design and construction processes.

Variance between theoretical and actual thermal performance of buildings pres-
ents a major barrier to achieving the zero-energy targets and to private investors 
and the broader financial payback schemes. However, the research groups that have 
identified the performance gaps have also shown that the aspirational energy perfor-
mance standards in retrofit and new build projects can be achieved, within accept-
able tolerance. Unfortunately, such demonstrations of good practice occur in isola-
tion and are not indicative of the norm; more widespread use of in-use monitoring 
and building performance evaluation will help to build an understanding of how 
buildings and their occupants truly behave.

The intelligent use of the existing scientific and basic energy monitoring tools 
can make a significant step change in understanding building performance. Where 
valid data exist for different building types, building elements and features, they 
provide a baseline, defining characteristics and behaviour and improving the ability 
to predict future performance. Once good data and understanding exists, and pro-
totypes or standards developed, simple checks can be used to align production, en-
abling the reproduction of the energy standard. Advances in monitoring technology, 
apps and smart metering provide the transitional step towards checking that build-
ings are responding as expected, allowing whole building life cycle feedback loops 
that enable self-commissioning, effective maintenance and performance upgrades.

The future of energy monitoring is relatively clear; through the systematic analysis 
of energy data, basic energy signatures can be used to inform diagnostic gap analysis 
and performance. Data can be used to develop and refine predictive tools improving 
the accuracy of energy performance predictions so that design performance gaps can 
be closed. Through more autonomous feedback, an insight into variances in observed 
energy use data can be gained. Such processes will allow for system calibration, con-
tinuous commissioning and energy improvement cycles. The data can also be digitally 
integrated, managed and visualised. However, while many in the industry claim this 
is already happening, the data being extracted are not always simple and meaningful. 

The following chapter outlines some of the basic monitoring and testing tools and 
techniques that are being used to inform the understanding of building  performance.

3.2  Logically Defining the Test and Monitoring 
Environment

Research has demonstrated that there are gaps in building performance (Gorse et al. 
2011), some of which have come about through a failure to understand the design 
and construction process and other due to a neglect of the usefulness of whole 
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building measurement (Stafford et al. 2014). There are a number of tests that can be 
applied to building performance; however, knowing their limitations and capabili-
ties, they must be applied systematically and logically.

When setting up a testing or monitoring campaign, the first question that should 
be asked is “what do you want to characterise?” This question if applied to build-
ing fabric determines the context, environment, experimental design and analysis 
method that should be applied (Fig. 3.1). http://dynastee.info/   and   http://www.
leedsbeckett.ac.uk/as/cebe/resources.htm. Free software to develop the logical links 
can be found on the Xmind site (http://www.xmind.net/).

Since there are many different objectives when measuring the thermal perfor-
mance of buildings or building components, a good way to treat this question is to 
develop a decision tree and logically work to the standards, guides and methods that 
will help answer the question. By working through a logical structure, it is possible 
to identify the standard documents that exist, methods that have been developed 
and requirements of the monitoring to obtain the necessary control of the test or 
monitoring environment to obtain good quality data and feedback (a full version of 
the decision tree referred to in this document can be found on the following sites).

To obtain reliable results for full-scale, whole building or building element tests, 
it is essential that the work is conducted within a good test infrastructure, which 
means having control of the variables that impact on the test and or knowledge of 
their behaviour.

It is clear that the understanding of designed building components must be 
deeper than just measuring its heat loss or U-value under steady-state laboratory 
conditions. The modelling and testing of the dynamic thermal behaviour of the 
building’s components, envelope and whole building must be more representative 
of real-world environments and accurate. Therefore, to gain a much deeper under-
standing, it is necessary to conduct tests in the field as well as in the laboratory. 
Even when conducting experiments in the field, there are the steps that are not 
always the same. Although many different procedures have been developed to test 
the dynamic behaviour of building components and buildings in situ, few of them 
have become internationally accepted standards. Indeed, many of these procedures 
may never result in a standard, since the nature of dynamic testing exposes the same 
test component to different dynamic conditions. Thus, some procedures and data 
can vary considerably depending on the conditions under investigation. However, 
the monitoring and testing procedures are important to develop further knowledge, 
and understand contributing factors and the relationships between the dependent 
and independent variables.

Fig. 3.1  Main branches of a decision tree Gorse et al. (2015) Decision Tree Whole Building 
Characterisation: IEA Annex 58
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3.3  Decision Tree Logic in Building Performance

The logical steps in identifying a good experimental set-up to characterise building 
and building component performance are shown in Fig. 3.2. From the IEA’s Annex 
58’s perspective (Gorse et al. 2015), once the overarching logic was identified, logi-
cal branches were then developed to show the options available. An extract from 
the branches under building components and whole building element is shown in 
Fig. 3.3.

As can be seen in Fig. 3.4, once the second level of the logical branch was defined, 
the question “What do you want to characterise?” is explored again. Following this 
question, the environment requires further consideration and is explored further 
by raising the question, is the test environment in the field (in situ) or in a con-
trolled laboratory? What should be remembered is that the different approaches 
will make different observations and yield different results. Both approaches can 
be complementary, but resource and test environment constraints may mean that it 
is not possible to do both laboratory and field tests. What must be remembered is 
whether the approach will yield suitable results.

Another key area is to explore the type of test conditions. Are the conditions 
considered to be dynamic, quasi-steady state or steady state? In Fig. 3.4, for 
example, the decision tree has been designed and exploded to reveal the logic and 
questions that lead to dynamic testing of building components. Here, some of the 
authoritative publications and standards are identified.

The first level of the decision tree has three choices: building components, 
whole building envelope and whole building energy characterisation. These are 
the main three levels where the different full-scale testing is carried out in the 
building sector.

Fig. 3.2  Overarching logic of decision tree, an example of logic of the decision tree produced by 
the International Energy Agency, Annex 58 (Gorse et al. 2015)

 

Fig. 3.3  Partial view of building component and whole building branches of the decision tree
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The building component branch is focused on how to test a building component 
in isolation, without considering the effect of the whole building on the building 
component. The building component branch is focused on the U-value characteri-
sation of walls and windows under well-known standards, but also considers how 
to test and characterise special building components such as ventilated façades, 
green roofs, etc. Tests on components are relatively well established. However, the 
science behind understanding component assemblies as part of the whole building 
thermal envelope is a developing area.

In the IEA Annex 58 decision tree, the whole building envelope branch is focused 
on characterising and/or modelling the main energy characteristics of the whole 
building envelope. The term “characteristic” in this case encompasses the envelope 
U, C and gA values and also for the buildings envelope special characteristics such 
as thermal bridging, modelling and characterisation of the air movement through 
and within the building envelope. These areas are a key concern to thermal transfer 
within the building envelope.

Finally, the more complicated area of research is where attempts are made to 
characterise energy used when all factors are considered for the whole building. 
This general characterisation considers the three main reasons for the energy con-
sumption in buildings: the buildings thermal envelope, the buildings systems and 
the user behaviour. The understanding of whole building energy use and its charac-
terisation is a new and emerging area of research.

Fig. 3.4  Partial view of decision tree process
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3.4  Building Component: Key Considerations

During the recent decades, much work has been carried out on building component 
energy characterisation. As can be seen in Fig. 3.3, there are four options inside the 
main level of the “Building components” branch. The first three options consider 
the characterisation of “common” building components. They are homogeneous 
opaque elements, heterogeneous opaque elements and transparent or semi-transpar-
ent elements.

The main thermal characteristics tested and modelled include the thermal trans-
mittance value (U-value), the thermal capacity value (C-value) and the solar gain 
(g-value) or solar heat gain coefficient (SHGC); these are the common building 
component considerations. Other thermal aspects should also be considered such as 
the hygrothermal behaviour, thermal bridging, reflection, absorption and transmit-
tance of light and air permeability, all of which impact on performance.

Most building components are already covered by standard test procedures, 
but many of the newly developed “special” building components cannot be tested 
within the standards. For example, a ventilated façade or a green roof is not suitable 
for testing in a guarded hot box since they are passive solar components, and the 
correct thermal characterisation of these components requires tests to be carried out 
under real weather conditions or at least with the use of a solar simulator.

3.5  Whole Building Envelope: Key Considerations

In addition to understanding the performance characteristics of individual construc-
tion elements and materials in isolation, it is important to appreciate their interaction 
across the whole building envelope. In order to do this, tests are often undertaken 
in situ. As can be seen in Fig. 3.3, common measures include whole envelope U 
value, whole envelope C value, whole envelope gA value, envelope special thermal 
characteristics (thermal bridging) and air movement.

3.6  Whole Building Energy Characterisation

The whole building energy is characterised by methodologies centred on monitor-
ing the main contributors to energy use in whole buildings, namely the building 
envelope, building systems and users.

When undertaking such studies, the environmental conditions must be under-
stood and assessments need to be made on what tests are and are not applicable 
(Stafford et al. 2014). For some tests, occupancy is highly significant and may limit 
the type of tests that are possible or permitted to be undertaken. When undertaking 
whole building tests or monitoring, it is important to establish whether the proper-
ties are occupied, unoccupied or expected occupancy patterns at an early stage. 
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Following occupancy assessment, further environmental considerations can be 
explored. In addition to the environment and conditions, the whole building energy 
characterisation also clarifies the usage of the building, splitting into domestic and 
commercial properties. It is important to distinguish use, purpose, occupancy pat-
terns, building typologies, system infrastructure as well as defining the rationale for 
research as all will impact on the findings.

As can be seen, understanding whole building performance can be particularly 
challenging. The remaining sector of this chapter outlines some of the different 
approaches, tests and considerations. The explanations are not detailed and should 
be used as an introduction to each of the topics, rather than a definitive guide.

In-use monitoring of whole building energy and environmental conditions is 
becoming more common and developing as a science. If done correctly, valuable 
information can be obtained.

3.7  In-Use Monitoring

In-use monitoring refers to any collection of data from an occupied building, 
generally including energy and temperature data and often with the purpose of assess-
ing the energy efficiency of buildings. It can also monitor humidity levels to assess 
for condensation risks, check whether set point temperatures are being achieved to 
provide occupant comfort or even assess air quality as part of a ventilation strategy. 
In-use data can be as light touch as taking manual readings of daily kWh usage or as 
complex as using sensors to log the internal and external environmental conditions 
and gas and electric use every half hour. The degree of in-use monitoring employed 
allows for a different type of analysis and information that can be provided about a 
building. The following section will introduce how relatively intensively collected 
in-use monitoring can be used to improve the energy efficiency of buildings.

3.8  In-Use Energy Consumption

As discussed, the predicted energy performance of dwellings has until relatively re-
cently been taken for granted to be accurate. However, there is a mounting body of 
evidence to suggest that buildings are not performing in situ as they were originally 
intended, referred to as the performance gap. This is typically attributed to the un-
derperformance of the building fabric, faults in building services and the influence 
of occupants.

While the predicted performance of the building fabric and services is com-
monly derived from laboratory-based testing performed under standardised condi-
tions, energy use predictions attributed to occupancy are often based on assump-
tions taken from theoretical occupancy patterns and applied to a model (BSI 2008). 
These occupancy patterns are estimates and so cannot accurately reflect how the 
building is used in practice; as a result, they are responsible for a degree of the gap 
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between energy use prediction and reality. For example, a home will have differing 
energy consumption if a family with 4 children and a stay-at-home parent move 
when compared to a single person who commutes 2 h to work every day. Similarly, 
a primary school classroom used for occasional lessons will have different energy 
consumption to a similar classroom that doubles up as the indoor break time rec-
reational space and which also hosts afterschool events every day of the week and 
yoga classes on the weekend. Thus, the only way to accurately determine the energy 
consumption of an individual building (and to understand how to make efficiency 
improvements) is to monitor it in-use.

Accurately identifying energy use in relation to external and internal environ-
mental conditions gives the building manager or occupant the ability to diagnose 
issues relating to the use of the building and the services. For example, energy use 
during unoccupied times can be identified, set point temperatures can be refined 
where over or under heating is occurring, and responsiveness to external tempera-
tures can be assessed. Other useful outputs from in-use monitoring in buildings 
are to show energy performance deteriorating over time, identify threshold tem-
peratures when specific problems occur, track improvements resulting from inter-
ventions and refurbishments and even compare the actual running costs with that 
predicted by their design stage models. It is also possible to use in-use monitoring 
to compare buildings to one another, showing how different levels of thermal mass 
affects heating profiles, how different property types compare in terms of energy 
efficiency and also ranking and prioritising specific inefficient buildings that might 
benefit from improvements.

3.9  Monitoring Needs: What to Monitor and Why?

In-use monitoring can be costly and complex; thus, what variables are chosen to 
be monitored should be a function of what is trying to be deduced. For instance, if 
space heating demand is being investigated, more is required than simply taking gas 
meter readings; internal and external temperatures must also be logged in order to 
get an understanding of heating demand, plus a recording of any secondary heating 
system energy use is needed. If there are excessive electrical loads that contribute 
greatly to the amount of incidental gains, such as incandescent lighting, it may also 
be important to record these too, even the number of occupants in a building at any 
one time may also be important as could their window opening behaviour. Often, 
very basic sets of in-use monitoring data are collected, with electricity, gas and 
household temperature recorded (Fig. 3.5), but more detailed monitoring can also 
be undertaken (Fig. 3.6) (Aerts et al. 2014; Fabi et al. 2011).

In-use monitoring studies fall broadly into two categories: case studies and large 
samples. Case studies consider a small number of sites in a detailed way, often us-
ing disaggregated data to analyse parameters to a high degree of complexity. Large 
samples tend to utilise aggregated data such as total electricity use or total gas use 
for a large number of cases to compare trends and identify outliers. While it is 
possible to collect large amounts of high-level disaggregated data, these studies 
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are expensive and require resources that are beyond the capacity of most research 
projects, and the large amount of individual tests and monitoring equipment can be 
intrusive for building occupants. An aggregated approach is the cheapest and easiest 
to implement and can be as simple as collecting meter readings on a monthly basis. 
The downside to this simplicity is that in isolation, this type of data often lacks 
explanatory power and requires additional data to add context. A disaggregated ap-
proach is far more detailed and robust, with measurements typically taken at shorter 
intervals and for a wider range of parameters, allowing a greater level of complexity 
in analysis. The obvious disadvantage is that this extra monitoring often comes with 
additional costs, as shown in Fig. 3.7.

When considering what to monitor, the analysis techniques that will be employed 
when handling the data should be considered. If the purpose of the research is to 
detect and diagnose faults within a case study, the resolution and complexity of 

Fig. 3.5  Large aggregated data. Total energy, gas and household temperature monitored (Thomas 
and Gorse 2015)

 

Fig. 3.6  Disaggregated data. Energy and environmental data collected separately and systemati-
cally (Thomas and Gorse 2015)
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the monitoring data are likely to be higher than a study looking for general trends 
and patterns in domestic water use across regions of the country. By determining 
the level of complexity required to answer the research question, superfluous data 
collection can be avoided.

Once the variables and approaches have been considered and a monitoring “wish 
list” created, practical considerations can be made. The majority of monitoring 
projects operate under strict financial budgets, limiting the type and amount of 
equipment that can be used. In many cases, equipment will require professional 
installation, disruption to residents and ongoing data retrieval and storage charges. 
These practical constraints may in reality be the limiting factor in determining the 
type and scale of in-use monitoring projects.

3.10  How to Monitor?

Energy monitoring systems are developing at a rapid pace as demand for energy 
use information grows from both in the construction industry and the individual 
homeowner. Currently, these systems can be grouped into two types: standalone and 
data acquisition. Standalone systems are individual in nature, with internal memory 
for data storage. The main advantage of standalone monitoring is that they are often 
a simple, low-cost solution that can be left at a site and collected at a later date. The 
main disadvantage is that any issues or patterns that arise during data collection 
will not be discovered until equipment is checked. Data acquisition systems offer 
an alternative; they are comprised of multiple sensors communicating with a central 
hub, which may simultaneously store data and transmit to an external storage plat-
form, e.g. via Wi-Fi to the cloud and often with an interface for interrogating the 
data. This allows regular access to identify issues, though these systems tend to be 
more expensive to purchase and incur ongoing costs for data retrieval.

Fig. 3.7  Case study (disaggregated data) vs. large sample (aggregated data) in-use monitoring
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The ability to monitor in-use electricity, water and gas is dependent on these 
utility meters being “pulse-enabled”. Commonly, the wide variety of domestic gas 
meters are not pulse-enabled, even if they have been relatively recently installed. 
Currently, there is no consensus between meter providers on how they will allow 
information to be retrieved from their meters or indeed whether this should always 
be possible and so this should always be checked before purchasing monitoring 
equipment. If utility meters are deemed not to be suitable for data collection, a sepa-
rate meter will need to be installed, or where this is not possible in the case of gas, 
data on heat being used could be collected by installing heat meters on the heating 
system that may be used as a proxy for the kWh of gas used.

There is heterogeneity between the accuracy and recording range of different 
items of monitoring equipment. For domestic and commercial building scale energy 
consumption, resolutions may not need to be too refined and often an accuracy 
to 0.5oC may be sufficient. Industrial applications may require a greater level of 
accuracy to identify or predict faults or inefficiency in their processes. Generally 
speaking, each in-use monitoring installation will be bespoke, which allows 
individuals to have flexibility; however, it also means that it can be confusing for 
building owners to know what they need and can also mean it is difficult to compare 
or validate data derived from different in-use monitoring installations.

3.11  Considerations for In-Use Monitoring

There are a number of considerations that need to be made when undertaking in-use 
monitoring. These are as follows:

• Financial limitations are a barrier to what can be achieved.
• Conclusions drawn can only be robust if the necessary data has been collected, 

e.g. space heating energy efficiency cannot be determined from gas consumption 
alone.

• Building owners should contribute to the aim and design of the monitoring sys-
tem, grant access to the installation and repair monitoring equipment.

• Ethical issues exist whenever collecting data from individuals; proper proce-
dures in data collection and storage are required.

• Consideration should be given to the frequency of data capture and the capacity 
to monitor this data; higher frequency will give a finer resolution and strengthen 
the analysis, but requires more time and resource.

3.12  Understanding Building Energy Use, Occupant 
Behaviour and Change

A key aim of both new build projects and retrofits is to produce buildings that are 
highly energy efficient, thereby leading to a reduction in energy use. This contrib-
utes to various targets to reducing CO2 emissions.
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Calculations of energy efficiency are usually required before a project commenc-
es. There are often an assumed set of circumstances. Basic occupancy, temperature 
and energy requirements, such as those illustrated in Fig. 3.8, are often used, but in 
reality, occupancy, service use and building performance may be much more com-
plicated. For example, Fig. 3.9 illustrates how the heat gains from occupants and 
animals contribute, as well as how the building is used. Figure 3.10 also shows how 
the use of appliances contribute and this is without considering the defects in the 
building (Fig. 3.11) and discrepancies in service performance. Thus, the difference 
between the predicted energy use and actual demand can differ considerably.

Fig. 3.8  Assumed building performance based on some basic occupancy, environment and energy 
needs (Thomas and Gorse 2015)

 

Fig. 3.9  Assumed building performance based on some basic occupancy, environment and energy 
needs (Thomas and Gorse 2015)
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Where, in practice, actual buildings underperform when compared with predict-
ed performance, this had been termed as the performance gap. The performance gap 
means that the expected savings in both energy use and the cost of heating people’s 
homes are not always achieved. There has been some work to understand why this 
is the case, although there remain many unanswered questions. We know that liv-
ing in a better insulated home can increase, rather than decrease, energy consump-
tion (e.g. Hens et al. 2010), and homes with better insulation have higher internal 

Fig. 3.10  Understanding Occupancy and Use: Consideration for occupancy, behaviour and appli-
ances (Thomas and Gorse 2015)

 

Fig. 3.11  Aspects of the building fabric that can contribute to differences in performance (Thomas 
and Gorse 2015)
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temperatures (Santin 2013). This has been referred to as the “rebound effect” in 
which people offset greater energy efficiency benefits against greater use of heat-
ing system. Sometimes, higher energy use arises from occupants not understanding 
how to use their heating system effectively (Linden et al. 2006), which can be be-
cause they were not instructed in how to use it, or they are reluctant to engage with 
the new technology. It is clear that a substantial proportion of variation in energy 
use is due to individual behaviour. Around half of the variation in the amount of en-
ergy the people use to heat their homes is due to differences in behaviour rather than 
the energy efficiency of dwellings themselves (Gill et al. 2010). This can be through 
occupancy patterns, i.e., the number of hours the house is occupied and the rooms 
used (De Meester et al. 2013) as well as the temperature the house is heated to.

We therefore need to gain a more in-depth understanding of people’s experiences 
of heating their homes and their decisions around energy saving behaviour. Few 
qualitative research studies have been undertaken, yet this approach has the poten-
tial to provide greater insight into energy use behaviour and the user experience of 
buildings (e.g. Kim et al. 2013). It is also essential when developing interventions 
to change energy behaviour. Qualitative research techniques, such as interviews and 
focus groups, are likely to become increasingly important in informing the design 
and implementation of future energy efficiency schemes. The semi-structured 
approach typically adopted allows occupants to discuss areas influencing their en-
ergy behaviours not anticipated by the researchers. As such, this approach enables 
depth of understanding and the ability to develop insight and innovative ways of 
engaging with occupants and changing their behaviour.

Quantitative research methods can also be used, either instead of or alongside 
qualitative techniques, and yield data suitable for statistical analysis. Question-
naires are typically used to collect information from occupants on their behaviour. 
Most of these address patterns of occupancy, and some also include beliefs about 
energy efficiency and the environmental impact of energy use. It is also useful to in-
clude questions derived from psychological models of behaviour. There are several 
theoretical frameworks used to model behaviour, most commonly social cognitive 
models such as the theory of planned behaviour (TPB), and these have been applied 
to energy use behaviour. For example, perceived behavioural control is a strong 
predictor of the amount of energy savings that are made in domestic households 
(Abrahamse 2009). These authors found little predictive power in other TPB con-
structs, however. Therefore, feeling confident in one’s ability to be able to reduce 
the amount of energy used predicts actual energy savings. This is useful, but we 
need to know more about psychological predictors of energy use and how people 
respond to interventions to change behaviour. This is an area that deserves substan-
tial future research.

In addition, research with occupants can provide evidence on how housing influ-
ences quality of life. Living in a warmer more comfortable home could potentially 
lead to people feeling happier, and it has the potential to improve any long-term 
health conditions they have. Our research has also shown that retrofitting an area 
leads to people believing the area appears more attractive and this increases their 
sense of community. These aspects are valuable to include when researching the 
wider impact of increasing energy efficiency.
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Our recommendations for what to include when designing research on occupant 
behaviour, based both on previous research and our experience of researching the 
impact of occupants on energy use, are shown below.

• Who lives in the home (people and pets) and any regular visitors, such as grand-
parents providing childcare.

• How the home is used, e.g. when people are in and out of the home, whether 
rooms are used differently in winter and summer, whether windows are kept 
open and doors are opened frequently.

• Any health problems that people have that might affect the temperature of the 
home and the energy they use, together with a measure of their health status.

• Preferred temperature within the home, the reason for this, and reasons why the 
actual temperature is not the same as the preferred temperature.

• Any life events that mean people might change the energy they use, such as 
spending more or less time in the home, having a baby, losing their job or retiring.

• Understanding of how to use the heating and ventilation systems.
• Confidence in the ability to use less energy (“perceived behavioural control”).
• Beliefs about the advantages and disadvantages of using more or less energy.
• Beliefs about what other people expect in terms of energy use (“social norms”).
• How satisfied people are with factors such as how quickly their home heats up, 

how warm it gets, how drafty it is, how damp it gets, how much it costs to heat, 
how much noise it lets in.

• How satisfied people are with living in their neighbourhood, e.g. its appearance, 
how safe it feels and how much they feel they belong.

In addition to people, we also need to consider how the services and renewable 
energy sources feedback to the building.

3.13  Monitoring of Renewable Technologies

3.13.1  Policy Background

Renewable technologies in dwellings are becoming increasingly common, largely 
due to government incentives such as Green Deal, Feed-in Tariffs (FiT) and Renew-
able Heat Incentive (RHI). However, the benefits available under these schemes 
are based upon dwelling assessment, monitored electricity output and deemed (or 
in some cases monitored) heat output, respectively, and the incentives offered also 
change over time as policy is reviewed. This is not sufficient to provide information 
on whether expected savings or technology performance is being achieved in prac-
tice. The Renewable Energy Consumer Code (RECC 2014) sets out clear responsi-
bilities for accredited installers (including general business practices) and requires 
that reasonable estimates of performance expectations are provided to the customer, 
but these are generally based upon the customer’s historic consumption data (where 
possible) together with data acquired from laboratory testing of equipment under 
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applicable standards. There is no obligation to monitor the performance of systems 
in situ.

The most common technologies eligible for the domestic RHI are heat pumps, 
biomass boilers and solar thermal. Under the RHI tariffs are paid per kWh of re-
newable heat generated, but this is generally “deemed” (based upon calculated heat 
output requirements), rather than monitored, in order to avoid the additional cost of 
metering. Only in special cases (e.g. where there is a secondary heating system, or 
where the dwelling is not continuously occupied as in the case of a second home) is 
there a requirement for the heat output to be measured. Any customer may choose 
to install a meter, and is eligible for additional payments to cover the costs of doing 
so, but the resulting data acts only as confirmation that the system is working as 
expected, and the RHI payment is still based upon the deemed output.

In the case of electricity generation (e.g. solar PV and micro-wind turbines), 
payments are made under the FiTs scheme and are based upon the amount of 
electricity actually generated. There is also an export tariff that provides additional 
payment for electricity exported to the grid rather than used on-site. This means that 
installations must include an import/export electricity meter. Nevertheless, without 
complex submetering and weather data, this is not sufficient to give more than a 
very rough indication of technology performance.

3.13.2  Complex Nature of Field Trials: Monitoring Renewable 
Technology

The above analysis illustrates the basis of the problem with regard to domestic 
renewable energy technology performance in general. In order to understand the 
system performance in situ, rather detailed monitoring of a wide range of param-
eters is required for each individual system. Thus, monitoring becomes expensive 
and time-consuming if performed with real rigour. DECC has sought to address the 
issue by commissioning a series of field trials, e.g. the field trials program on do-
mestic heat pumps which was undertaken in two phases by EST on behalf of DECC 
between 2008 and 2013 (Dunbabin and Wickins 2012; Dunbabin et al. 2013). This 
was a full-scale research project, with careful attention given to the data produced, 
but even so many difficulties were experienced, particularly relating to fair com-
parison of the performances of a wide range of different system types, the analysis 
of issues relating to domestic hot water (DHW) production and the treatment of 
system boundaries and heat losses not accounted for under practical metering con-
figurations. Inspection of the two reports produced gives a clear impression of the 
scale of the difficulties that can experienced in this type of study.

Field trials such as the one referred to in the previous paragraph, and also similar 
smaller-scale trials undertaken by Leeds Beckett University and other researchers, 
tend to indicate that while good performance can be achieved in practice, the reality 
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falls short of expectations in too many cases. Therefore, it is of vital importance to 
undertake further detailed studies in the field in order to enhance our understanding 
of factors affecting real performance in situ.

3.14  Practical Metering Issues: Monitoring Renewable 
Technology

For renewable heat generation, monitoring involves measuring heat output. In the 
case of heat pumps and pellet biomass boilers (but not pellet stoves with back boil-
ers, other types of biomass boilers or solar thermal installations), metering guide-
lines are produced by DECC for compliance with their Metering and Monitoring 
Service Packages(DECC 2013). Placing of heat metres is vital in order to include 
all required outputs without unrecorded losses, but in recognition of the practical 
difficulties in the case of some heat pump configurations, the strategy for heat 
pumps is to measure heat output from “whatever components are practical to mea-
sure”, provided that the energy inputs to the same components are also measured. 
The guidelines do however specify that heat meters should consist of a flow meter 
together with a matched pair of temperature sensors, and should fall within accu-
racy Class 3 or better, as defined by Annex MI-004 of the Measuring Instruments 
Directive (European Commission 2004) Furthermore, the meter resolution must 
satisfy the relationship:

In practice, this tends to result in a required resolution of 1 pulse per 10Wh, or 
more frequently, 1 pulse per 1Wh. The latter is almost always required to take 
account of short DHW draw-offs. At the time of writing, many commercial heat 
meters are not able to achieve this resolution, and therefore, available compliant 
solutions are restricted and may be costly. In addition, the time resolution of 2 min 
for data recording is recommended, resulting in large datasets being generated. At 
the same time, the specified level of accuracy in measurement is compromised by 
allowing water-calibrated heat meters in water/antifreeze systems, and not requiring 
bi-directional heat meters for air-source heat pumps in defrost mode. In these cases, 
a fixed percentage penalty is applied, or assumptions made regarding losses, when 
calculating the system efficiencies.

For renewable electricity generation, other practical difficulties apply. The 
measurement of solar PV system performance requires metering of relatively high-
voltage DC power as well as AC output if losses at the inverter are to be charac-
terised. Understanding of system performance also requires measurement of the 
in-plane solar irradiance, and is enhanced by other measurements such as external 
air temperature.

Resolution of Heat Meter Minimum non-zero heat outpu[ ] ≤ 3%*[ tt in two 2minutes]
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3.14.1  Data Management

The generation of large datasets, together with the possibility of metering malfunc-
tions, indicates that frequent downloading, inspection and processing of data is 
good practice. For reasons of convenience and efficiency, and to prevent inconve-
nience to dwelling occupiers, remote management is usually necessary. Data are 
therefore logged and stored on-site by some device capable of transmitting data via 
the mobile phone network (GSM/GPRS modem) or via the Internet. The former 
can present difficulties relating to poor or variable signal coverage, while the latter 
presents issues surrounding ownership and the use of equipment and Internet con-
nections. In addition, data losses can occur between sensors/meters and the logging 
device, in transferring information via wireless radio signal, which may or may not 
be based on localised networks such as Zigbee (2014). While data downloading and 
management on a regular, frequent basis may be time-consuming, it does have the 
advantage of enabling prompt recognition of sensor/meter failures, and can also 
play a useful part in remote system diagnostics, enabling “action research” style 
interventions where systems are performing poorly.

3.15  Installation Issues: Monitoring Renewable 
Technology

The performance of many renewable technologies is sensitive to the details of de-
sign and quality of installation. Engagement with monitoring programs can high-
light some of these issues and serve as a learning process for installers.

The installation of monitoring equipment can also require careful thought and 
analysis in order to maximise reliability and minimise disruption or inconvenience 
to occupiers. At the time of writing, most monitoring programmes are research ini-
tiatives, and monitoring systems can therefore be designed and tailored specifically 
for a given dwelling or group of dwellings. Even so, experience suggests that, too 
often, not enough attention is paid to the monitoring system installation procedure. 
Field trials in the past have tended to be most successful when the installation of 
monitoring equipment on-site has been overseen by a researcher or monitoring spe-
cialist. This approach also has the advantage that any individual modifications (such 
as non-ideal placement of sensors or meters due to practical considerations) are 
understood and approved from the outset, and their potential effects on the analysis 
can be estimated.

Nevertheless, as monitoring programmes become larger or more widespread, 
this approach will rapidly become impracticable. Standards and guidelines for mon-
itoring systems will then become very important, for the purposes of comparability 
and quality assurance, especially if routine monitoring is undertaken by commer-
cial interests. It has been suggested that in some cases (e.g. for heat meters on heat 
pumps), the best way of achieving this would be via a requirement for the monitor-
ing equipment to be a standard part of the system as supplied to the customer. This 
is also likely to be less costly than a retro-fitted monitoring system.
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3.16  Social and Behavioural and Renewable Heat 
Systems: Context

The performance of systems such as micro-wind and solar PV is relatively indepen-
dent of user behaviour, the main issue being whether the energy produced is used 
on-site or exported to the grid. However, renewable heat systems can be more sen-
sitive to user behaviour. For example, since the coefficient of performance of heat 
pumps depends upon the input/output temperature difference, then lower preferred 
internal dwelling temperatures can lead to improved efficiency. There are also a 
number of issues surrounding DHW production temperature and storage. Therefore, 
it can be important to consider monitored systems in the context of dwelling occu-
pancy and usage patterns.

Most users wish to get the best from their systems, but since the principles of 
operation may be unfamiliar, or even counter-intuitive, they may not have sufficient 
information or expertise to do so easily. This problem can be exacerbated by poorly 
designed or complicated control interfaces. An important area of future research 
will centre on designing controls which are user-friendly and encourage efficient 
system operation. Intelligent controls, with some element of remote management, 
may also prove advantageous, especially for the purposes of addressing grid-related 
issues. These types of innovations are likely to provide further opportunities for 
routine monitoring of systems.

3.17  Measuring the Performance of the Building Fabric: 
Aggregated and Disaggregated Performance

Many tools, techniques and methods currently exist that are capable of being de-
ployed in the field to measure a range of parameters relating to the building fabric’s 
in situ performance. These tools, techniques and methods can be separated into 
two very distinct categorises that describe the approach that they adopt to measure 
building fabric performance, namely:

• An aggregate approach.
• A disaggregate approach.

Those that adopt an aggregate approach are capable of capturing all of the complex 
inter-related heat transfer mechanisms that occur within a building, such as conduc-
tive and convective heat loss, radiation exchanges, bulk air movement and thermal 
bypassing. However, as they tend to aggregate all of the individual heat loss mecha-
nisms together, the resulting output is a single heat loss figure for the entire building 
envelope. Consequently, if this type of approach is adopted in isolation, then it is not 
possible to determine the heat loss attributable to the various aspects of the building 
envelope, such as background ventilation heat loss or the heat loss attributable to dif-
ferent elements of the buildings fabric (walls, floors, roofs, etc.). Only a very limited 
number of aggregate (whole building) approaches are currently available. Examples 
include the coheating test method (Wingfield et al. 2010; Johnston et al. 2013),  
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ISABELE (Bouchié et al. 2014), the Primary and Secondary Terms Analysis and 
Renormalisation (PSTAR) method (Subbaro 1988; Subbaro et al. 1988) and the 
Quick U-value of Buildings (QUB) method (Mangematin et al. 2012). Of the four 
aggregate methods available, two of the methods (the QUB and the ISABELE 
method) are currently under development and their use has primarily been limited 
to research and development purposes. The QUB test has been successfully used 
and the results compared, within an environmental chamber against the coheating 
method.

Quick U-Value of Buildings (QUB) is a very simple diagnosis method enabling 
the measurement of the heat loss coefficient in one to two nights. It is done by 
measuring the building’s temperature response to two consecutive thermal loads 
(Mangematin et al. 2012). Constant heat is driven into the building followed by a 
free cooling period, when the supply of heat is terminated. The QUB test has been 
performed with a range of heat loads and time periods; following a number of short 
studies, the procedure was found to give some surprisingly reliable results in less 
than 2 h, and more generally, uncertainties estimated to be around ± 15 % when the 
tests are done over a single night. Such dynamic tests and in-use tests, using simi-
lar energy profiles are likely to become more common in the future and could be 
integrated into smart monitoring technologies. Blind tests were conducted by Saint 
Gobain Recherche, Leeds Beckett University and Salford University as part of the 
Saint Gobain Energy House project, the results of both the performance of the retro-
fitted project and the cross-comparison of coheating and QUB tests were encourag-
ing (Saint Gobain 2014; British Gypsum 2014; Farmer et al. 2015).

With the two short dynamic methods, the application of the PSTAR method in 
the field has been limited, particularly in the UK, with the QUB test showing some 
encouraging results. However, due to the reliability of the full coheating test, the 
aggregate method that has seen most significant application in the field, both in the 
UK and abroad, has been the coheating test method. The only aggregate method that 
has seen significant application in the field and development, both in the UK and 
abroad, has been the coheating test method. In the UK, the coheating test method 
has become established as a recognised in situ test method to obtain an estimate of 
the overall heat loss coefficient (HLC) of an unoccupied dwelling and formed a re-
quirement of the recent Technology Strategy Board’s Building Performance Evalu-
ation Programme, which aimed to understand the key factors that influence the 
in-use performance of buildings (Technology Strategy Board 2010).

The vast majority of the tools, methods and techniques that are currently avail-
able adopt a disaggregate approach to measuring building fabric performance. This 
approach tends to involve measuring the heat loss attributable to a particular aspect 
or element of the building fabric in isolation, such as the heat loss attributable to 
a ground floor. Although it is possible to take the results that have been obtained 
from a wide range of disaggregate methods and aggregate them together, it is not 
practically possible to measure all of the individual heat loss mechanisms that oc-
cur within a building. In addition, it is also only practically possible to take in situ 
measurements from a very small proportion of the total surface area of the building 
fabric. Consequently, it is very difficult to try and replicate the results that have 
been obtained using an aggregate approach using disaggregate approaches alone. 
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Examples of disaggregate approaches include air flow measurement, cavity tem-
perature measurement, heat flux measurement, leakage detection, pressurisation 
testing, thermal imaging, tracer gas measurement and partial deconstruction of the 
building envelope.

3.18  Coheating Test Method

The electric coheating test method was first proposed by Socolow (1977) in North 
America in the late 1970s, with the first documented description of the test meth-
od being published by Sonderegger et al. in 1979. The test method was originally 
devised to determine the net efficiency of domestic heating and cooling systems 
(Sonderegger et al. 1979). It involved heating the dwelling electrically, using ther-
mostatically controlled portable heaters, to a constant internal temperature and then 
measuring the reduction in the electric heating required when the dwellings own 
heating system was operated. The term “coheating” was aptly used to describe the 
method, as two heating systems were required to be operated during the test. It was 
also found that by applying this test method, the overall aggregate heat loss coef-
ficient (in W/K) of the dwelling (both fabric and ventilation) could be determined.

The earliest documented use of the test method in the UK was in the mid-1980s 
(see Siviour 1985; Everett 1985), where it was developed to empirically determine 
the overall heal loss coefficient (HLC) and response to solar gains of unoccupied 
dwellings using portable electric resistance heaters only. Since then, the test method 
has seen very limited application in the field (for instance, see Bell and Lowe 1997) 
up until the last decade or so, most notably following development and application 
of the test method by Leeds Metropolitan University (now Leeds Beckett Univer-
sity) as part of the Stamford Brook Project. During this project, a modified ver-
sion of the electric coheating test method developed by Siviour (1985) and Everett 
(1985) not only identified a significant performance gap in new housing, but was 
also used to identify and quantify the party wall bypass heat loss mechanism (see 
Lowe et al. 2007). Following the Stamford Brook Project, the electric coheating test 
method was further refined and developed by Leeds Beckett University, resulting in 
the 2010 version of the Whole House Heat Loss Test Method (see Wingfield et al. 
2010). This version became recognised as an established test method in the UK 
when it was incorporated within the Post Construction and Initial Occupation stud-
ies undertaken under the Technology Strategy Boards (now Innovate UK’s) Build-
ing Performance Evaluation Programme (Technology Strategy Board 2010).

The latest version of the electric coheating test method described by Johnston 
et al. (2013) is a quasi-static state test method that has been developed to be applied 
to an unoccupied dwelling in the field. It is considered to be a quasi-static state 
test method, as the internal temperature conditions within the dwelling are held 
static, while the external conditions are allowed to vary dynamically in response 
to the external climatic conditions. The test method involves heating the internal 
volume of an unoccupied dwelling to a mean elevated homogeneous internal tem-
perature using thermostatically controlled electric resistance point heaters, and then 
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maintaining this temperature constant for a specified number of days, typically be-
tween 7 to 21 days. In addition to the electric resistance point heaters, electrically 
driven air circulation fans are also installed and strategically positioned within the 
dwelling to ensure that the internal air is adequately mixed and that there is minimal 
temperature stratification (see Fig. 3.12). In the UK, the mean-elevated internal 
temperature is commonly set at 25 °C to ensure that there is a sufficient temperature 
difference between the inside and the outside of the dwelling (ΔT) such that the 
primary direction of the heat flow is from the inside to the outside of the dwelling. 
The direction of the heat flow is also ensured by undertaking the tests during the 
heating season (October/November to March/April). This normally ensures that at 
least a 10 K ΔT is maintained throughout the test period. A mean internal setpoint 
temperature of 25 °C also ensures that the internal temperature lies within the range 
of temperatures that would normally be expected to occur within the dwelling dur-
ing occupation. During the electric coheating test, various internal and external pa-
rameters are measured, such as internal and external temperatures, solar radiation 
and the total electrical power input to the dwelling. By measuring these various pa-
rameters, the total daily heat input to the dwelling in Watts that is required to obtain 
a particular ΔT in K can be established.

Central to the analysis of the coheating test data is the assumption that the fol-
lowing energy balance holds true:

 (1)

Where:
Q = Total measured power input into the dwelling (W)
R = The solar aperture of the house (m2)

Q R S U A C TV+ = +( ). . .Σ ∆

Fig. 3.12  Diagrammatic representation of an electric coheating test [Source: Brooke-Peat 2015]
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S = The total amount of South facing solar radiation (W/m2)
ƩU.A = Total fabric heat loss (W/K)
Cv = Background ventilation heat loss (W/K)
ΔT = Temperature difference between the inside and the outside of the dwelling (K).
An estimate of the raw uncorrected heat loss coefficient (HLC) in W/K for the 

dwelling can then be determined by rearranging the energy balance such that:

 (2)

By plotting the daily heat input in Watts (Q) against the daily internal and external 
temperature difference in Kelvin (ΔT), the resulting gradient of the plot gives the raw 
uncorrected heat loss coefficient. An example of such a plot is shown in Fig. 3.13. 
The raw uncorrected heat loss coefficient can then be corrected to take into account 
external environmental effects, such as solar radiation, by applying multiple linear 
regression analysis techniques. Further details regarding the techniques that can be 
used can be found within Johnston et al. (2013). An example of a plot using the mul-
tiple linear regression analysis method to account for solar radiation is illustrated 
in Fig. 3.14.

Although the electric coheating test has been around for some considerable 
time, widespread application of the test method in the field in both the UK and 
abroad has been limited. The reasons for test methods limited application in the 
field include:

• The dwelling needs to be unoccupied during the entire test duration.
• The test duration is relatively long, typically between 1 and 3 weeks.

Σ ∆U.A Cv Q+R.S T+( ) = ( ) /

Fig. 3.13  Example plot of the raw data obtained from a coheating test

 



C. Gorse et al.58

• Access to the dwelling needs to be restricted throughout the test duration to the 
minimum required to ensure that the test is proceeding satisfactorily.

• All electrical items of equipment need to be isolated during the test, such as 
fridges, freezers, MVHR units. This may be problematic in the existing dwell-
ings.

• The test can only be undertaken within a restricted time period which may not 
coincide with dwelling completion. In the UK, this time period is restricted to the 
heating season, typically between October and March to minimise the impact of 
solar heat gains on the building fabric and to ensure that a sufficient daily aver-
age ΔT is maintained.

• When undertaking the test, there is no guarantee that a confident estimate of the 
HLC will be obtained, as it is highly dependent upon the environmental condi-
tions experienced during the test.

• The dwelling needs to have sufficiently dried out prior to commencing the test. 
Otherwise, the rate of heat loss measured could be exaggerated if there is any 
residual construction moisture in new builds and renovations, or moisture build 
up on older buildings. The additional advantage of ensure that the dwelling has 
dried out, before heating the building under test conditions, is that the potential 
for surface condensation and mould growth is considerably reduced.

• There is currently no recognised international test standard on electric coheating, 
although a draft CEN test standard is currently under development.

• There is a lack of testers with sufficient experience of undertaking the test 
method.

• The financial costs, amount of equipment and time required to undertake the test 
can be prohibitive.

Fig. 3.14  Example plot of solar corrected data obtained from a coheating test
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In recent years, some concern has also been raised regarding the reliability and 
practicality of the electric coheating test method and the level of uncertainty 
associated with the estimated HLC (see Butler and Dengle 2013). There are vari-
ous uncertainties associated with the test method that may have an impact on the 
reliability and repeatability of the estimated HLC. The main areas of uncertainty 
relate to errors associated with the data analysis, errors associated with the mea-
surement of various parameters, procedural errors and the individual circumstanc-
es surrounding the particular test (e.g. the external environmental conditions, the 
thermal mass and capacity of the building envelope and the moisture content of the 
individual building materials). Data analysis errors can be minimised by ensuring 
that appropriate analysis techniques are used and care is taken when analysing the 
test data. Measurement errors can be minimised by ensuring that the test equip-
ment is suitably calibrated. Procedural errors can be minimised by ensuring that the 
test method protocol is carefully followed and that experienced testers undertake 
the test. However, the uncertainties associated with the circumstances surrounding 
the test are much more difficult to minimise, as they are not only highly context 
dependent, but more often than not are inter-related. One of the few authors to have 
explored the uncertainty associated with some of the environmental conditions is 
Stamp et al. (2013). They concluded that under cold low solar conditions, unbiased 
estimates of the HLC could be obtained in highly glazed heavyweight dwellings. 
However, in the same highly glazed and heavyweight dwellings, under high solar 
conditions, the HLC may be underestimated.

Leeds Beckett University has also undertaken work on the repeatability and re-
liability of the electric coheating test. The results obtained from a repeat test on a 
dwelling located in the field, as well as a series of tests at different ΔT’s on a dwell-
ing located within a test chamber, revealed no significant difference in the measured 
HLC. Although the results obtained from these different tests do give a degree of 
reassurance in the repeatability and reliability of the electric coheating test meth-
odology, it is recognised that further research is required to gain a more thorough 
understanding of the uncertainties involved in the test method.

3.19  Summary

This chapter has introduced some of the issues that need to be considered when 
attempting to understand and measure the thermal performance, energy behaviour 
or occupants and energy demand of building in use. As understanding is developed 
into the behaviour of buildings, occupants and services, we need to feed this infor-
mation into models, simulations and designs, so that we can improve predicted per-
formance. This chapter should also be read with the supporting chapters on building 
performance.
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Visualisation of Building Operation
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4.1  Introduction

In its broadest definition, sustainability entwines environmental, economic and social 
concepts. Due to its socioeconomic and environmental significance, construction in-
dustry has its fair share of contribution to sustainability agenda (Pitts 2008). In most 
industrialised countries, buildings account for about 40 % of total energy use and 
around 30 % of greenhouse gas emissions ( Autodesk 2008 for US). The scale of the 
impact may vary at different phases of project life cycle but all phases play a contribu-
tory role. While the operation phase consumes, by far, the biggest share of the life 
cycle cost and time, the decisions at the design phase are likely to exert widespread 
implications, affecting all other phases including maintenance and demolition.

Typically, performance evaluation and analysis are made after the design is de-
veloped rather than during. Further, in most cases such decisions are made to ex-
amine project cost rather than considering the lifecycle impact of the decisions. 
On occasions where evaluation tools are used, they are applied in isolation rather 
than examining their combined effect. Apart from adverse impact on project per-
formance, the lack of holistic and integrated analysis of life cycle performance will 
undermine sustainability priorities (Schueter and Thessling 2008).

A collaborative integrated environment underpinned by visualisation and ana-
lytical tools, offers intelligent sharing of coordinated multidisciplinary information 
throughout the whole project life cycle, and the decisions at the design phase in 
particular. The consideration of sustainability at the design phase can manifest itself 
in a variety of ways (Azhar et al. 2009); examples include material selection, site 
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selection, management (Hardin 2009), energy demand (Autodesk, Inc 2008), ther-
mal analysis, ventilation and air flow, solar analysis, resource management, shading 
design, carbon emission, building orientation, daylight analysis and water reaping 
(Krygiel and Nies 2008).

Through defacto industry standards language such as gbXM, major providers 
such as Graphisoft and Autodesk offer packages to transform building information 
to a diversity of sustainable building performance analysis solutions. Particularly, 
with the development of building information modelling, BIM), the range of tech-
nologies that support building sustainability evaluations has been on the increase, 
particularly during the past decade (Azhar et al. 2008; Kriegel and Nies 2008; 
Gleeson 2008). Examples include Autodesk EcotectTM, Autodesk Green Building 
Studio (GBS); Autodesk1 Virtual Environment; Hevacomp, Energy Plus, Delight; 
Radiance; HEED; Homer; Virtual DOE; Bentley HEVACOM and Bentley TAS; 
Climate Consultant. EcotectTM, by Autodesk, for instance, offers energy analysis, 
thermal analysis and lighting/shading analysis. It is ‘a complete building design 
and environmental analyses tool that covers the full range of simulation and analy-
ses functions required to truly understand how a building design will operate and 
perform’ (Autodesk, Inc 2008). Another Autodesk product is Green Building Stu-
dioTM (GBS) which is web-based service for energy and thermal analysis, lighting 
and shading analysis, and value/cost analysis. It helps to evaluate the environmental 
impact of individual building components early in the design process. Alternative 
solutions include Integrated Environmental Solutions (IES)1 and Virtual Environ-
ment (VE)TM software. It provides a suite of integrated building performance 
analyses tools for solar, lighting, energy, costs and egress, as well as other variables.

The technology to view an object like a building (or any of its components) ‘in 
time’ has long been developed and exploited by practitioners and researchers alike. 
By using this technology we are able to view a building from different viewpoints. 
At the turn of the twentieth century this debate inspired artists such as Picasso to 
depict a multi-perspective view of a face in one image, as if time is frozen at a mo-
ment (Fig. 4.1). However, there has been very little work facilitating visualisation 

Fig. 4.1  Painting by Picasso 
(artnet.com)
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of a building ‘though time’—viewing it as it degrades over time. This objective 
will require understanding of the time-related behaviour of building materials and 
components and its representation in visual form.

In this chapter, the overall model of degradation visualisation is presented and 
its application is shown by focusing on two example areas: lighting and flooring 
systems. For the lighting system, the visual impact of intrinsic and environmental 
factors is discussed. For the flooring system, the main challenge proved to be as-
sociated with the identification and visual presentation of peoples’ patter of move-
ment. This process is mathematically modelled and visually presented via virtual 
reality modeling language (VRML).

4.2  Building Maintenance

Building maintenance is a complex and costly activity that spans over a large part of 
building life cycle. Generations of building maintenance approach have consisted 
of both planned and unplanned maintenance (BS 3811 1984). The planned mainte-
nance is intended as a corrective measure so as to avoid problems prior to their oc-
currences, although, this is not always the case. The unplanned maintenance can be 
grouped into corrective and preventative maintenance which itself is further subdi-
vided into scheduled and condition-based maintenance. The predictive maintenance 
approaches aim at user comfort, though at a cost. The preventative maintenance 
attempts to reduce the cost of unnecessary recovery through regular inspections. 
The corrective approach removes the cost of inspection through timely provision 
of maintenance. On the other extreme is the maintenance on demand, where the 
focus is on cost saving rather than user comfort. The choice of these approaches is 
not only governed by cost, on the one hand, but also factors like building classifica-
tion, visibility and affordability (Akizuki 2000). Other choices are based on deci-
sion criteria such as the knowledge of local expertise, regulations and consequence 
(Bertelsen and Nesje 2000).

Despite their differences, these categories of building maintenance tend to either 
compromise cost or user comfort. In other words, the corrective measure is taken 
earlier or later than the expected time. The balance between the two options has 
highlighted the benefits of the third alternative to building maintenance, namely, 
the just-in-time approach. However, the successful implementation of this approach 
is contingent upon the evaluation of the behaviour of building elements over time. 
Previous attempts to examine this behaviour date back to late 1970s and early 1980s 
(Arendarski 1978; Thierry and Zalewski 1982). The more advanced approaches 
include the use of multi-criteria technique and using artificial neural networks and 
fuzzy set theory (Urbanski and Waszczyszyn 2002).
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4.3  Event and Effect Model

A building consists of a definite number of elements. They are typically categorised 
in a number of hierarchical layers ranging from substructure, internal finish and fit-
ting to wall finish, flooring, ceiling and then walls, doors and then door handles, etc. 
Building elements degrade over time thus necessitating corrective measures, such 
as repair or replacement. The deteriorations are primarily due to buildings’ interac-
tion with its environment through events acting upon them. In other words, an effect 
is produced as a result of an event acting upon building elements. These effects are 
diverse in nature and include colour rendition, surface texture, shape, mortality, 
erosion, corrosion, loosing reflective, absorption and transmission properties. The 
events are also diverse including rain, wear, temperature, people, air movement, 
long-wave radiation, chemical attack, biological attack, fire, man-made disaster and 
natural disaster.

The effect of events on building elements is manifested through the interaction 
of the composite parts of the events, namely agents, (e.g. water: rain) on the con-
stituent component that make up an element—the Parts. In other words, it is the 
water base of the rain that creates corrosion by coming into contact with the metal 
part of the element. Naturally, if the metal is protected by plastic covering, there 
will be no corrosion as the water will not come into contact with the metal. This is 
shown in Fig. 4.2.

There are events that can be categorised as auxiliary events: For instance rain 
is an event which manifests its effect through water. Also, pollution is an event 
which acts upon a building through its chemical compounds. However, when the 

Fig. 4.2  Basic event–effect model
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two events rain and pollution are combined, an auxiliary event—acid rain—is pro-
duced which will have a different effect on the building. This is shown in Fig. 4.3.

Similarly, the combination of two or more events can result in the activation of 
auxiliary elements. For instance, if the steel part of the cladding is covered by plas-
tic coating, no effect will be fired and no corrosion will be expected to occur. But, a 
type of event, ‘vandalism’ could cause damage to building cladding and expose the 
steel part, thus, making it vulnerable to corrosion-effect. Figure 4.4, shows that the 
introduction of an auxiliary event layer facilitates the incorporation of the impact 
of combined events. Unlike the previous case where both layers contained the same 
agents, here, a new Auxiliary event is created.

Figure 4.5, shows the final event–effect model that takes auxiliary events into 
account.

pop
utio

Fig. 4.3  Combined effect of two or more agents. Example: agent-water plus agent-pollution = 
active agent-acid

 

Fig. 4.4  Combined effect of two or more events. Example: event-rain plus event-vandalism-x = 
active link to component-cladding-element-steel
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4.4  Maintenance System Tools

The practical transformation of scientific approach to the management of informa-
tion, in aid of building maintenance planning, commenced with use of computers 
during the 1970s. This paved the way for systematic collection of maintenance-
related data. By the early 1980s, the use of centralised databases and computer pro-
grammes for building maintenance had grown amongst companies which either had 
dedicated departments or used external maintenance consultants (Pettit 1983; Davis 
1990). With the advents of computing and emergence of computer-aided design 
(CAD), a number of specialised systems were introduced by industry and research 
community. During this period, the concept of whole-life analysis and life cycle 
costing formed part of the agenda. Examples of the new generation of facilities 
management system include FrontLineTM, WLCAT by BRE (Edwards et al. 2000). 
Whole life cost (WLC) Comparator (Edwards et al. 2000).

Developments in this area resulted in the ability of actors to examine the trade-
off between different elements of sustainability, as well as best-value analysis. This 
was further assisted by rise of World Wide Web environment. ENVEST2 (http://en-
vestv2.bre.co.uk/account.jsp) which has a strong sustainability angle by examining 
the environmental influence of building elements. Tool for Office Building Upgrad-
ing Solutions (TOBUS) (Flourentzou et al. 2002) is applicable to office refurbish-
ment and aims to align the energy and indoor environmental performance with the 
needs and expectations of office users. With the increasing interest in life cycle con-
siderations, the attention was directed at the post-construction phase. SUREURO 
(Bueren et al. 2002), for instance, offered insight into sustainable refurbishment. 
PLACE3S (U.S. Department of Energy 1996) is a system that contains informa-
tion about the behaviour of element. This is designed for communities to devel-
op a more sustainable urban planning. Another timely US product is CITYgreen  

Fig. 4.5  Extended model of events–effects

 

http://envestv2.bre.co.uk/account.jsp
http://envestv2.bre.co.uk/account.jsp
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(http://www.americanforests.org/) that focuses on forest preservation, which uses 
scenario-based approach to modelling. A project with a more focused view of finan-
cial strategies, is INVESTIMMO (FRANCO 2002), which is a decision aid tool that 
takes building degradation into account, albeit, in a limited way. Further, its visual 
examination of time-based behaviour of building elements is simply video clips of 
their state over time. Another research-based source on environmental assessment is 
the Green Building Challenge (GBC) (http://greenbuilding.ca/). In the USA, much 
of the practical approach to sustainability is driven by the California Energy Com-
mission in Sacramento. Their original Guideline Sustainable Building (California 
Energy Commission 2000), leading to ‘building passport’, laid the foundation for 
future developments.

4.5  Visualisation of Building Operation

Building maintenance is a data-intensive function. While the service life and life 
cycle data form the basis of decision-making, these data are heterogeneous in na-
ture: they are multi-scale; qualitative versus quantitative; and multi-disciplinary. 
Their accumulation, structuring and abstraction offer significant challenges. The 
complexity is exacerbated by the high level of uncertainties surrounding the con-
struction data. These complexities have generated a degree of pragmatism towards 
providing practical solutions. The development of maintenance solutions com-
menced with increasing attention to maintenance data. Indeed, the overwhelming 
volume of building maintenance data has hindered their practical use (Al-Hajj and 
Horner 1998). Some of the maintenance tools have addressed the need for a more 
qualitative approach to maintenance data. EuroLifeForm (Kirkham 2004) for in-
stance, facilitates application of statistical analyses of data relating to time-related 
behaviour of building element. LIFECON1&2 (Sarja 2004) did the same but placed 
the focus on the deterioration of concrete infrastructure behaviour under different 
climatic environments.

The application of the just-in-time approach to maintenance programming too 
requires extensive data, as it relies on the identification of the correct time of inter-
vention for each element. This research aims to address this issue by using a visual 
tool and approach. The visualisation techniques can be effectively used in aid of life 
cycle decision-making in various ways. In particular, visual-enabled decision-mak-
ing for early design choices offers the potential to combine astatic desirability with 
social, economic and environmental objectives. The developments in visualisation 
technologies have paved the way for the achievement of this objective (Rosenman 
et al. 2007), however, some challenges still remain (BSI 2012).

The combination of human vision, the expert knowledge and computation tools 
enables conversion of large volume of diverse date into information and knowledge. 
Information visualisation is a new but growing area of science. One definition of 
information visualisation is given by Card et al. (1999) as ‘The use of computer-
supported, interactive, visual representations of abstract data to amplify cognition’. 

http://www.americanforests.org
http://greenbuilding.ca
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Already, there has been a diversity of efforts to address sustainability issues involv-
ing a form of visual aid (Kamat and Martinez 2001; Dawood and Mallasi 2006). 
Other tools have addressed focused areas such as building design and analysis of 
construction equipment (Lipman and Reed 2000), as decision tools (Flanagan 2002) 
and for planning and scheduling (Haymaker and Fischer 2001). The use of the vi-
sualisation tools for building operation phase has been less frequent. EPIQR (Jaggs 
and Palmer 2000) use multimedia representation of cases to offer refurbishment 
decisions for apartment building. EPIOR was then combined with TOBUS to devel-
op XENIO (http://env.meteo.noa.gr/xenios/) which offers a multimedia to achieve 
cost-efficient renovation; INTELCITY was a research effort to develop sustainable 
cities; and LIFETIME (www.rte.vtt.fi/QuickPlace/lifetime_public/Main.nsf) places 
the emphasis on design management and maintenance planning.

4.6  Time-Based Visualisation Model

The general model of the 4D visualisation of building degradation is shown in 
Fig. 4.6. The three main parts of the model are the data management, simulation 
and presentation. The database containing the behaviour of building elements is 
separate from that containing the state of the current building objects. The simula-
tion part interacts with the aforementioned event–effect model and relies on the 
time-related data relating to building elements. For the most part these are provided 
by the manufacturers of the products. Typically, these behaviours are represented by 
a probability distribution function (PDR), such as that shown in Fig. 4.7.

Fig. 4.6  Generalised simulation model

 

http://env.meteo.noa.gr/xenios
http://www.rte.vtt.fi/QuickPlace/lifetime_public/Main.nsf
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The presentation part—visual user interface (VUI) can be facilitated through 
various means. With the development of sophisticated BIM solutions and their in-
creasing ability to interact with interoperable software, the VUI part needs not be 
developed independently (Holness 2008; Stephen 2009). Nonetheless, the propose 
model considers VUI as a separate autonomous part. This independence is essential 
to ensure scalability, extensibility and reusability.

4.7  Lighting System

Light is a sort of electromagnetic wave which is generated by the elevation of elec-
trons between two different orbits with positive potential energy difference. The 
main components of a light (luminaire) are the bulb (producing light), reflector (all 
sources reflecting the light) and shade or filter, (controlling the degree of transpar-
ency). Different types of light source are included into atmospheric, spot and nor-
mal (Sorcar 1979).

Atmospheric: atmosphere is a source of light (in a dark night, without the moon, 
still remains some light produced by the atmosphere). This is similar to the inside 
of a neon lamp.

Spot: a focused source of light that is small compared to the surrounding.
Normal: here the size of the light source is comparable with surrounding objects.

4.7.1  Light Source Behaviour

The performance of a light source is assessed in terms of its lifespan and lifestyle. For 
the most part, both of these behaviours are explained by their respective probability 
distribution functions (PDF). The x-random variable in Fig. 4.8 reflects the prob-
ability of death (the area of the curve between X = 0 and X = ∞ is 1) (Laplin 1990).

Fig. 4.7  Generalised life span model
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The illumination performance (lifestyle) of a light source follows an exponential 
form, though better represented by a normal distribution curve. This is shown in 
Fig. 4.9.

There are several variables that impact on the performance of a man-made light 
source. However, there are only a handful of variables with appreciable effect. 
These variables are as follows:

Life: Each luminaire has a lifespan, which is calculated based on statistical average 
lifetime of the same type of luminaires.

Age: the age of a light source changes the colour of the illumination, typically shift-
ing towards yellow.
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Fig. 4.8  Exponential representation
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Fig. 4.9  Normal PDF for illumination reduction
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Dirt and Dust: the pollution in the environment can change the reflection factor of 
the reflector, the shade colour and the transparency factor. As shown in Fig. 4.10, 
sometimes the pollution converts them into a normal light, as the dusts can re-
flect or filter the light.

As in the case of atmospheric light, pollution affects the impact of light by increas-
ing the pollution, the atmospheric light will also increase. However, this parameter 
is not time-dependant but at any given time, different pollution factors can generate 
different atmospheric effects.

Usage: the pattern of usage (e.g. frequency, length, etc), of a luminaire tend to 
impact on the life–death status of the bulb.

Room Temperature: the room temperature can increase or decrease the life of a 
light bulb. In high- and low-temperature places, the lifetime is shorter than normal.

Voltage: a slight increase or decrease in the expected voltage can reduce or in-
crease its life.

The incorporation of the above variables, such as temperature ( T) and voltage 
( V), requires the identification of the mean value (µ) which basically is the number 
of life hours ( life).

The algorithm for the implementation of the above within the overall visual degra-
dation model for the lifespan representation is shown in Fig. 4.11.

The visual representation of the illumination behaviour (lifestyle) requires three 
separate set of expressions for red, green and blue (RGB) parts. An example of the 
algorithm for incorporation of the dust factor into the lifestyle is in Fig. 4.12.

The lifetime variance function that includes all adjustment factors (AdjFactor) is 
therefore, decomposed into constituent RGB models are shown in Fig. 4.13.

The simulation of light-source lifespan requires a different PDF. This is typically 
based on a Beta-PDF, expressed as follows:
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The incorporation of external variables such as temperature and voltage will require 
the following adjustments:
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Fig. 4.11  Generalised lifespan algorithm

 

Color of Component I at the time T
Red  =Initial_Red_Colour*PDF_FNr(I,T)
   *DustFactor;
Green=Initial_Green_Colour*PDF_FNg(I,T

)
   *Dust_Factor;
Blue =Initial_Blue_Colour*PDF_FNb(I,T)
   *Dust_Factor;

End of Colour calculation.

Fig. 4.12  Visualisation algo-
rithm dust factor
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Extending the above to include all variables, the lifespan representation is given in 
Fig. 4.14.

4.7.2  Visual Representation of Lighting Systems

Whatever the choice of VUI, it needs to be able to interact with the simulated data. 
Here, for ease of use and for demonstration purpose, VRML is used, as it provides 
easy transformation of statistically generated data into visual form. VRML has clear 
definition for spot, point and directional lights. It also provides parametric control 
of positions, state and performance (ISO/IEC 14772-1:1997 1997). The basic model 
starts with Fig. 4.15, showing two light sources (one creating a shadow) and a table 
in a room.

Fig. 4.13  RGB channels normal PDFs

 

Fig. 4.14  Lifespan model
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Figure 4.16, shows how VRML parameters can be changed to reflect the visual 
impact of aging of the light sources.

Figure 4.17 demonstrates the combined visual impact of aging, dust, grease and 
dirt, all implemented through the interaction between the statistical data and VRML.

4.8  Flooring Systems

There has been very few works on life cycle performance of flooring systems, par-
ticularly with visual representation. But examples do exist (Capper et al. 2012). The 
main challenge associated with realistic visual representation of the degradation of 

Fig. 4.15  Base model using 
VRML
 

 Fig. 4.16  Visual impact of 
aging

Fig. 4.17  Visual impact of 
environmental factors
 



774 Construction Sustainability Through Visualisation of Building Operation

building flooring system is to determine the pattern of flooring usage, which can be 
used to map the level of usage.

4.8.1  Behavioural Pattern

The realistic depiction of the degradation of building flooring systems requires un-
derstanding of peoples pattern of behaviour within buildings. This is because not 
all parts of the flooring systems degrade equally. Ground breaking works in this 
filed include those by Sommer (1969) on personal space and Hall (1966) on prox-
emics. Spatial behaviour is influenced by the physiology, personality, social group 
membership and culture of an individual and the environment in which s/he oper-
ates. While ergonomics, looks at human physiological process to the performance 
requirement of work tasks, anthropometrics, involves the detailed anatomical mea-
surements of the human being and behavioural capabilities. (Morgan et al. 1963; 
Dreyfuss 1967).

Human factor analysis suggests that the human movement patterns are the prod-
uct of anthroposophy. From anthropological perspective, two approaches have been 
identified for analysing human spatial behaviour:

• Activity system (Chapin 1968); addressing the organisation of the sequence of 
activities in a setting.

• Behaviour Settings (Barker 1968); examining the relationship between the set-
ting and a recurring pattern of behaviour.

For the purpose of this research, it is imperative that human pattern of movement 
is presented in a formulated manner, preferably with mathematical representation. 
To this end, the behavioural setting has been used. Anthropology, explains human 
behaviour on two basis:

• Anthroposophy; dealing with human wisdom in his environment.
• Anthropocentric; dealing with human centric tendencies.

The two principles combined suggest that humans tend to seek wisdom and place 
themselves at the centre of their world. Subsequently, while there is a centric ten-
dency to form colonies, humans desire to distance themselves from each other. The 
application of the above description on the behavioural pattern of an individual can 
be mathematically represented as follows:

x is the random variable and y determines the centrality of the behaviour.
Figure 4.18, shows the distribution patterns for 1, 2 and 3 species. (centrality se-

lected at 2 which is almost in the middle of the arbitrary scale from 0 to 5 m where:
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The distribution pattern is affected by the number of subjects. The following expres-
sions represent graphs b and c for two and three subjects respectively.

The model is then expanded to represent the population or colony of subjects, by 
integrating form n number of subjects, when n approaches infinity. The expression 
representing the colony is as follows:

The expansion of the above over n subjects as n approached ∞ (within the arbitrary 
span of i = 1 to j = 5) is shown by the curve in Fig. 4.19, which shows properties 
similar to normal distribution.

The term ‘anthropy’ is coined to refer to this concept. The plan view and the 
three dimensional (3D) representation of an anthropy is shown in Fig. 4.20.

The application of the above principal to single-entry and open-ended corridors 
are shown in Figs. 4.21 and 4.22 respectively.

An example of the plane view of a combination of an anthropy and two open-
ended corridors is shown in Fig. 4.23.

a(x) = f(x,2)

b(x) =
f(x, 0) + f(x, 4)

2
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Fig. 4.18  Probability of 1, 2 
and 3 creatures
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4.8.2  Visual Representation of Flooring Degradation

Having identified the density pattern of the use of a flooring system, the next chal-
lenge is to create a visual representation of the degradation of the flooring system. Fig-
ure 4.24, shows a sample of a brand new carpet and the same in a heavily used state.

The realistic representation of the degradation involves weighted texture map-
ping of the patter of usage from the new to old carpets. This is shown in Fig. 4.25.

4.8.3  Anti-Anthropy

In real life situations, flooring systems are filled with various objects which tend 
to influence the way the carpet is degraded. Tables, for instance, tend to protect the 
surrounding carpet. Therefore, the real life scenarios are made up of a combination 
of anthopies and anti-anthropies. Figure 4.26, is a plan and virtual views of super-
imposition of an anti-anthropy, created by a round table, on an anthropy.
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Fig. 4.19  Shows g(x) for 
i = 1 and j = 5
 

Fig. 4.20  Plan view and 3D: probability of n subjects
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Fig. 4.21  Probability of appearance in a single-entry corridor

 

Fig. 4.22  Probability of appearance of n subjects open-ended corridor

 

Fig. 4.23  Movement density 
pattern room with two doors
 

Unused Carpet Texture

Used Carpet Texture

Fig. 4.24  Used and unused 
carpet texture
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4.9  Conclusions

The chapter reiterated the importance of an effective building maintenance pro-
gramme in life cycle costing, life cycle services and facilities management provi-
sions. The significance of building maintenance and its impact on sustainability 
has been highlighted and argued that the current maintenance solutions tend to ei-
ther compromise the interest of end users of the building or they are uneconomi-
cal, as they generate waste. Therefore, just-in-time solution has been offered as a 
method for overcoming these shortcomings. However, the achievement of just-in-
time solution will require experiencing the building twice, which is deemed to be 
impractical. Subsequently, it is proposed that the first experience of living in the 
building can be based on a virtual environment. The achievement of this task re-
quired the development of the visual simulation of building degradation over time. 

Fig. 4.25  Mapped used carpet texture

 

Fig. 4.26  Movement density pattern and actual room with a table
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This process entailed the development of the overall model which consists of data 
management, simulation and visualisation. It also required event–effect model that 
would simplify the complex rules governing the impact of events on the building 
via its components.

The chapter demonstrates the practicality of the proposed model by focusing on 
the lighting and flooring components of the building maintenance. The behaviour of 
these components have been examined and expressed mathematically, which inter-
act with the data representing the time-based performance of building elements as 
they degrade. For the lighting system, different types of light source have been iden-
tified and the impact of intrinsic and environmental parameters has been evaluated. 
As for flooring systems, the main challenge proved to be the identification of den-
sity movement of people defining the pattern of usage and determined the way the 
flooring system is degraded. To this end, the behaviour setting view of anthropology 
was exploited. A mathematical model was generated to represent this behaviour. 
Further, PDFs were used to generate the mathematical equivalence of the lifetime 
function of the items. They describe the behaviour of each item through time and 
enable the computation of the percentage damage or change in the status of the item.

The proposed visual approach will provide an integrated approach to the evalu-
ation of the status of building elements. This approach has the potential to facilitate 
development of an optimum maintenance program, based on the just-in-time meth-
odology.
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Chapter 5
Sustainable Facilities Management (SFM) 
Delivering the Optimum of Cost and Value

Jim W. Ure and Azad Camyab

What is SFM?
The concept of SFM is simple: it is facilities management (FM) that makes a prima-
ry commitment and contribution to sustainable development, as defined by Brundt-
land in 1987: ‘meeting the needs of present generations without compromising the 
ability of future generations to meet their own’ (Brundtland 1987).

Clearly, SFM must be compatible with, and support progress to, sustainable de-
velopment. To that end, SFM is defined as follows:

It is a facilities management process that optimises financial, environmental and 
social factors in support of the primary purpose of the organisation.

This chapter addresses SFM under the three main themes of financial, environ-
mental and social.

5.1  Introduction

While organisations continue to step up their corporate response to be sustainable, 
facilities managers will be increasingly expected to deliver a support service that 
provides the optimum of cost and value. The FM sector is now expected to deliver 
a sustainable service that is an integral part of FM rather than a ‘bolt-on’ enhance-
ment to traditional FM.

With the application of SFM, they can deliver both simultaneously, more from 
less: for example using fewer resources, better supporting staff needs, and reducing 
all forms of waste in pursuit of more sustainable operation. SFM is not a cost burden 
but a cost benefit. If it costs more than the value it produces, it is not sustainable. 
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Simply, it is an optimisation exercise. However, the optimisation of the many com-
peting factors is not always as easy as it sounds. The starting point is to identify the 
relevant factors and then rank their importance to the organisation’s business and 
the wellbeing of the people who serve it.

While the realisation of SFM is not as easy to achieve as the concept may 
 suggest, those who rise to the challenge will reap substantial reward and deliver 
benefits to all stakeholders. The opportunity for facilities managers to lead the way 
in the delivery of sustainable design, construction and operation of their own build-
ings and infrastructure is enormous. They also have a unique and real opportunity 
to influence progress to sustainable operation in their organisation’s core business.

With this in mind, it is clear that the FM sector has a substantial responsibility 
in the delivery of sustainability for all stakeholders. FM training and career devel-
opment should therefore provide a thorough understanding of the implications of 
sustainable solutions and their impact on the supply and demand chains.

SFM must:

• Deliver an environment that provides a positive feeling of wellbeing for the 
workforce, enabling them to maximise their contribution to the primary purpose 
of the organisation.

• Encourage and support boardroom aspirations for improved corporate social re-
sponsibility (CSR) and corporate responsibility (CR) while delivering increasing 
value and wealth for the shareholders or, in the public sector, ever-improving 
service to the community.

• Demonstrate that the environmental impact of operating the facilities is the mini-
mum needed to deliver the business goals.

• Optimise operating cost and value delivered.
• Create and maintain positive impacts for all other stakeholders.
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The Vision can therefore be formulated as:
Sustainable facilities for sustainable organisations resulting from facilities man-

agement that embraces design, construction, operation and reuse as a seamless, 
 holistic and continuous process. Organisations and all their stakeholders will be 
committed to providing better working conditions that encourage social progress 
while reducing environmental impact, at appropriate cost.

5.2  The Opportunity

There are few professions and market sectors associated with property and 
 construction that have experienced such growth in recent years as has FM. Coupled 
with that growth, FM has enjoyed increased influence on building design, building 
operation and other non-core business requirements. The background and experi-
ence of facilities managers also provides them with a broad understanding of the 
issues that influence the success of the core business. The services and activities for 
which they are responsible have substantial impact on the environment and on the 
wellbeing of the building occupants.

FMs are therefore uniquely placed to bring the concept of sustainable develop-
ment to their organisations through SFM. It is by our actions that we show our 
commitment. If this seems far-fetched, consider for a moment the influence a good 
caretaker can have in a good school.

Put simply, most of the opportunities for an organisation to improve its own 
operations—social, ecological or economic—are commonly presented during the 
operation phase of any facility—the all-important building life cycle stage follow-
ing the frantic and relatively short-lived ‘design and build’ stages.
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Opportunities for change are not confined to the decisions taken by owners and 
designers during the design phase. These ‘procurement’ decisions are clearly vital 
to successful operation of the facility, and FM influence should be involved from 
the outset of a project. Many, if not most, opportunities to become more sustainable 
arise in the operation stage of the building life cycle rather than at the procurement 
stage.

Many organisations will already be developing or operating some form of 
 environmental management strategy. This is the first step to sustainable business 
conducted from sustainable facilities. But the step from sensible environmental 
management to sustainable operation is enormous. It requires a long-term com-
mitment to improve environmental, social and economic impacts, without giving 
undue priority to anyone.

Most organisations that are perceived as wholesome and caring have achieved 
this important perception by addressing the environmental, ethical, economic and 
social influences of their business. SFM provides a holistic structured approach to 
develop and implement what enlightened organisations have realised intuitively as 
sound business sense for some time.

As with environmental management, a strategy to achieve sustainability must 
be dynamic. It must be capable of embracing new ideas and technologies as these 
develop. Facilities managers who understand this, and who can implement a pro-
gressive migration strategy, should enjoy a prosperous and satisfying future.

The key message is therefore we require buildings that are fit for purpose, fit 
for people and fit for the planet. This vision will be delivered by SFM.

The place to start in making a contribution to sustainable buildings is to apply 
what we already know. It is not necessary to wait until we have all the answers 
before we start. Improving energy efficiency will, for the foreseeable future, play a 
major part in reducing environmental impact, and the opportunities here are enor-
mous.

5.3  Serving the Business and Society

Buildings and their operation often form a substantial part of the facilities man-
ager’s workload, but only in so much as they are a necessary to serve the busi-
ness. A successful SFM strategy limits the environmental and social impacts to 
enable an organisation to meet or exceed its business plan. This should include 
occupying the minimum space necessary to conduct its business.

As organisations migrate from environmental management to sustainable de-
velopment they will take greater account of the social impacts of their activities. 
The facilities management profession has therefore an unparalleled opportunity to 
become more involved with the effect that buildings will have on their neighbours. 
This will be more than simply complying with noise and pollutant regulations. 
It will mean finding ways to integrate with the community and to seek common 
goals.

J. W. Ure and A. Camyab 



89

Essential components of a robust SFM strategy include the following:

• Carbon and energy management (CEM) policy and strategy that is endorsed 
at the organisation’s executive level, agreed by senior management and shared 
with all stakeholders.

• Optimal operating strategies (OOS) using continuous commissioning 
 (ConCom) to ensure sustainable operation of facilities. This requires a thorough 
understanding of the building life cycle and having a strategy that will prepare 
the organisation to reduce environmental impact as opportunities arise.

• Post-occupancy evaluation (POE) using overall liking score (OLS) provides 
structured occupant feedback which will form an essential part of the SFM. It 
enables facilities managers to take informed decisions about the working envi-
ronment created by the facilities they operate.

• Performance-based service provision (PBSP) results in the optimum of 
cost and value for the occupier by providing incentives for the occupier and 
its service partners to identify, implement and sustain savings and performance 
 improvement in the operation of buildings.

• Energy monitoring, optimising, targeting and reporting (EMOTR) identi-
fies savings opportunities and measure the savings in real time.

Implementation of the above techniques and components requires a thorough 
 understanding of building life cycle which is outlined in Fig. 5.1.

Let us consider each of the above components in more detail.

Fig. 5.1  The building life cycle

 

5 Sustainable Facilities Management (SFM) Delivering …



90

5.3.1  Carbon and Energy Management (CEM)

Successful carbon and energy management (CEM) requires a clear policy statement 
supported by an implementation strategy that includes challenging but achievable 
targets.

The primary requirement of a CEM strategy is to ensure that the organisation 
can realise its business objectives at the optimum of cost, environmental impact 
and value while meeting and where relevant, going beyond, statutory require-
ments. It also takes account of the changing needs of the business over the longer 
term and the impact that such changes will have on energy cost, energy consump-
tion and carbon emissions. There are two main components to consider as outlined 
below:

Minimising Demand
The simplest way to minimise demand is to ensure that energy-efficient plant 
and equipment of appropriate capacity with effective controls is specified when 
 refurbishing existing, or fitting out new, premises. This will be achieved by the 
following:

• The preparation and regular review of specifications for systems, components 
and equipment that are energy efficient in operation and in their embodied en-
ergy.

• Carbon efficient procurement, design, installation, maintenance and operation of 
energy consuming services and equipment.

• The introduction of commissioning management as part of the design and 
 construction process of all new and refurbishment projects from feasibility stage.

• Rigorous physical commissioning prior to handover of projects with significant 
involvement from those responsible for the operation and maintenance of the 
existing estate.

• The preparation of building log books in accordance with the requirements of the 
building regulations prior to the handover of projects.

• The selection of service partners and contractors that have demonstrated a thor-
ough understanding of the organisation’s requirements for energy and carbon 
efficiency.

• The implementation of a process such as continuous commissioning to provide 
feedback from operation to design and to ensure that the energy consumption 
and carbon emissions of facilities are limited to those necessary to operate the 
facility effectively.

• The preparation and implementation of an energy and carbon monitoring and 
targeting strategy plus refining the process over time to provide meaningful 
 sustainability benchmarks.

• Introducing, and keeping under review, procedures for identifying and eliminat-
ing avoidable energy consumption and carbon emissions.
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Controlling Demand
Designing for minimum energy demand will not deliver energy and carbon ef-
ficiency unless the strategy includes a rigorous process for controlling demand. 
 Therefore, fundamental requirements for controlling demand that form an integral 
part of the strategy are as follows:

• Determine and publish standards for operating all energy consuming services 
and equipment.

• Use regular formal occupant feedback to operators and designers on the perfor-
mance of systems and the working environment.

• Apply continuous commissioning as the process for delivering the optimum of 
cost and value during operation with regular feedback to design.

• Conduct an ongoing energy and carbon awareness campaign and promote good 
housekeeping to enable all employees, service partners and contractors to make 
a contribution to energy efficiency.

• Provide awareness workshops for employees, service partners and contractors 
with repeats as necessary.

• Include energy and carbon efficiency awareness in employee induction training.
• Implement energy and carbon monitoring from which challenging but realistic 

reduction targets can be set and monitored.
• Introduce energy and carbon key performance indicators and review as  necessary.

Energy Procurement
It is important to ensure that energy procurement forms an integral part of the strat-
egy and is not carried out as an independent activity. Predicting unit consumption 
and demand profiles help to ensure that savings can be made by selecting tariffs that 
match consumption profiles.

Financing Energy Efficiency
The options for financing energy efficiency and supply can be summarised as fol-
lows:

Option 1
Capital expenditure—The organisation owns, operates and maintains building services 
plant and equipment.
Option 2
Contract energy management—The organisation enters into a contract with a supplier to 
finance, design, operate and maintain building services plant and equipment charging the 
occupier on an ongoing basis for the service provided.
Option 3
Operating leases—The organisation purchases the benefits from a product rather than the 
product itself through an operating lease thereby using revenue rather than capital to fund 
projects. Operation and maintenance of the leased product could be provided by the occu-
pier or the leaser.

Option 2 transfers the capital and operational risk to the supplier, and the supplier 
will take account of carrying this risk in the contract price. This option will only 
be viable if the overall operating cost to organisation is less than it would be with 
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 Option 1. Option 2 is particularly relevant for complex specialist plant, such as 
CHP, enabling the organisation to transfer risk to a supplier that has greater experi-
ence in managing the risk.

Option 3 enables organisation to reduce its revenue spent while benefiting from 
the savings provided by an energy-efficient system or product without capital 
 expenditure.

With all options, it is important to ensure that the organisation takes full advan-
tage of  any tax benefits, government funding or other incentives for CEM.

Regulations and Incentives
An essential part of the strategy includes understanding and being prepared for cur-
rent and future regulations and incentives. Increasing regulation in recent years has 
made keeping up-to-date an onerous task. Also, the incentives provided by govern-
ment to encourage organisations to reduce their carbon emissions are substantial, 
and it is essential that the organisation makes full use of these.

5.3.2  Optimum Operation Strategy (OOS) by Continuous 
Commissioning (ConCom)

Let us now consider why buildings should consider commissioning in the first 
place.

There are two primary reasons for commissioning buildings and their services. 
These are:

• To meet legal obligations
• To meet the business need

The cost of commissioning should be no more than is necessary to satisfy these two 
reasons, and to achieve this, a process that optimises cost and value is required. This 
means that the commissioning process must be designed to meet the needs of the 
business that operates from the building and not relate to the building as an end in 
itself. The deliverable should therefore focus on meeting the needs of the building 
occupants and the business rather than the assets.

The author’s experience is that the commissioning of buildings is rarely carried 
out properly in the UK. Poor commissioning is often the result of inadequate plan-
ning and a lack of time. Typically, this results in increased energy consumption, 
occupant discomfort and shortened plant life.

Recent research concludes that statutory requirements for commissioning build-
ings in the England and Wales are inadequate and a reliance upon regulation will 
result in a lost opportunity to avoid substantial energy consumption and therefore 
carbon emissions.  Including the requirement for rigorous commissioning in the 
building regulations will improve matters, but once a building is in operation, it will 
largely remain the responsibility of FM to deliver OOS. (Lau 2014)
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An increase in commissioning effort will reduce energy consumption and 
its  associated cost as shown by Fig. 5.2. To realise the opportunity for energy 
 efficiency, ‘optimum commissioning effort’ will be achieved when the increase in 
 commissioning effort costs more than the resulting energy cost savings. Figure 5.2  
illustrates this point of ‘diminishing returns’ for the building life cycle cost (cumula-
tive ‘present value’ costs of the building over its life).

Over the building life, increased commissioning effort can optimise occupant 
satisfaction, plant control and maintenance costs as well as energy costs, in ac-
cordance with their priority in support of the main purpose of the organisation. 
Consequently, it is often more appropriate to commission beyond the point of 
optimum effort for energy efficiency and thereby add value from these other 
benefits.

Cost vs Commissioning Effort
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Fig. 5.2  Cost vs. commissioning effort

 

What is ConCom?

• Continuous commissioning (ConCom) is the process developed and used 
by ABS, an energy efficiency company in the UK, for optimising energy 
efficiency, operating cost and occupant comfort.

• It provides a strategic approach to the operation of buildings that deliv-
ers the optimum of cost and value to the occupier. It enables the energy 
consumption of building services to be limited to that required to meet the 
occupier’s business needs and to provide a safe and comfortable environ-
ment for the occupants.

• ConCom’s key characteristic is its holistic and ongoing nature.
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Through ConCom’s holistic and ongoing approach, buildings are able to de-
liver what is required of them in the most cost effective and sustainable way 
without compromising quality.

Holistic:
ConCom involves the whole organisation from top to bottom, and Con-

Com addresses all factors affecting the project’s success: technical, motiva-
tional and managerial.

Ongoing:
ABS embeds the ConCom principles in the client’s overall strategy and 

day-to-day operations.
How does ConCom work?

• Through a series of activities, ConCom determines a building’s ideal and 
actual provisions and delivers solutions that eliminate avoidable waste and 
optimise the performance of all soft (i.e. people, management, etc.) and 
hard (i.e. technical equipment, building management system (BMS), etc.) 
assets.

• ConCom provides two levels of recommendations:
− Level 1: Recommendations that get the estate operating at its most effi-

cient using the existing systems and technology with little or no capital 
expenditure.

− Level 2: Projects that require capital expenditure to increase energy 
savings or to ensure that the systems can operate in accordance with the 
design intent and the client’s requirements.

• ConCom acts as the all-inclusive energy efficiency and carbon manage-
ment programme and includes the following:
− Technical surveys
− Post-occupancy evaluation—overall liking score (OLS)
− Energy monitoring and targeting (M&T) spreadsheet
− Carbon and energy management (CEM) policy design
− Motivational workshops
− Training workshops
− Carbon footprint (CF) spreadsheet

ConCom provides the fundamental delivery process for SFM as it incorpo-
rates a range of services including energy and carbon management, facili-
ties management, feedback, regulation compliance, building services and 
training.
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ConCom—Some Examples
In this section, examples of some buildings that have been studied by the  author 
are discussed. Figure 5.4 shows three buildings where the actual consumption is 
significantly greater than it needs to be. In all cases, it was possible to reduce this 

Timeline, Steps and Deliverables

Typically the ConCom process takes 12 months to embed and is carried out in two stages:

1 2 3 4 5 6 7 8 9 10 11 12

Stage 1: Scope of Work- Assessment and Strategy Development

 Duration: ~ 3 months

Stage 2: Implementation 

 Duration: ~ 9 months

Scope of work

Review CEM policy & 
strategy

Determine financial aid 
options (application to 
carbon trust?)

Review all energy bills & 
records

ConCom Workshops for 
culture & training

Occupant Perception 
Survey (OLS)

Identify performance 
requirements of the building 
(i.e. occupancy times and 
densities etc...)

Review BMS strategies
Technical Surveying
Evaluate building 

performance
Identify and Recommend 

Saving opportunities

Long Term Strategy

Self Supporting, self 
motivating & self financing

Delivered through 
ConCom teams

Consultancy support for 
Strategy and Process 
management

Technical support as 
required

Implementation

Master plan
Form and motivate 

ConCom teams
Implement in priority CEM 

projects
Determine financing 

options
Ongoing measuring, 

monitoring and adjustment 
of systems

Rolling out of ConCom to 
all systems and buildings 
on the estate

ConCom Workshops to 
ensure that ConCom is 
embedded in the O&M 
process across the estate

Monitor, record and 
publish savings 
(communicate progress 
made)

Stage 1

(3 months)

Stage 2

(9 months)

Stage 3

(ongoing)
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consumption to at or near to the good practice figure by commissioning the build-
ing services systems and tuning them to meet the occupier’s requirements. The 
 financial and environmental savings are considerable. The expenditure and envi-
ronmental impact will be contained within that needed to meet the occupier’s needs 
by regularly checking the building by the process of ConCom.

Figures 5.5 shows the results of an analysis of three buildings in which some 
form of ConCom is included in the operating strategy. This provides powerful evi-
dence that ConCom can deliver substantial cost savings. In addition, there are other 
worthwhile benefits of greater occupant satisfaction, reduced maintenance costs and 
reduced environmental impact. In all cases, these buildings are consuming less than 
typical benchmarks, and with more rigorous ConCom, their consumption would be 
less than good practice benchmarks.

None of the six buildings in Figs 5.4 and 5.5 was designed with energy efficiency 
as a priority. They are all conventional air-conditioned office buildings. The differ-
ence in energy performance between the buildings in Figs. 5.3 and 5.4 is the way 
in which they are managed. The management strategy for the buildings featured in 
Fig. 5.4 is managed with energy efficiency in mind and benefit from the application 
of elements which are part of the ConCom process. These findings support previous 
research that it is not the application of technology that results in energy-efficient 
buildings but the ability of those that manage them.

Figure 5.6 shows the result of the application of ConCom to a building that 
was designed for low energy use. Unfortunately, commissioning was not carried 
out properly prior to occupation. This resulted in significant occupant complaints 

Fig. 5.3  The ConCom Process
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of poor heating and draughts. After applying the process of ConCom, the energy 
consumption was better than the good practice benchmark and occupants no longer 
complain about the heating and draughts. The main problems were a leaky building 
envelope, inadequate balancing of the heating system and poor commissioning of 
the controls. Furthermore, the process confirmed that there were no design defects 
and that once commissioned the building performed in accordance with the initial 
brief and the design intent.

Figure 5.7 summarises the results from 2 buildings where ConCom supported by 
EMOTR has reduced sustained energy cost reduction by up to 50 %.

Energy Monitoring, Optimising, Targeting and Reporting (EMOTR)
EMOTR is an important part of ConCom as it provides real-time information to 
gain a clear understanding of current performance and desired next steps.

Fig. 5.6  Energy savings with 
the application of ConCom
 

Fig. 5.4  Energy use in three buildings which were poorly commissioned

 

Fig. 5.5  Energy use in three buildings in which ConCom was applied
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The purpose of EMOTR is to enable those responsible for energy efficiency to 
have real-time information that provides a detailed understanding of consumption 
trends, identification of waste and measurement of savings as a result of interven-
tion. It includes the following:

Energy: Gas, electricity, oil, solar, wind and water with further analysis to identify dynamic 
and controllable loads. Other emission sources such as transportation, business travel and 
waste can be included.
Monitoring: Electronic display of real-time consumption, carbon and cost (kWh, tCO2, £) 
via the Internet.
Optimising: Limiting consumption to that needed for the occupier to deliver its business 
plan.
Targeting: Benchmark performance and set challenging but achievable targets.
Reporting: Regular reports on consumption, carbon and cost trends with exception reports 
of deviations from targets plus live energy data on display dashboards in reception and 
other areas to increase awareness.

Examples of the benefits of EMOTR are shown in Figs. 5.8, 5.9, 5.10, 5.11.
Figure 5.9 shows a significant increase in water use at large office building dur-

ing a 7-day period. This was found to be caused by a passing ball valve. It was in-
vestigated and rectified within 8 hours of being identified on the EMOTR platform. 
This is just one simple example of the benefits of real-time monitoring.

Figure 5.10 shows the air handling unit (AHU) supply and extract fans operating 
incorrectly as identified on the EMOTR platform and the results following rectification.

Issue: Extract fan consuming more than twice that of the supply fan.
Correction (1): Control fault corrected on May 7 reducing consumption by some 

60 % while improving air quality in the office.
Issue: System operating at weekends.
Correction (2): Control repaired and reset avoiding weekend operation by 16 

May.
Figure 5.11 shows typical daily electricity use characteristics for the same day of 

the year before ConCom (red) and 1 year after ConCom (green).

Fig. 5.7  Energy cost benchmark
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5.3.3  Post-Occupancy Evaluation (POE)

Structured occupant feedback is an essential part of SFM. It enables facilities man-
agers to take informed decisions about the working environment created by the 
facilities they operate. The author uses a process known as overall liking score 
(OLS) for POE.

Fig. 5.9  Waste Identification with EMOTR

 

Fig. 5.8  Savings Measured with EMOTR
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POE has many definitions. Some definitions include an evaluation of the pro-
curement process as well as the performance of the building in operation. Others 
focus on the condition and performance of the assets. This guidance on POE in this 
chapter has concentrated on the performance of the working environment based on 
occupant feedback as defined below:

POE is the systematic evaluation of the working environment and building 
performance based on the perception of the occupants.

This section describes the occupant feedback process developed by the author 
and used to inform building performance and occupant satisfaction through the ap-
plication of continuous commissioning.

Defining the Brief and Scope
The key objective is to match the occupier's expectation, and thus, the best starting 
point is to define the brief and the scope of the evaluation. The evaluation should in-
clude an assessment of the building’s technical performance (objective viewpoint) 

Fig. 5.10  EMOTR identified faulty operation of the AHU

 

Fig. 5.11  EMOTR energy saved following 1 year of ConCom
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as well as its performance as perceived by the occupants (subjective viewpoint). 
Therefore, a post-occupancy evaluation should include the following:

(a) An occupant perception survey (e.g. overall liking score approach1 or similar) 
and

(b) A technical review of the issues identified by the occupants in the survey.

It is appropriate to re-emphasise that although all aspects of facilities management 
are not covered in this chapter, they have a significant relevance for the users of a 
building and can influence their overall perception. For example, if users occupy 
a building that provides a high-quality physical environment, but the support ser-
vices (soft services) and the management of the organisation are poor, it is likely 
that occupants will be dissatisfied. In order to validate an occupant’s review of 
the building services, it is suggested that the occupant perception surveys include 
questions about general management and work satisfaction (e.g. ‘Do you like your 
colleagues?’ and ‘Are you satisfied with the company’s approach to staff develop-
ment?’).

A suggested brief/scope could cover the following:

• Provide a detailed measure of how people feel about their working environment.
• Understand occupant needs and preferences in order to fine-tune the perfor-

mance of a building following occupation.
• Assess the success or otherwise of building procurement and construction per-

formance, measured against the set objectives (time, cost and quality) and func-
tionality.

• Evaluate financial performance of occupancy (planned against actual).
• Determine a clear idea of the areas that need improvement (i.e. thermal comfort, 

lighting, management policies, etc.).
• Identify and prioritise any improvements that are relevant and will inform the 

maintenance, operation and carbon management strategies (e.g. identify oppor-
tunities for cost and energy reduction and prioritise tasks for building recommis-
sioning).

• Ensure that energy-saving initiatives increase or sustain the quality of services 
provided.

• Prepare benchmarking and comparison with best practice and market norms as 
well as benchmarking with performance overtime if possible.

• Provide the base benchmark on which to measure the success of the working 
environment going forward.

• Engage the occupants and demonstrate that their views are important, establish-
ing organisation wide support towards energy cost and CO2 reduction and other 
FM initiatives.

• Provide simple low-cost solutions for immediate adoption where possible.
• Recommend a plan of action in order to address the survey findings.

1 The overall liking score (OLS) approach in an analytical approach that measures how people 
feel about their work environment. Through a questionnaire, it assesses all the major areas of im-
portance in a work environment and evaluates how much occupants like, and how important they 
find, each particular aspect.
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To deliver this brief, it will be necessary to carry out company-wide surveys and 
structured interviews. In addition, there will be an element of desktop technical as-
sessment on the maintenance regime. All this should be evaluated in a report with 
recommendations for improvements (see Fig. 5.12 for a diagram of the process).

The purpose of defining the brief and scope of the review is to provide clarity, 
leaving little room for misplaced expectations. It is also to explain the limitations 
of the review (Fig. 5.13).

Planning and Delivering the POE
A typical programme for the POE using OLS is shown below:

As the above illustrates, the suggested POE process takes 6 weeks and is carried 
out in two stages:

Stage A: POE Strategy Development Duration: 2 weeks
Tasks:

A.1 Obtain an understanding of the working environment and the client’s spe-
cific needs and goals

• Visit the premises to meet client representatives who will be involved with the 
POE programme.

• Agree the tasks of the individuals involved.
• Determine the sample to be surveyed.
• Obtain general information on the building such as occupant density, net floor 

area, gross floor area, energy cost and consumption, age of the building, specific 
problems and previous reports.

Start

Report

1 2 3 4 5 6
Duration (weeks)

Strategy 
Development

Implementation

Introductory Note Data Collection & AnalysisSurvey DistributionCustomize Survey Logistics

End

Fig. 5.13  Timeline of the post-occupancy review

 

Recommenda�ons

Evalua�on
Data Collec�on via

- Company-wide surveys 
- Structured interviews

Fig. 5.12  Delivering post-
occupancy review 
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A.2 Customise standard questionnaire to the particular needs of the client

• Brief client on survey format—The structure of the survey should be simple, 
and it should not take more than 10–15 min to complete. There are many survey 
formats, but the one we have developed and used is the OLS approach. It pro-
vides a multi-choice format that rates both liking and importance of each aspect 
examined and has space for the respondent to include comments (Fig. 5.14):

The derived individual overall liking score for a building or a building’s aspect re-
flects how much respondents like and how important they find each aspect of their 
working environment.

• The questionnaire should cover all aspects of the working environment including:
− Thermal comfort
− Acoustic comfort
− Lighting (daylight and electric)
− Air quality
− Amenities—quality of the office (attractiveness, office services, work space)
− Level of personal control
− Quality of general and energy management.

• Include questions that reflect the client’s specific needs and goals. The OLS 
survey consists of the 45 core questions which should be customised in order 
to meet the client’s specific characteristics and requirements. However, caution 
should be used when choosing to change and omit questions as the core of the 
questionnaire should remain relatively unaltered to provide consistency from 
survey to survey, to maintain data integrity and to provide consistent bench-
marking. The survey approach has been selected after being extensively tested 
and refined and evaluated by estates managers, facilities managers and designers 
to ensure accuracy and relevancy. Clients are encouraged to add questions but 
advised not to take questions out.
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• Select the stakeholders that will be surveyed. The extent of the survey will be 
 dependent on the management policies of the organisation and the role of the 
facilities, estates or project team. The extent can range from totally inclusive, 
where every user in an organisation is invited to respond to the survey, to a 
 randomly selected sample of respondents. It is important to note that the wider 
the sample, the more representative the respondents’ perception of satisfaction 
levels and the issues affecting them will be. An indirect impact of these satisfac-
tion levels is the perceived productivity of the respondent.

A.3 Determine the method of distribution and collection

• The questionnaire can be distributed in paper format or electronically via the 
Internet.

A.4 Prepare an overall methodology and schedule for the project assigning 
tasks as necessary to all parties involved

• Figure out logistics (i.e. who will be the client communication representative? 
who will help with distribution of the surveys, the introductory note and the re-
port? etc.).

• Appoint an appropriate member of client’s staff as the liaison officer.

A.5 Prepare an introductory note for distribution to occupants

• Key points:
− Explain how it serves the company’s strategy.
− Identify to which company initiative this survey belongs.
− Give details on the company’s initiative, its goals and the steps it involves.
− Provide information on the survey.
− Encourage contribution.

Fig. 5.14  Sample format of an occupant perception survey based on the overall liking score (OLS) 
approach
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Stage B: Implementation Duration: 4 weeks
Tasks:

B.1 Distribute the introductory note to occupants

• Send via email, put reminder posters in break rooms, etc.

B.2  Arrange for the OLS questionnaire to be made available to occupants via 
the Internet

B.3 Collect and analyse data

B.4  Evaluate the results (computation of the OLS for each designated area and 
presentation of OLS fingerprints)

When the results have been received, they must be evaluated, analysed and bench-
marked against internal criteria (and, if appropriate, external criteria). If there is 
information on the satisfaction levels from the previous environment, this should be 
compared with the results of the current post-occupancy survey.

Examples of OLS Surveys The most important input to the brief for a new project 
comes from formal and anecdotal feedback from occupants of facilities that are to 
be replaced by the new project. Such information can also be used for new facili-
ties where the specific occupier is unknown, but the type of occupier is known. For 
example, occupant feedback from an office can provide valuable input to the brief 
for an office development that will not have a tenant at the briefing stage. The feed-
back does not have to be specific to the occupier, but it does need to be specific to 
the type of occupancy.

Formal occupant feedback is particularly helpful to facilities managers as it 
identifies areas of concern that are often caused by poor performance of building 
services engineering (BSE) systems and their associated controls. The results of 
occupant feedback using overall liking score (OLS) for 11 UK offices are shown 
in Fig. 5.11. These show that respondents perceive BSE and controls to be major 
sources of dissatisfaction. None of these offices would have been designed or oper-
ated with the intention of achieving poor scores for BSE. Therefore, if the cause of 
the poor scores can be identified, strategies for improvement can be developed and 
implemented (Fig. 5.15).

Even in the best office, the scores for BSE are negative and perceived by occu-
pants as sources of dissatisfaction. In both best and worst cases, the response to the 
business culture questions is positive, showing respondent support for the business 
and its management. This gives some confidence that the negative responses are 
genuine: Why would respondents who support the business and like the manage-
ment exaggerate negative aspects?

The fingerprints for best and worst offices are shown in Figs. 5.16 and 5.17. 
They have the following similarities:

• Full air conditioning that was nearing the end of its economic service life
• Town centre locations in SE England surrounded by busy roads
• Shortage of funding for investment in improvements to the BAT
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Fig. 5.15  Occupant feedback from a sample of 11 office facilities in the UK
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Fig. 5.16  Occupant feedback: highest score in the sample of 11 office facilities in the UK
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• Old BSE that was obsolescent and poor records
• Prescriptive input maintenance contracts with no specific requirement for opera-

tion or energy efficiency
• Inadequate technical expertise of the FM and maintenance team
• No stated carbon and energy management policy or strategy

When the survey results were presented to management, a plan for improvement 
was implemented and funding provided for an improved operating strategy using 
ConCom.

5.4  Performance-Based Service Provision (PBSP)

In this section, performance-based maintenance is used to outline the advantages 
in PBSP.

Performance-based maintenance results in the optimum of cost and value for the 
client by providing incentives for the client and the contractor to deliver cost sav-
ings and improved service. The process provides an opportunity to migrate from a 
prescriptive input specification to one in which performance is measured by what 
really counts—output. This requires a rigorous approach to subjective as well as 
objective customer feedback. Key performance indicators (KPIs) form an essential 
part of the measurement process using a technique known as overall liking score 
(OLS). The result is a partnership culture, which encourages continuous improve-
ment in service delivery and reduced operating costs.
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Fig. 5.17  Occupant feedback: lowest score from the sample of 11 office facilities in the UK
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Experience suggests that performance is best when it is monitored and rewarded. 
But the big questions are as follows: how to define performance standards; and how 
to ensure that reward actually does drive value up and cost down.

Traditional contracts define the contractor’s input—what he does. Performance 
contracts define his output—what he achieves. Doing is easier to specify than achiev-
ing. The process outlined here is designed to enable a maintenance contract to evolve 
by mutual consent of employer and contractor, from a doing, or input basis, to one in 
which a significant element of reward is based on measured achievement.

Maintenance is ‘done to’ the physical assets or facilities. But those facilities ex-
ist only to fulfil the occupier’s business plan. In almost all cases, that fulfilment is 
achieved by delivering services to the people who form the business. Performance 
measurement must therefore include the satisfaction of the building’s occupants. Key 
performance indicators (KPIs) can be determined for the contract from the results of 
OLS or other type of occupant survey. The end product is a partnership culture which 
encourages continuous service improvement and reduced operating costs.

Why Maintain?
There are two primary reasons for maintaining buildings and their services. These 
are:

• To meet legal obligations
• To meet the business need

In carrying out maintenance, it is essential to spend no more than is necessary to 
meet these two needs, and to do so, a process that optimises cost and value is re-
quired. This means that the maintenance system must be designed to meet the needs 
of the business that operates from the building and not relate to the building as an 
end in itself.

The quality of maintenance has an effect on energy efficiency. Of the ten build-
ings in Fig. 5.18, only building B consumes less energy than the UK government’s 
recommended good practice standard. Building B also had the greatest occupant 
satisfaction and scored highest on the occupants’ liking for temperature, air quality, 
lighting, noise and overall comfort. The building was maintained to a high standard 
with a maintenance regime that focussed on the occupants’ needs. These results 
support the argument that performance-based maintenance creates financial, envi-
ronmental and occupant satisfaction benefits that together are greater than the sum 
of the individual parts.

Meeting the business objective is the primary purpose of an organisation, and 
its people, the primary support, provide the means of doing so. Buildings and other 
secondary support facilities are there to enable the occupants to maximise their 
contribution to the primary purpose as illustrated in Fig. 5.19. Maintenance is one 
important component of the secondary support facilities.

The building, its service and the quality of maintenance have a substantial ef-
fect on how occupants feel, which in turn affects their productivity. Therefore, an 
understanding of the building life cycle will help those responsible for maintenance 
and operation to prepare an operating strategy that will minimise downtime and 
maximise occupant satisfaction.
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Figure 5.20 shows the main stages of the building life cycle and how they in-
teract. At each decision point, there is an opportunity to reduce environmental 
impact which usually reduces operating cost and can often enhance value. A 
rigorous performance-based maintenance strategy will enable a continuous im-
provement process to be adopted that takes account of minor as well as major 
refurbishment and replacement. The result will be reduced obsolescence by the 
replacement of components, as well as complete systems, with the latest technol-
ogy. To succeed, the process requires innovative maintenance management that 
can understand and apply technological innovation. Understanding the life cycle 
and the interaction of the various stages provides the basis for a maintenance 
and operation strategy that optimises all relevant factors in accordance with their 
priority.

Fig. 5.19  Maintenance in 
support of the core business
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5.5  Maintenance Contracts

Performance-Based Contracts
Traditional maintenance contracts require the contractor to perform certain planned 
tasks which are defined by a specification and an asset register. The contractor is 
paid when the tasks are shown to have been completed. This basic arrangement 
works but has certain fundamental limitations:

• The need for maintenance of any installation varies according to local conditions 
including the following:
− Air quality
− The quality, age, history and condition of individual systems and items of 

plant
− The performance demands on the installation

A standard, planned maintenance specification always contains elements that are 
either uneconomic (too much service), inadequate (not enough service), or inap-
propriate (wrong service) for parts of the installation. Furthermore, these factors 
change with the age and condition of the plant.

• To optimise the overall performance, the cost of maintenance and the  management 
of asset value, there must be a mechanism to adjust the planned maintenance 
 programme and to identify and decide upon special maintenance, repair or re-
placement issues. Within a traditional contract, the only formal way of doing this 
is by the costly process of routine inspection and audit.

Fig. 5.20  The building life cycle
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But the contractors’ technicians who work regularly on the plant are the people who 
know its condition and whether they are under or over-servicing it. They know how 
many clean filters are routinely replaced (or not replaced despite the  specification); 
they know the sound of a pump, motor, fan or compressor that is in need of  attention. 
They are the ideal routine inspectors and auditors. But they work for the contrac-
tor. In the adversarial world of contracting, their job is to perform their employer’s 
contracted tasks and to achieve or better profit targets.

The solution to the problem of optimum operational and economic performance 
of the building services installation is therefore a simple one—a contract in which 
the motivation of the contractor and his employees is closely aligned with the cli-
ent’s objectives and operating strategy.

That is a performance contract.

Strategies for Introducing Performance as a Basis of Reward
Contractors are motivated by potential profit. They are not necessarily spurred 
to greater and better efforts by disproportionate risks and penalties. The essential 
mechanism of a performance contract is therefore to enable the contractor to 
improve his profit (not turnover) by sharing the economic advantage he achieves 
for the client. That advantage may be improved performance and it may be op-
timisation of asset value, but it is most easily recognised if it is a direct saving 
in cost.

In a performance contract, the emphasis is on ‘output’ - what is achieved, rather 
than ‘input’ - what is done. ‘Output’ is less easy to define than ‘input’ which can be 
specified as a set of tasks. The starting point for ‘output’ definition is a set of key 
performance indicators. These are a measure of the elements of performance that 
are most important to the client. They may relate to the achievement of specified 
internal conditions, the limiting of downtime, or response times for call-outs, time 
from reported defect to completed repair, etc. Each client and each building may 
have different performance needs.

It is possible to create a performance contract from a standing start. But the per-
formance criteria and the rewards or penalties are difficult to define and agree on an 
equitable (and therefore workable and motivating) basis between the parties. The 
best way to start is often with a traditional ‘input’ specification contract which over 
a period of time migrates to a performance-based output contract. In this case, the 
contract sum will be based on the input requirements.

The contract includes a statement of the client’s real ‘output’ needs in the form of 
a set of key performance indicators. It also includes a mechanism for the contractor 
to propose changes that improve performance and/or achieve cost savings by mov-
ing away from the specification towards an output definition. Savings are shared. 
Mutually beneficial changes are adopted; others are not. The result is a virtuous 
circle of mutual benefit. This whole process is best achieved within what is de-
scribed as a partnering relationship of mutual trust and common interest. Figure 5.4 
illustrates the concept of migration (Fig. 5.21).
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Existing Buildings—Existing or New Contracts
An added advantage of a strategy that starts with a conventional contract is that it 
can be applied to an existing contract as well as a new one. It is essential, however, 
that a full audit is made of the documentation, performance and asset condition un-
der the existing contract before any changes are made. It is also a precondition that 
the incumbent contractor is open to performance-based contracts and to a potential 
partnering relationship.

Real advantages can be achieved by taking stock of existing maintenance  contract 
arrangements for any reasonably substantial building with a view to obtaining eco-
nomic and performance benefits by moving towards a performance-based  contract.
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Fig. 5.21  Performance con-
tract strategy
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Chapter 6
Delivering Sustainable Exemplars

Guy Nevill and Jo Wright

6.1  Introduction

M&E and environmental engineers, Max Fordham and architects FCB Studios are 
recognised as pioneers in environmental and sustainable design. The two practices 
have worked together for over 20 years and, both independently and together, have 
a long heritage of designing low-energy, passively designed and sustainable build-
ings.

This chapter describes the particular experiences of the same core team of ar-
chitects and engineers over the period from 2002 to 2014. They worked closely 
together delivering a run of buildings which have been recognised as sustainable 
exemplars, written up by the architectural and engineering press and now often 
studied by architectural students.

The post-occupancy studies carried out have informed both the approach to and 
the design of subsequent projects. The contribution of Bill Bordass to this process 
cannot be underestimated. He has provided the structure for the post-occupancy re-
views and we benefitted from his accumulated wisdom, in particular from his work 
with the Usable Buildings Trust on the PROBE Studies (Online).

The first building covered in this chapter is Heelis—the central office for the 
National Trust. That will be followed by the Woodland Trust Headquarters and The 
Hive Library and History Centre in Worcester.

The latest building the team worked on together was an art gallery and residen-
tial block in Cyprus for the A.G. Leventis Foundation, which at the time of writing 
has just begun the post-occupancy review process.

We hope that this chapter will help to highlight some of the key factors in de-
livering sustainable exemplars and perhaps form the basis for a framework for 
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you to build on for your own projects. At the very least, it enables us to share our 
experiences!

6.2  Heelis, New Central Office for the National Trust

This headquarters building for the UK’s largest charity, completed in 2005, is a 
highly sustainable workplace. It demonstrates that despite similar budgets, signifi-
cant improvements can be achieved over the performance of typical commercial 
buildings. The two-storey, open-plan building provides 76,500 ft2 of office space, 
meeting rooms and workshops for up to 500 staff, plus a public shop and café.

The relocation of the central administration functions of the National Trust 
brought together staff under one roof for the first time, as part of the process of hon-
ing the organisation for the new millennium. Previously, operations were dispersed 
across London and the south west in a variety of adapted accommodation in six 
separate locations. Sustainability is at the heart of the National Trust’s mission and 
the project brief was to develop the most sustainable building possible within the 
available budget.

The building is located on the site of Brunel’s Great Western Railway works, to 
the north-west of Swindon town centre where, at the height of activity in the late 
nineteenth century, 14,000 people were employed. In form and scale, the building 
makes reference to the tough industrial architecture of the engineering works which 
once covered much of the site. Its ‘deep plan’ form is a contemporary interpretation 
of the historic workshop buildings where natural light and ventilation were the only 
options in terms of environmental control.

Natural ventilation and use of daylight were two of the key drivers to the design 
of the building, both to reduce energy use and also to provide an excellent working 
environment. The form of the building has been strongly influenced by this.

The trapezoidal-plan form synthesises the geometry of the adjacent nineteenth-
century buildings with ‘solar geometry’. This includes north-south–oriented roof 
pitches for solar energy collection and controlled natural light, and a ‘desire line’ 
(the route the public is drawn to) which traverses the site from the south-east.

The sawtooth roof form, the primary elevation and the ‘fifth façade’, provides an 
even distribution of daylight and ventilation across the plan depth, while a series of 
atria connect the two storeys, creating a real sense of the entire organisation sharing 
a single volume. The repetitive, ridge-and-furrow profile allows for north light to be 
optimised and also provides a south-facing photovoltaic collector area.

The resultant form intriguingly has gables on three elevations, with a colonnade 
to the south addressing the external public space. The south façade, which opens 
to the new public landscape and gives access to the publicly accessible parts of the 
building (shop, membership recruitment and café), combines large areas of glazing 
with cast aluminium grilles, resonant of the foundry which once occupied the site. 
Perforated aluminium shading provides a sense of enclosure to the colonnade which 
runs the length of the building.

The Building achieved a BREEAM ‘Excellent’ rating (Figs. 6.1, 6.2, 6.3).
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Fig. 6.3  a Model showing the first floor with the central atrium, two courtyards and the mez-
zanines to the north side of the office. b The concept sketch from the interview shows daylight to 
both floors

 

Fig. 6.2  a The building outline is orientated to the site, but the roof form is orientated to the solar 
geometry. b The model shows the array of roof cowls and rooflights. (FCB Studios)

 

Fig. 6.1  The colonnade provides shading to the south façade

 



120

6.2.1  Landscape

The site encompasses a significant area of additional, publicly accessible landscape 
in addition to the car parking associated with the building (at a rate of less than 
one space per three staff). Secure bicycle parking is provided for both staff and the 
public.

The landscape incorporates simple blocks of birch trees, typical of post-indus-
trial landscapes, which complement the blue engineering bricks of the elevations. 
Along the south colonnade, a wide planter mediates between floor level and the 
surrounding landscape, with lavender, echinops and alliums. The planter edge pro-
vides a long, south facing seat, with further brick and oak seats inhabiting the new 
landscape between the central office and the adjacent building.

A hornbeam hedge with a simple galvanised fence encloses the northern bound-
ary. Elsewhere, a variety of planting enhances biodiversity and generates year-
round visual interest.

Within the plan-form, two courtyards provide more intimate landscapes and en-
hance views from both communal and desk areas. With access directly from tea 
points and meeting rooms, these spaces act as external ‘rooms’. Again, emphasis 
has been placed on year-round interest.

A sustainable urban drainage scheme has been incorporated to reduce the storm-
water load on existing infrastructure.

6.3  Procurement

As a charity, the National Trust did not want to spend its funds on an office build-
ing. Therefore, the building was institutionally funded and then leased back to the 
National Trust on a 25-year lease.

The National Trust appointed a contractor (based on RIBA stage C information) 
to develop the design under a design-and-build contract, with the design team no-
vated to the main contractor.

At times, there were conflicts within the brief, as the building had to meet both 
the requirements to be a sustainable head office, recognisable as being for the Na-
tional Trust, while also meeting British Council of Offices standard specification 
for the funders.

6.4  Briefing

The initial brief to the design team was to deliver a shell-and-core building to ac-
commodate 470 staff at a density of 1/12.5 m2, with public access to a shop and café 
for a budget of £ 135/ft2.

G. Nevill and J. Wright
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The aspiration was to provide a flexible working environment to suit the Trust 
or other future occupants while minimising the environmental impact of the Trust’s 
operations.

The National Trust’s brief included a guiding principle to deliver a building that 
‘must achieve high quality benchmarks in all aspects of sustainable design, and 
should seek to be innovative in at least a few key high profile areas’.

Furthermore, there was a request to consider additional sustainability measures, 
over and above the requirements of Building Regulations, for which a ‘payback’ pe-
riod of less than 25 years could be demonstrated (i.e. within the terms of the lease).

To help demonstrate these sustainability measures, the design team developed a 
tool which became known as the ‘The Sustainability Matrix’ (Max Fordham LLP 
2010). It sets out possible strategies evaluated as best practice/innovative/pioneer-
ing and was also used to highlight the potential areas that could provide suitable 
payback. On this basis, the project board approved a number of design and specifi-
cation enhancements including the following:

• Photovoltaics
• Enhanced thermal insulation
• Lighting control system
• Wintertime mechanical ventilation with heat recovery
• Propane chillers
• Lime mortar

6.5  Natural Ventilation and Thermal Mass

The central office was designed as a predominantly naturally ventilated building 
with mechanical ventilation provided to meetings rooms and throughout the office 
during the heating season. The building combines BMS-controlled natural ventila-
tion with exposed thermal mass to both the first floor slab and the roof. This enables 
automated night cooling for the summer months, with additional manually operated 
openings, to create comfortable conditions for the majority of the spaces for most 
of the year. Densely occupied or internal spaces (meeting rooms, quiet rooms, etc.) 
are mechanically ventilated with comfort cooling. Chilled water is supplied from 
‘Earthcare’ chillers which use hydrocarbons with a lower global warming potential 
than more conventional fluorocarbons.

Air enters the building around the perimeter and the two courtyards via windows 
and leaves via the roof cowls. The openings are automatically controlled, but all 
have local over-rides to provide some degree of control to the occupants. All of 
the automated openings are behind external grilles which provide security. These 
insulated opening panels comprise a low-level door-sized panel for significant air 
movement and a much smaller one at high level to admit more controlled quantities 
of air when the weather is cooler.

The roof vents open into giant, roof-mounted cowls (known as ‘snouts’) which 
promote stack-effect and wind-driven ventilation (ensuring a negative pressure at 
roof level whatever the wind direction) while providing rain protection to the open-
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ing vents. In addition, five of the cowls contain mechanical punkah fans which can 
be used to encourage air movement on still days.

A simple mechanical ventilation system with heat recovery introduces air via 
the raised floor throughout the building and extracts from central locations. This 
displacement system maintains air quality and thermal comfort during the coldest 
winter months when opening windows would risk cold draughts.

The building achieved an air tightness of 5.5 m3/h.m2 of façade at 50 Pa (Fig. 6.4).

6.6  Daylight and Sunlight

The sawtooth roof forms the most significant facade. It provides an even distribu-
tion of daylight and ventilation across the plan depth. As mentioned earlier, a series 
of voids connect the two storeys creating a sense of the whole organisation sharing 
a single volume.

Fig. 6.4  a Both floors are well day-lit from the rooflights. PVs and roof cowls prevent direct sun-
light from entering. b Air enters around the perimeter via automatic openings and leaves via the 
roof cowl. The PVs shade the rooflights, turning them into northlights
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Extensive daylight modelling was undertaken using virtual models together with 
testing a 1:50 scale model in the UCL Bartlett Artificial Sky. The building has been 
designed to provide a minimum daylight factor of 5 % to as much of the regularly 
occupied areas as possible, minimising the use of artificial light by means of a fully 
dimmable lighting control system which responds to external conditions.

The BCO guide required a minimum light level of 300 lx. This can be met with 
5 % (the daylight factor) of an external light level of 6000 lx. Over the year, this lev-
el of daylight is available for around 85 % of the working hours 9 am–5 pm, thereby 
meeting the majority of the lighting requirement using natural daylight only.

The floor-to-ceiling height of 3.7 m at ground floor is unusually high and de-
signed to ensure that both natural light and ventilation work efficiently throughout 
the plan depth. The mezzanine first floor fingers extend into the main body of the 
office, allowing daylight to penetrate from the roof to the ground floor. They are 
orientated north-south to allow the best and most even distribution of daylight.

The external envelope has been carefully considered to avoid potentially harm-
ful solar gain: the brick elevations incorporate cantilevered brick fins, and the roof 
mounted ‘snouts’ and photovoltaic panels eliminate high angle south and lower 
angle east and west sunlight. The combination of a projecting canopy and perfo-
rated shading avoid sunlight penetrating the south façade.

An internal environment devoid of sunlight might lack visual warmth and vi-
brancy—we resolved this through the roof glazing to the central atrium which in-
cludes some south facing glazing (with low thermal transmission glass), allowing 
sunlight to animate this ‘breakout’ space for much of the day (Figs. 6.5, 6.6).

Fig. 6.5  Availability of daylight during working hours
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6.7  Artificial Lighting

The use of daylight was a key driver to the design so it was important that the 
artificial lighting scheme could adapt to natural light levels. The artificial light-
ing scheme was designed to balance fluctuations in external conditions using fully 
dimmable, ceiling-mounted fluorescent lighting. This provides the minimum light 
levels of 300 lx to all working surfaces. PIR sensors ensure that only the occupied 
areas are lit.

It became apparent on completion that due to the triangular form of the building, 
the rooflights did not extend right to the perimeter. This meant the walls were not 
well day-lit and were in fact quite gloomy. Despite the desk light level being high 
enough, wall-washing lights to the perimeter walls would have made a significant 
difference—potentially allowing the desk light level to be reduced.

The automatic system also did not allow any user interaction or localised control. 
As a result, some occupants perceived the set light levels as being too high while 
others found it too low with little means of doing anything about it.

6.8  Materials and Embodied Carbon

The external walls which take their geometry from the adjacent Victorian buildings 
are clad in a variety of blue bricks, echoing the historic poly-chromatic brickwork. 
The rippling ‘curtain’ of brickwork cantilevers to form shading fins that protect 
north-east and north-west facing glazing.

Heelis was the first commercial building to use batch-mixed lime mortar which 
reduces cement content (and thus embodied CO2). It also proved to be better suited 

Fig. 6.6  a Sunlight is allowed to enter the main atrium to animate the space. b The office is well 
day-lit, but note the dark perimeter wall

 

G. Nevill and J. Wright



1256 Delivering Sustainable Exemplars

to the engineering bricks specified than a conventional cement-based mortar, and it 
will facilitate the future recycling of the brickwork.

The roof covering is a proprietary, standing-seam aluminium system, the ma-
jority of which is covered by PVs cantilevered to shade the rooflights. Ventilation 
cowls are formed in aluminium cassette panels riveted together off-site and craned 
into position.

The aluminium used in the glazing systems and in the cast grilles to elevations 
is 92 % recycled and fully recyclable in future, which justified the specification of 
this energy-intensive material.

The courtyard spaces, which are only glimpsed from outside the building, con-
trast with the exterior materials, with north and south elevations clad in oak.

The internal environment is reminiscent of the engineering sheds adjacent: 
a steel frame with precast concrete infill to first floor and roof creates a simple 
and robust setting. Within the public areas, the blue brick paving used externally 
is brought inside, while a bespoke carpet made from undyed Herdwick (native 
British sheep) wool is used throughout desk areas and meeting rooms. The carpet 
is very durable and long-lasting and this commission helped support the com-
mercial viability of this fleece from a herd saved from the 2001 Foot and Mouth 
outbreak.

The atrium provides a contrasting environment, with its south-facing wall and 
stair clad in a variety of timber from National Trust estates, which runs through to 
the courtyard adjacent. The oak floor continues the theme, creating a warm ‘heart’ 
at the centre of the plan, giving access to primary meeting rooms and providing 
breakout and staff café facilities.

Rob Jarman, Head of Sustainability at the National Trust, said ‘I think it’s abso-
lutely amazing…the exterior is so appropriate to the rest of the site and the interior 
is so cool, light, quiet, and completely devoid of smells of new build such as the 
usual off-gassing from new carpets’.

6.9  Energy and Thermal Modelling

Thermal comfort targets were the CIBSE standard; dry resultant temperature should 
not exceed 25 °C for more than 5 % of working hours or 28 °C for more than 1 %; 
based on weather data from 1997 and CIBSE DSY.

Extensive thermal modelling was carried out using TAS Software to test the 
amount of ventilation and thermal mass required to meet these conditions.

Following the novation of the design team, the contractor naturally wished to 
limit construction costs and challenged the inclusion of thermal mass in the roof 
and the need for the roof cowls. The extent of thermal modelling carried out enabled 
the design team to robustly defend the design and keep these elements in Fig. 6.7.
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6.10  Low- and Zero-Carbon Technologies

The National Trust secured £ 300,000 of grant funding from the Department of 
Trade and Industry’s major photovoltaic demonstration programme. Photovoltaic 
panels are located on the south-facing roof pitches, combining energy collection 
with shading to the north facing roof lights.

The 83-kWp system consistently generates enough electricity annually to offset 
approximately 10 % of the electrical load of the building. The efficiency of PVs has 
greatly increased since they were installed at Heelis, and when the time eventually 
comes for the existing PVs to be replaced, a comparable PV area will result in at 
least a doubling of the generation capacity.

6.11  ITC Strategy

The server room contains the central servers for the whole of the National Trust, not 
just this building, and so was of a significant scale. The room was designed to use 
free-cooling wherever possible, bringing in fresh air directly from outside whenever 
the external temperature is below 14 °C.

What became clear in the months after completion was that the electrical load 
of the IT servers was greater than predicted. Together with the associated cooling 
requirements, it comprised close to 50 % of the entire building electrical load. The 
base IT electrical load barely changed day or night as the servers would not respond 
to actual IT demand—i.e. they stayed ‘on’ regardless of whether they were being 
used or not; also demanding constant cooling.

As IT technology has developed, the ability of servers to ramp up and down in 
response to actual user demand has improved. Due to the relatively high turnover 
for IT equipment, this scenario may improve over time.

Fig. 6.7  The array of roof 
cowls and PVs provide shad-
ing to the rooflights
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6.12  Commissioning and Handover

There were interface issues between the building management system and the win-
dow actuators which meant the controls were not properly commissioned at hando-
ver, nor had the graphics pages for the BMS been completed. Fortunately, although 
the window controls were not operating correctly, there was sufficient thermal mass 
and ventilation to keep the building comfortable.

Staff were informed of the emerging design for the new building throughout the 
design and delivery process and the move-in was carefully orchestrated.

A simple occupant guide was written by Max Fordham, including energy do’s 
and don’ts to highlight energy-efficient practices and to maintain the working envi-
ronment at optimum conditions. This was explained to all staff as part of the induc-
tion process. To allow sufficient bedding-in time, the facilities manager instituted a 
‘100-day’ rule. Complaints and queries were noted by them but not acted on unless 
they persisted after the first 100 days while staff settled into and became used to 
the building.

Staff education is maintained via regular newsletters. As the turn of the season 
approaches, the newsletters remind staff about how the building’s automatic opera-
tion is likely to change—windows opening automatically, for instance, as warm-
er days arrive. During summer, staff understand that the building will be slightly 
cooler in the mornings to allow for comfortable conditions later in the day and so a 
‘cardigan-culture’ has developed which encourages staff to take responsibility for 
their own comfort as the internal temperatures change.

6.13  Post-Occupancy Evaluations

FCB Studios funded an independent post-occupancy evaluation (POE) using the 
cash prize awarded with the 2006 RIBA Sustainability Award. Undertaken by Bill 
Bordass of the Usable Buildings Trust, this identified issues including energy use at 
variance with design targets and allowed the team to ‘fine-tune’ performance. The 
information from the POE was fed back to the industry over a number of presenta-
tions and articles (Nevill 2007; Bunn 2007).

6.13.1  Energy Consumption

The major unexpected energy consumption was that the combination of the café, 
server room and IT equipment accounted for at least half of the overall energy use 
of the building and was outside of the control of the design team. These included 
the IT servers being on 24 h a day and the dishwashers in the kitchen running all 
day using a steady stream of hot water. This highlighted that the design focus on 
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a delivering a highly sustainable and low-energy office building had unknowingly 
only considered half the picture.

Despite these issues, a study of the energy use showed that the building per-
formed favourably in comparison with other recently completed office buildings. 
The study was also valuable in that it reinforced the idea that continual monitoring 
and adjustment would be required by the building users in order to maintain and 
improve on energy use.

6.13.2  Comfort and the User Experience

Temperature was monitored during 2006 (an exceptionally hot year) and found to 
meet the thermal comfort targets, despite the controls only being partially commis-
sioned at that stage. This demonstrated that the base design was robust.

As part of the POE, a building user survey captured the response of staff to 
the building. The building scored very highly on lighting and perceived effect on 
health, while the scores for heating, cooling and acoustics were poorer than the 
overall data set—partly due to the norm being narrow plan buildings. However, 
when compared with large floor-plate deep plan buildings of which Heelis was one, 
it came out best and also achieved the highest ‘forgiveness factor’ (where people so 
like a building they forgive some degree of discomfort) of any building surveyed by 
the Usable Buildings Trust at that time.

6.13.3  Key Awards

RIBA Award—2006
British Council for Offices Innovation Award—2006
Architects’ Journal 100 Sustainability Award—2006
Building of the Year and the Sustainability Award at the British Institute of Fa-

cilities Management Awards—2006
British Construction Industry Awards—Building Award—2006

6.14  Woodland Trust HQ, Grantham

Design of the new headquarters for the Woodland Trust commenced in February 
2008. This followed a competitive interview process that selected Feilden Clegg 
Bradley Studios, Max Fordham, Atelier One and Grant Associates as the design 
team. The building occupies a green-field site in Grantham, Lincolnshire, just a few 
hundred metres from the Trust’s previous rented workspace. The Trust required a 
flexible, new office designed to accommodate 200 staff in open-plan accommoda-
tion built to suit rental values in Grantham which at that point stood at £ 12.50/ft2.

G. Nevill and J. Wright
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The building form, which emerged from early design discussions, comprises a 
spiral that ascends seamlessly from landscape to three-storey apex. The higher por-
tion of the building, which accommodates the open-plan work space, is orientated 
north-south and comprises a 15-m-wide block situated towards the middle of the 
site. A wing of service and cellular space descends from the three-storey volume 
along the western boundary, culminating in a single-storey bike store. This encloses 
the central woodland glade which is both entrance court and breakout space. The 
building communicates the mission and values of the Woodland Trust, while pro-
viding an economical, exemplar workplace that meets BCO and institutional re-
quirements.

The building is designed to be naturally ventilated, and to provide excellent lev-
els of daylight throughout, minimising running costs. Whilst the 15 m-wide floor 
plate is open-plan, most of the cellular support spaces are located along the western 
side of the building, avoiding the need to externally shade the more challenging 
west elevation.

The elevations are inspired by woodlands. Windows to the north and south el-
evations are conceived as three storey, vertical strips, maximising the opportunity 
for daylight and high-level vents and interspersed with vertical strips of timber clad-
ding. The windows are aluminium clad timber glazed with clear solar-controlled 
glass. They incorporate insulated spandrel panels coloured in the same dark char-
coal grey used for external frames and flashings, with some spandrels are coloured 
silver grey, echoing the bark of silver birches.

The roof is a single 11.5° pitch, clad in profiled fibre cement sheet, descending 
from the north elevation to the southernmost point and designed to allow future ad-
dition of photovoltaic panels. A single ridge is created over the meeting room wing 
where the roof ‘folds’ on a shallow pitch to form the bicycle store.

The building achieved BREEAM ‘Excellent’ (Figs. 6.8, 6.9).

Fig. 6.8  a Large vertical panels of glazing to the north elevation with the external timber baffle 
to the window openings at roof level. b South elevation courtyard with external shading to the 
windows. (Peter Cook?)
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6.15  Brief

As a charity, the Woodland Trust required a construction solution driven by cost and 
building functionality—providing an environment which enabled the staff to work 
as effectively as possible. The brief demanded a highly innovative and sustainable 
building built to a budget that reflected the rental values in Grantham. Design op-
tions were evaluated in terms of impact on cost and efficiency. Both the structural 
solution and the research undertaken on the ‘Concrete Radiators’ (see later) was 
required to demonstrate that the Woodland Trust would not be paying a premium for 
the building compared to a more conventional steel/concrete solution.

The brief was also informed by the lessons learnt from Heelis; keeping it as 
simple as possible; natural ventilation and thermal mass; use of natural and artificial 
lighting and lighting controls; paying close attention to catering and IT. The Sus-
tainability Matrix was also used again but not followed as rigorously.

6.16  Daylight and Sunlight

The relatively shallow 15 m plan depth of the main office floor plate, and 4 m floor-
to-floor heights allows an exemplary level of daylighting, maintaining an average 
daylight factor of approximately 3 % throughout. This is further improved by the 
verticality and even distribution of the glazing and the addition of light shelves to 
the south façade which reflect light onto the soffits and thus further into the plan 

Fig. 6.9  Sketch showing like-building form and the south-facing sloping roof which could take 
future PVs. (FCB Studios)
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depth. The design allows some controlled sunlight into the building, particularly 
through the roof lights over the main stair. This is intended to add an extra layer of 
‘delight’ or ‘sparkle’ to the internal environment without providing unacceptable 
glare or potentially harmful solar gain. Elsewhere in the building, glare blinds allow 
manual user control of sunlight (Figs. 6.10, 6.11, 6.12).

Fig. 6.11  External louvres and internal lightshelves to the south elevation help to control and 
improve the quality of daylight. (Peter Cook)

 

Fig. 6.10  Sunlight is allowed 
into circulation areas to pro-
vide delight without causing 
problematic glare or solar 
gain. (Peter Cook)
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6.17  Artificial Lighting

Taking the lessons learnt from Heelis, we decided to move from a centrally con-
trolled ceiling mounted system to one with more occupant interaction. Floor-
mounted up/downlights are located adjacent to the desks and are entirely user con-
trolled. A low background level of lighting is provided to corridors and circulation 
routes. Wall-washing lights pick out the internal elevations. These fixed lights are 
timeclock and central switch controlled.

The result of this is well-day-lit spaces with a background level of lighting and 
local task lighting that the occupants are very good at limiting the use of. Only about 
5 % of task lights are put on regularly and only 30–35 % on dark winter mornings. 
Most staff work happily at desktop light levels well below the published standards, 
sometimes dropping as low as 50–75 lx without complaint (Bordass and Burgon 
2014a).

6.18  Natural Ventilation and Thermal Mass

The ventilation strategy for the building relies on opening windows at each level 
and using both cross-ventilation and stack effect ventilation by exhausting at high 
level on the third floor. Voids in the floorplate allow the air to rise up the build-
ing. The openings on the top floor at the building apex are screened by a timber 
baffle so that a negative pressure is always maintained regardless of wind direction 
(Figs. 6.13, 6.14).

Fig. 6.12  The office floorplate has very good daylighting levels and artificial lighting to the cir-
culation routes. The concrete radiators are painted white to help with daylighting. (Peter Cook)
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Fig. 6.14  The void allows air to rise to roof level and helps daylight to penetrate deeper into the 
floorplates. Wall-washing lights up the end walls. (Peter Cook)

 

Fig. 6.13  Building section showing the high-level automated windows, low-level manual win-
dows, the concrete radiators and the baffled air outlet at the top of the pitched roof. Note also the 
internal solar control louvres and light shelves to the south façade. (FCBStudios)
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6.19  Materials and Embodied Carbon

Again, the design team wanted to deliver naturally ventilated building with low 
running costs and low carbon emissions. However, there was also desire to try to 
reduce the amount of embodied carbon in the structure, primarily by reducing the 
volume of concrete.

This posed an interesting question, how can one reduce the amount of concrete 
involved, but still provide enough thermal mass to enable a night-cooling strategy 
to work? We focussed on a predominantly timber structure, incorporating the mini-
mum volume of concrete necessary to keep the building cool to the required CIBSE 
Design Summer Year data for Nottingham. This generated the idea of constructing 
walls, floor and roof of the building in cross-laminated timber panels and fixing 
concrete panels to the soffits.

The concrete panels work as a structural composite with the timber; the rein-
forcement bars are bolted through the timber floor panels and modelling showed 
that a depth of 80 mm of concrete would facilitate night cooling under most condi-
tions. What resulted was an array of panels referred to as ‘Concrete Radiators’. As 
a novel solution, a sample panel was tested in the factory to check for stress cracks 
and movement over a 6-week period prior to construction.

An analysis of carbon dioxide generated by the structure was undertaken and 
an assessment made of any savings generated compared to a conventional concrete 
solution. We estimated that there would be a reduction of 400 tons of embodied car-
bon when compared with an entirely concrete structure, and the timber fabric of the 
building would sequester over 500 tonnes. The sum of this is equivalent to approxi-
mately 10 years of carbon dioxide emissions from the occupation of the building.

Throughout the design process, the pros and cons of the timber structure were 
compared against standard steel and concrete alternatives to ensure that the most 
cost-effective solution was still being chosen. This demonstrated that in addition 
to the reduced embodied carbon, there were also advantages of reduced time on 
site, simple detailing and reduced substructure. Once the decision was taken to use 
cross-laminated timber for the main structure, it very soon became logical to use it 
elsewhere in the building, including the lift shaft, stairs and balustrades.

As a result of the cross-laminated timber, the building achieved an air tight-
ness of 2.4 m3/m2/h at 50 Pa—less than 25 % of the level required by Building 
Regulations. All external vertical joints are taped, and all interfaces with the cross-
laminated structure are sealed with EPDM flashings. The air-tightness and thermal 
continuity contributed to very low heating loads.

6.20  Low- and Zero-Carbon Technologies  
and Renewables

During the design stage, the team assessed the potential for the generation of vari-
ous renewable energy systems and calculated the payback periods. The result was 
that rather than renewable technologies, the most beneficial energy investment 
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would be to focus on the reduction of the energy use of the server room, and to in-
corporate efficient servers and free cooling techniques. Nevertheless, the roof pitch 
of the building is designed to allow the potential for future installation of solar water 
heating and photovoltaics.

6.21  IT Strategy

Following Heelis, the significant contribution that ITC can make to the overall en-
ergy consumption was much more apparent during the design stage.

The Trust decided to install a thin-client system which had the advantage of 
moving the majority of the computing power and therefore the heat gains, from 
the office floorplate into the server room. This benefits the natural ventilation and 
comfort conditions in the office.

Higher-than-normal chilled water temperatures (flow 10 °C) mean that the 
system can operate in free cooling mode (i.e. the compressors do not run) and 
save energy for more of the year than would be the case had a more traditional 
approach been adopted. The initial design of independent chilled water and free-
cooling systems was value-engineered out and replaced with a less-expensive 
packaged chiller with a free-cooling coil. Unfortunately, the chiller failed every 
few months bringing down the client’s entire ICT, thin client and telephone sys-
tems. The manufacturer was remote and local support proved difficult to obtain, 
so a basic DX system had to be added as backup before the problems were even-
tually fixed.

6.22  Commissioning and Handover

The BSRIA Soft Landings process (BSRIA 2014) was informally adopted by the 
designers, but not formally incorporated into the procurement process. This was 
largely successful in embedding the lessons learnt from Heelis into the design and 
procurement and also managing expectations.

A facilities manager was appointed as the building works started on site; she 
had an important role in reviewing the design and preparing for the move-in. The 
handover was reasonably smooth but the occupier would have better understood the 
technical systems and control, had this appointment been even earlier. It would have 
also allowed the design to be reviewed more comprehensively. We produced a draft 
logbook for completion by the contractor, but unfortunately they did not develop 
this as hoped.

The design team had a more frequent presence on site than normal; however, 
without a stand-alone budget it was difficult to get the contractor to focus enough 
on submetering, BMS data logging and optimising controls algorithms.
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6.23  Post-Occupancy Evaluation

We were able to secure funding from the Technology Strategy Board for a Building 
Performance Evaluation to review the performance in use of the building (Bordass 
and Burgon 2014a). This was carried out by the design team, assisted again by Bill 
Bordass of William Bordass Associates.

During this study, further funding was secured for a detailed investigation into 
the operation of the night cooling—monitoring temperatures and heat flows with 
infra-red thermography (Bordass and Burgon 2014a). The study found that over the 
first 2 years of operation (2011/2012), despite the relatively cool summers there was 
a tendency for the offices to overheat. The initial underperformance was found to be 
due to a number of factors:

• Restrictions on window openings due to overly tight health and safety and insur-
ance requirements which were in excess of normal office practice.

• The outdoor sensor was incorrectly located and affected by solar gains and the 
internal temperature was referencing some of the wrong internal sensors.

• The building could feel too cold in the morning; furniture and other light-weight 
items were at a much lower temperature than the concrete. Windows are now 
closed 2 h before occupancy to allow internal temperatures to come into balance 
and be more comfortable.

• The controls strategy needed to be simplified.

The report also highlights key points to note for future designs:

• The concrete radiators achieved their objective: increasing thermal capacity and 
lowering peak temperatures. However, the effect is relatively small and needs to 
be complemented by a strategy that also minimises unwanted internal and solar 
gains.

• Care needs to be taken in designing, commissioning and fine-tuning of night 
ventilation systems. Simple and straightforward proposals may prove to be best, 
with some user intervention useful.

• Take care in positioning outdoor temperature sensors. Good locations can be dif-
ficult to find.

• Concrete is slow to cool, so the night cooling process can make lightweight ele-
ments including furniture too chilly the next morning. To maximise heat removal 
while avoiding comfort complaints, a rest period between night ventilation and 
initial occupancy will often be beneficial.

• Ensure that night ventilation openings are secure from break-in and daytime 
openings arranged to prevent any risk of occupants falling out.
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6.24  Energy Consumption

The building’s BMS and metering system unfortunately proved much less effective 
at collecting useful and detailed energy data than anticipated. However, a com-
parison with Heelis indicated that the base building energy use was similar to pre-
dictions and much lower than Heelis for all building-related end-uses except IT 
(Bordass et al. 2014).

At the Woodland Trust, with its low energy use for heating and lighting, the 
ICT systems—predominantly the server room including its air conditioning—were 
responsible for nearly 80 % of total annual electricity use and 72 % of annual CO2 
emissions. This highlights the need to pay increasing attention to these loads (Small 
2015).

6.24.1  Comfort and User Experience

The Building Use Studies (BUS) occupant questionnaire survey was undertaken in 
March 2012, and the results were relatively good. Overall satisfaction levels were 
high with air quality, lighting, design and perceived productivity also scoring well. 
The only indicator that was significantly below average was for noise and unwanted 
interruptions. This may have been partly due to the move from cellular offices to 
open plan. There was also a large flexible meeting area open to the rest of the office 
which has now been dealt with using moveable acoustic screens to reduce noise 
levels at source.

There were some initial problems with ventilation and stuffiness in summer and 
winter, which were considered closely in the detailed concrete radiator study. As a 
result, there have been improvements in summertime temperatures and air quality.

It was slightly surprising how many aftercare issues arose in what is essentially 
a relatively small, simple and well-executed building, and one that performed much 
closer to its design intent than most. This reveals the need for buildings to receive 
much more fine-tuning and for there to be suitable resources and budgets to do so. 
As the facilities manager said:

The Woodland Trust is lucky to have less complication than most. It is difficult enough to 
cope with the complication we have got.

6.24.2  Awards

Architects’ Journal AJ100 Building of the Year—Shortlist 2011
Green Organisation Apple Award 2011
Sustain Magazine Architecture and Design 2011
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Building Magazine Building Services Awards: Project of the Year—Shortlist 
2011

British Council for Offices Corporate Workplace—shortlist 2011
RIBA East Midlands Award 2011
RICS Regional Sustainability Award 2011

6.25  The Hive, Worcester Library and History Centre

The Hive in Worcester came out of a collaboration between Worcestershire County 
Council and the University of Worcester. It is the UK’s first joint-use library. It 
also incorporates a Multi-Agency Service Centre ‘the Hub’ for the city council, a 
local History Centre, the county archive and accommodation for the archaeologists 
of the Historic Environment Service. It replaces a range of provisions previously 
located across the city, uniting them in a single location to create an innovative new 
typology. The Hive exploits the potential for synergies in the provision of a range 
of public services in terms of operational efficiency and user experience. The proj-
ect partners created the ambitious vision for this new public amenity with holistic 
sustainability at its heart.

The Hive is located just outside the line of the medieval city wall, immediately 
to the south of the prominent nineteenth-century railway viaduct and some 100 m 
to the east of the River Severn, the floodplain of which it abuts. The development 
presented the opportunity to heal the eroded fringe of the city with the creation of 
a new permeable and accessible city block that incorporates a significant public 
realm and connects the heart of the city to the recently developed University of 
Worcester Castle Street Campus. As a significant new public building, the Hive 
marks the northern boundary of the city centre much as the historic cathedral marks 
its southern limits; both are prominent from the river valley. As the cathedral is a 
beacon for faith, the Hive celebrates knowledge, from the repository of the county’s 
rich history to life-long learning for the whole community.

The brief required a variety of study settings ranging from ‘active’ to ‘reflec-
tive’ in order to provide for the diversity of users anticipated. Early analysis of the 
site area and the likely footprint suggested that public areas should be arranged 
over several levels, while the desire for physical and intellectual access implied 
that these should be well connected. This led to the concept of a ‘social landscape’ 
with excellent connectivity both horizontally and vertically. A series of atria provide 
visual connection and allow daylight deep into the plan providing a strong sense of 
coherence from much of the public zone.

This connectivity, inspired by the aspiration for a truly inclusive building, pre-
sented the design team with the challenge of providing an appropriate acoustic envi-
ronment for each activity. Great care has been taken to provide acoustic absorption 
and, where necessary, separation such that users with very different requirements 
can happily coexist. The meeting ‘pods’ that hover over the children’s library are 
acoustically isolated from the noise below while sharing the fabulous views out to 
the river and the Malvern Hills.
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The active/reflective gradient runs broadly from west to east rising up through 
the building. At lower ground floor overlooking the flood basins, there is a ‘social 
learning’ zone where paper coexists with digital media in a range of settings for 
group and individual study. Directly above is the children’s library where zones 
are tailored to the needs of different age groups from pre-school to older teens. 
This shares the entrance level with the quick access library, the hub, the café and a 
studio theatre to create a dynamic, all-age environment. At first floor, the History 
Centre includes both a secure study area for examination of archive material and an 
open access collection. At this level, there is also a suite of bookable public meeting 
rooms.

The principal library is at second floor where the six-perimeter roof cones imply 
separate ‘reading rooms’, each of which provides a subtly different environment 
with contrasting views and light, accentuated by contrasts in colours used for floors 
and furniture. Book stack heights are varied to provide differing degrees of enclo-
sure and acoustic environment. Even within this floor, plate users can choose a 
study setting to suit their preferences.

At third floor, a single cone accommodates a silent study area that is completely 
separate from the rest of the library volume. This ‘eyrie’ sits within the laminated 
timber cone itself and enjoys fabulous views out between the roof forms to the river 
valley.

The basement archive, which houses over 260,000 records, is the one area of the 
building serviced independently from the rest of the library. This thermally mas-
sive concrete box comprises 250 mm-thick waterproof concrete walls surrounded 
by 50 mm of insulation. The archive is designed to meet the strict requirements of 
BS5454 to obtain national archive certification. The air-handling plant maintains 
strict environmental conditions and includes a full backup system; however, in the 
event of a total failure of plant the well-insulated heavyweight enclosure will main-
tain stable conditions for a number of days (Figs. 6.15, 6.16, 6.17).

Fig. 6.15  Aerial shot of the Hive in context with the River Severn. (Simon Kirwan)
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6.26  Procurement

Procurement through the Private Finance Initiative entailed an extended period of 
competitive dialogue which fostered a positive teamwork and a spirit of partner-
ship between the bid team and the end-user representatives. The regular day-long 
dialogue sessions were as much focused on the evolution of the new organisation 
as on the emerging design proposals. As the design team crystallised proposals for 
the building, the end-users began to envisage how they might work together in their 
new home.

Fig. 6.17  Section through the building showing the arrangement of spaces. (FCBStudios)

 

Fig. 6.16  Brise-soleils to the south elevation provide shading and help with control of road noise. 
The west elevation has solar control glass. (Hufton and Crow)
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6.27  Briefing

The project partners set pioneering targets for environmental sustainability. They 
recognised that this prominent new public building has the capacity to educate us-
ers by being a sustainable exemplar. The brief required BREEAM ‘Excellent’ as 
a minimum. It also required the building to have CO2 emissions less than 50 % of 
those allowed under 2006 Building Regulations and to be designed to adapt to the 
predicted impact of climate change to 2050 (as defined by the UK Climate Impact 
Programme, UK-CIP). The Hive exceeded its brief requirements and achieved an 
‘Outstanding’ rating under BREEAM 2008.

6.28  Natural Ventilation and Thermal Mass

The challenging CO2 reduction targets required the building to exploit natural venti-
lation and thermal mass to temper internal conditions; the iconic and carefully engi-
neered roof forms drive natural ventilation regardless of prevailing wind. Air enters 
through the external elevations and a large below-ground duct delivers tempered air 
directly to the central atrium.

During winter, the relatively smaller amounts of fresh air required are brought 
in through low-level vents in the same plane as the floor voids, through perimeter 
trench heaters which heat up the incoming air and avoid cold draughts. In summer, 
windows open up to increase the airflow and provide more cooling and air move-
ment. The windows that overlook the main street (to the south) have horizontal 
shelves below them, which reduce the amount of street noise as well as shelves 
above providing solar shading.

Plastic pipes, for chilled water, have been embedded in the in situ concrete frame 
further ‘activating’ the thermal mass to increase its capacity to act as a heat sink and 
maintaining user comfort during warmer weather.

The complex roof-form meant that there would be a very turbulent airflow at 
roof level, such that wind direction and pressure coefficients would be very vari-
able and unpredictable. The opening windows were located in the vertical upstand 
at the top of the roof-cone and shielded by a baffle in front to create a ‘trough’. The 
trough ensures a negative pressure at roof-level regardless of wind direction and so 
encourages air to exit via the roof vents at all times. Internal shading fins below the 
rooflights are also structural elements and are designed to capture a large proportion 
of the solar gains; they both prevent overheating below and heat up themselves to 
help drive stack effect ventilation. A scale model was tested in the wind tunnel at 
Cardiff University; this confirmed the turbulent nature of the airflow and the need 
for the baffles. The test results also better defined the pressure coefficients around 
the building and were used to improve the accuracy of the thermal model and tight-
en up the provision of window openings (Fig. 6.18).
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6.29  Building and Energy Modelling

As part of the PFI procurement process, a total annual energy consumption target 
was written into the contract documents with penalties to be applied if this was ex-
ceeded. Consequently, the predictions were carefully calculated, allowing for both 
regulated and unregulated energy use.

The summertime thermal target was slightly more relaxed than the CIBSE stan-
dard, allowing for some degree of adaptation under future climate projections with-
out predicating the use of air conditioning. It stated that the internal temperature 
should generally be maintained below 25 °C, but where it exceeds this it should 
always be 2 °C less than the external temperature.

In addition, the scheme had to be sufficiently robust to be able to maintain com-
fort conditions under the impact of climate change in 2020, and the building had to 
be capable of being adapted to cope with the more extreme environmental condi-
tions expected in 2050. The building was modelled using the UK Climate Impact 
Programme projections for these years and demonstrated the increasing need for 
supplemental cooling to the natural ventilation to ensure the building remains com-
fortable, hence the embedded pipework.

6.30  Daylight and Sunlight

Delivering good quality daylight to the heart of the deep-plan, three- and four-sto-
rey building was a key design generator. The highly articulated section with mul-
tiple atria connecting the ‘social landscape’ of the principal floor levels introduces 
daylight deep into the plan via the glazed tops of the seven irregular roof cones.

Fig. 6.18  Building section showing the natural ventilation strategy. Air enters via the perimeter 
and the ground duct and exits the roof cones under negative wind pressure
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The perimeter glazing primarily provides the views out, particularly to the River 
Severn, and supplements the roof glazing to provide an average daylight factor of 
3 % to the library.

Substantial modelling was carried out to define the detail of the internal shading 
to the rooflights. It needed to deliver very good levels of daylight and allow some 
direct sunlight in, without it affecting the occupants working below (Figs. 6.19, 
6.20).

Fig. 6.19  Daylight is 
controlled by the structural 
timber baffles. Acoustic 
panels to the ballustrades and 
bottom of the cones provide 
a good acoustic environment. 
Lights are hidden behind the 
acoustic panels. (Hufton and 
Crow)

 

Fig. 6.20  The roof cones 
provide daylight and ventila-
tion. External baffles ensure 
a negative wind pressure 
(Hufton and Crow)
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6.31  Artificial Lighting

The natural light is complimented by a low-energy electric lighting scheme. The 
strategy was to generally provide lower than usual background levels of light 
(around 100 lx) sufficient to enable people to find their way around, supplemented 
by task lighting for detailed work.

Fluorescent tubes integrated behind the acoustic absorption panels light up the 
internal surface of the cones and circulation routes below providing much of the 
background lighting. This is supplemented by occupant-controlled task lights in the 
reading areas and supplementary lighting fixed to bookshelves under daylight and 
PIR control. Daylight and PIR lighting controls also control lighting in the separate 
administration and office areas.

6.32  Materials and Embodied Carbon

The concrete frame incorporates ground-granulated blast-furnace slag (GGBFS), 
a by-product of iron and steel-making, in lieu of 50 % of the cement content, thus 
reducing embodied energy. The original design of standard cast in situ concrete was 
developed by the concrete subcontractor Northfield into a post-tensioned solution 
that reduced the required thicknesses of floor slabs and overall volume of concrete.

The seven irregular roof cones inspired by the undulating ridge line of the Mal-
vern Hills to the west and by the iconic brick kilns of the Royal Worcester pottery 
were initially designed in steel and concrete and later reconceived in solid lami-
nated timber which generated a carbon saving in excess of 2000 tons compared to 
the original approach. This was achieved using award-winning, bespoke parametric 
modelling software developed by our team. It incorporated structural and environ-
mental criteria and allowed us to manipulate the forms of the roof cones to achieve 
the desired internal environment while minimising material use.

Wherever possible, materials were sourced locally; Forrest of Dean Pennant 
forms the plinth and surface to the public realm, and locally sourced bricks are 
used in the adjacent structures, echoing the materials of the historic city fabric. The 
carapace of copper alloy shingles, though not locally manufactured, is durable and 
entirely recyclable and makes reference to Worcester’s heritage of boiler making.

6.33  Low- and Zero-Carbon Technologies  
and Renewables

The brief required the carbon emissions to be 50 % of that allowed by building 
regulations. Half of this reduction is met by the environmental design strategy for 
the building. The remainder is achieved by offsetting consumption against carbon 
savings from the use of renewable technologies: river cooling and biomass.
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The River Severn, the flood plain of which extends into The Hive’s site, is ex-
ploited as a heat sink, providing ‘free’ cooling without disrupting the river’s habitat 
value and with a significant reduction in CO2 generation compared to standard air-
cooled chillers.

Water is drawn from the Severn and passed through a heat exchanger before be-
ing returned back to the river. For much of the year, when the Severn’s temperature 
is below 14 °C, direct heat exchange with the chilled water circuit provides suffi-
cient cooling for the building. The water is pumped through pipework embedded in 
the lower part of the pre-stressed concrete floor plates, helping to cool the underside 
of the structure and increasing the radiant cooling output to the room below. The 
large expanse of concrete soffits mean that the water needs only to be slightly cooler 
than ambient temperatures to have a significant impact.

On the top floor where there are no concrete soffits, passive chilled beams fed 
from the same water circuit provide additional cooling with control to prevent con-
densation.

The river system also serves water-cooled chillers delivering high-grade cooling 
at a flow temperature of 6 °C. This system is primarily used to cool the IT server 
room and meeting rooms as well as the archive. In summer, when the river tempera-
ture rises, cooling from the high grade circuit is ‘blended’ with the river circuit to 
lower its temperature to ensure it can still cool the main body of the building via the 
embedded pipework.

River abstraction was not without its challenges. We had to ensure the system 
could cope with water levels in both flood and drought conditions and satisfy Brit-
ish Waterways that abstraction and return of the water would not affect the river 
traffic. The system also had to meet the Environment Agency’s requirements, par-
ticularly that return water should not be more than 3 °C above ambient to comply 
with the Freshwater Fish Directive. In practice, the system is allowed to raise the 
temperature of the return water by up to 5 °C as mixing at the outlet quickly reduces 
the warming to acceptable levels. We estimate that the river cooling solution uses 
less than a third of the energy of conventional air-cooled chillers to run and takes up 
much less space in the building.

A 550-kW biomass boiler provides the primary heat source and is served by 
a well-developed local woodchip supply chain. Heat loads are minimised by the 
building’s airtight construction; the building has an air leakage rate measured at 
4.3 m3/m2 façade at 50 Pa. Nevertheless, the biomass boiler is supported by three 
250-kW gas boilers to meet peak heating load and to provide backup.

Heat from the boiler is circulated through the embedded pipework in the con-
crete soffits, and the chilled beams. It also serves the perimeter trench heaters which 
temper incoming air in winter and combat downdrafts from any large expanses of 
glazing.
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6.34  Post-Occupancy Evaluation

The building’s energy consumption in use was initially more than 50 % over the 
design prediction. There followed a detailed review over two years by Max Ford-
ham and the facilities management team. The main reasons for excessive energy 
consumption were generally due to incomplete commissioning.

The building has an automated lighting system involving presence detectors, a 
roof-mounted directional daylight sensor and individually addressable lights that 
need to be set up to respond to varying daylight conditions. The system was not 
fully commissioned before handover, with the result that most lights were on con-
tinuously at full brightness.

Completing the commissioning so that lights dim down when there is sufficient 
daylight and turn off when they are not needed has made the greatest contribution 
to reducing electricity consumption. Further reductions were made by changing the 
bookshelf lighting over to LEDs.

In addition, a number of the pumps and fans serving systems such as the river 
cooling, archive air conditioning, meeting room fan coil units and the main heating 
system were running continuously at a fixed speed. These have now been properly 
set up to run as variable speed and turn off when not required.

Figure 6.21 shows how the monthly electricity usage was gradually brought 
down to below target over the first 2 years after opening to the public in July 2012.

The building continues to be monitored, and energy consumption and thermal 
comfort conditions are reported monthly and displayed on a screen in the entrance 
foyer. The archive environmental conditions are reported weekly for the ongoing 
National Archive Certification.
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Fig. 6.21  Electricity consumption over first 2 years reducing to below the design target
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6.34.1  Comfort and User Experience

While a detailed building user survey has not been carried out, The Hive obtained 
initial feedback on the opening of the building from visitors. There were positive 
comments from both visitors and members of staff on the light, airy and open feel 
of the building and the success of the acoustics in providing a good environment 
for conversations.

6.35  Other Sustainability Features

In addition to its low energy credentials, the scheme also includes a rainwater har-
vesting tank for water collected from the building’s golden roof. Rainwater is used 
by the low-flush WCs and by the archaeology department for washing archaeologi-
cal finds. It provides around 40 % of the total water used. Local area shut-off valves 
and mains supply leak detection help reduce wastage from leaking taps or damaged 
pipes.

We believe that the development of Worcester Library & History Centre, now known as 
the Hive, sets a new standard for the procurement of significant buildings in the public 
sector. The project partners, Worcester County Council and the University of Westminster 
set a challenging operational brief and very demanding standard for design quality and 
environmental performance. These demands had to be met within the constraints of the 
PFI Competitive Dialogue Process. There was a seamless transfer of the detailed design 
and construction phase to Galliford Try Construction. In our view, this phase represented 
the construction industry at its best, being characterised in particular by closely integrated 
working between the constructor, supply chain, design team and client. The project com-
pleted on time and within budget. This is an exceptional project in every way—Peter 
Parkes, Head of Property Services, Worcestershire County Council.

6.35.1  Awards

2013 RICS National Award
2013 RIBA Regional Sustainability Award
2013 Building Awards—Sustainable Project of the Year
2013 Civic Trust Award
2013 CIBSE Building Performance Awards—New Build Project of the Year
2012 PFI Partnership Award—Best Sustainability in a Project
2009 Bentley Awards—Innovation in Generative Design
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6.36  The A.G. Leventis Gallery, Nicosia, CYPRUS

The A.G. Leventis Gallery represents the fulfilment of Anastasios Leventis’ vi-
sion to create a public gallery in his homeland where the extensive art collection 
acquired during his lifetime could be shared with his fellow Cypriots and visi-
tors to Nicosia. Established over 30 years ago, the A.G. Leventis Foundation has 
expanded the collection since his death and now finally realised his vision. The 
building has already become a destination for residents of and visitors to Nicosia 
and a valuable educational resource for all generations with a regular programme 
of lectures and activities. The collection of more than 800 works of art dating 
from the Renaissance to the twentieth century is the biggest collection of Euro-
pean art in Cyprus.

The A.G. Leventis Gallery houses a formerly private collection of Cypriot, 
Greek and European art on a site just outside Nicosia’s sixteenth-century Venetian 
walls. The building, which includes a restaurant and ten apartments, is conceived as 
a stone sculpture, eroded to create courtyards, balconies and roof gardens with far-
reaching views. The building mediates between the scale of historic Nicosia to the 
north and the twenty-first century city rising to the south. The three-storey gallery, 
embracing an entrance courtyard which opens to the street, forms a plinth to the 
sculptural apartment tower which is topped by a roof garden providing spectacular 
mountain views.

Our design process started from a careful analysis of the context and evolution 
of this part of Nicosia; the site sits just outside the sixteenth-century Venetian 
walls which encircle the old (and currently divided) city centre. The site is part of 
a zone first urbanised by Lord Kitchener in the late nineteenth century—remnants 
of this remain, comprising finely detailed two- and three-storey stone villas. To 
the south, twentieth-century Nicosia sprawls: Heavily trafficked highways weave 
between mid- and high-rise ‘modernist’ buildings which pay little heed to the 
fierce climate, their highly glazed elevations and lightweight skins, reliant on 
energy-hungry mechanical cooling. Our inspiration for the gallery was the tradi-
tional buildings of the historic core, stone-built with carefully shuttered bays and 
balconies which open to allow mid-season and winter sun while excluding the 
searing summer heat.

The gallery is organised around a central atrium with a monolithic timber-lined, 
bronze-finished steel stair giving access to the three public floors of galleries, audi-
torium and café. Judiciously orientated openings provide views to the city, connect-
ing the collection of art and artefacts to a broader cultural context. The upper two-
gallery floors are connected by light shafts which allow the collection to be viewed 
in carefully controlled daylight from the roof lights which puncture the stepped, 
planted roof plains (Fig. 6.22).
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6.37  Briefing

The brief required a highly sustainable building which minimises carbon footprint 
and running costs. The gallery is designed to accommodate three permanent collec-
tions. Additionally, it houses a temporary gallery designed to meet the requirements 
of the Government Indemnity Scheme in terms of environmental control and secu-
rity, allowing work of international significance to be displayed. Fine art, decorative 
art, furniture and sculpture are displayed in domestic scale settings with controlled 
daylight throughout. Internal conditions are allowed to reflect fluctuations external-
ly through the year and range from 22 to 26 °C, while relative humidity is carefully 
controlled. The gallery also incorporates a restaurant, a shop, an education suite and 
offices for the directorate.

In addition to the gallery, the development includes ten luxury apartments with 
far-reaching views across the city and the mountains beyond.

6.38  Daylight and Sunlight

The ability to introduce controlled daylight to the galleries was central to our design 
approach, both to reduce the use of artificial lighting and to exhibit the paintings and 
artefacts in conditions somewhat similar to those in which they were created. The 
combination of roof lights, light-shafts and inter-pane louvres were carefully mod-

Fig. 6.22  A.G. Leventis art 
gallery and apartment tower
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elled to make sure that no direct sunlight falls on any of the artwork while providing 
naturally day-lit spaces. Large north-facing windows provide further daylight and 
views over the city to the mountains beyond.

Both gallery and apartment windows are screened with laser-cut metal panels 
perforated to a pattern derived from William Morris’s olive leaf design and remi-
niscent of traditional slatted timber shutters. The combination of sliding and fixed 
panels to windows and balconies provides flexible shading, filtering intense sun-
light when necessary and then retracting to open the apartments up to the city. The 
pattern has a free area of 20 % which allows airflow when the sliding shutters are 
closed. The intensity of sunlight is such that this permeability provides useful in-
ternal daylight levels while eliminating solar gain and casting delightful, dappled 
shadows (Figs. 6.23, 6.24).

6.39  Natural Ventilation and Thermal Mass

Both the gallery and apartments are intended to demonstrate replicable strategies 
which enhance the building’s sustainability while responding to the challenges pre-
sented by the Cypriot climate. To withstand the potential for seismic activity, the 
building has a heavy, reinforced concrete frame which also provides thermal mass 
to temper fluctuations in internal conditions. The high levels of insulation and air-
tightness together with the exposed thermal mass allow the gallery conditioning to 
be turned off at night without the temperature or humidity drifting outside of the 
required conditions.

Fig. 6.23  The galleries are day-lit from the rooflights; sunlight is controlled with mid-pane lou-
vres and retractable blinds
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The flats have opening windows so that they can be naturally ventilated for as 
much of the year as possible with mechanical ventilation and cooling/heating com-
ing on when necessary.

6.40  Low- and Zero-Carbon Technologies  
and Renewables

An array of piles drilled below the footprint of the building provides a closed-
loop ground source heat exchange system which takes advantage of the consistent 
ground temperature fed by an underground aquifer. This is connected to reversible 
heat pumps to meet the base heating and cooling loads by either rejecting or taking 
heat from the ground. Peak loads are met by bringing on either additional boilers or 
chillers to supplement the ground-source system. Water extracted from a borehole 
is used for irrigation of the landscape, in particular the green roof of the gallery 
which helps to limit the gallery temperature due to evaporative cooling. A large roof 
canopy which sails over the top floor roof terrace is made up of an array of evacu-
ated solar-thermal tubes which provide hot water to the whole building and shading 
to the roof terrace (Fig. 6.25).

Fig. 6.24  Dappled light and 
shadows from the sliding 
shutters
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6.41  Delivery

FCB Studios and Max Fordham worked on the early-stage design and then handed 
over to local engineers and architects who delivered the majority of the detailed 
design. FCBS Studios were retained to oversee construction quality via regular site 
visits.

With the split design responsibility and non-UK construction market, it was par-
ticularly important to communicate the design principles with the local team for 
a smooth handover. There were a number of key areas that we felt important to 
deliver this:

• Understand the local construction market and what could be delivered
• Agree the key performance criteria
• Discuss and agree the design approach in detail with the local consultants so that 

the design intent was both achievable and maintained.
• Set out commissioning and handover procedures that reflect best practice and 

involve the necessary people to oversee their implementation.

While the design development generally progressed well, unfortunately the com-
missioning and handover suffered from a lack of input from the UK-based team.

Fig. 6.25  Solar-thermal panels provide hot water to the building and shading to the roof terrace
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6.42  Post-Occupancy Evaluation

A year or so on from completion, the building manager has been measuring the 
energy consumption and found it to be well over the design projections. At the time 
of writing, Max Fordham had just visited the site and uncovered some of the key 
issues. In general, the building and its systems were meeting the brief for environ-
mental comfort conditions but not doing this in the most efficient manner. Follow-
ing the visit, the UK and local design team, client and contractor have discussed a 
series of actions to address the energy consumption.

In our visitors’ book, guests wrote that the people of the gallery work together like a close 
knit family—with a devotion for a higher cause. They called our spaces welcoming, noting 
that in fact they felt so comfortable that they would take their shoes off and step barefoot 
on the soft wooden floors. That everything happens quietly, humbly and effectively. I can-
not think of a better compliment. Loukia L Hadjigraviel, Director, A.G. Leventis Gallery

6.43  Awards

2015 Building Awards—International Project of the year—Shortlist

6.43.1  Keynsham Town Hall

• Keynsham Town Hall does not strictly form part of this series as the architects 
were AHR (formerly AEDAS) rather than FCBS, so it is only briefly addressed. 
However, it allowed Max Fordham to contribute many of the lessons from the 
other case studies in this chapter and so is worth touching on. The brief was to 
deliver a DEC A building with a very low energy use in operation and contractu-
ally binding energy targets were set.

• Natural ventilation, thermal mass and daylighting have been key drivers in the 
passive environmental design strategy which is similar in nature to the Woodland 
Trust, although secure acoustic ventilation openings were necessary to deal with 
the noisy town centre site.

• A steel frame and timber structure limits the embodied carbon; half the timber 
decks are replaced with concrete to provide thermal mass. Pipework is embed-
ded in the concrete for future connection, thus future-proofing against addition 
cooling requirements due to climate change.

• There was a concerted effort to try to reduce the complexity and quantity of 
the M&E systems and associated maintenance, and the approach of background 
lighting, wall-washing and task lighting has been followed again. In addition, out 
of hours working is restricted to a small area of the building so that the remaining 
areas can be shut down via ‘kill switches’.
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• A thin client system has been used with water-cooled chillers to the server room; 
the recovered heat offsets 20 % of the building heating load. The south facing 
roof accommodates a PV array which offsets much of the electrical demand and 
the annual income from the Feed-in-Tariff is in excess of the anticipated annual 
utility bills.

• The Soft Landings process was followed with a Soft Landings Champion, and an 
energy risk register and operational risk register were developed. These identi-
fied potential areas during design, construction, handover and operation where 
either energy consumption could increase or there might be other problems with 
operation. Responsibility was then allocated to the party most able to deal with 
it and ring-fenced budgets provided for fine-tuning. The process has formed the 
basis for the BSRIA Guide: how to procure soft landings (Bunn 2014).

• The contractor produced an illustrated guide on the operation of the building 
for the occupants, and induction sessions have taken place to ensure everyone 
understands the building. Both the contractor and design team are retained for 
2 years after practical completion to optimise energy performance and comfort 
with seasonal commissioning and occupant surveys.

• So far, an EPC of 5 (2.85 kg CO2/m
2) has been achieved; suggesting an almost 

zero carbon base build (EPCs do not include non-regulated energy such as IT). 
At the time of writing, the building is not yet fully commissioned and we wait to 
see how it performs in practice.

6.43.2  Summary

We have only been able to touch on some of the key moves and findings within 
these case studies. There are references at the end of the chapter for further reading 
should you be interested in finding out more detail.

Aside from the general design approaches explained, there are some general les-
sons that we have learnt along the way that can be usefully applied to future proj-
ects.

• We have been lucky to work with forward-thinking clients who have given us 
the opportunity to be adventurous in our designs. However, finding a common 
language to draw out their aspirations during the briefing stage (e.g. using the 
sustainability matrix (Max Fordham LLP 2010)) has been very helpful.

• A robust base design using passive design principles can help provide reasonably 
comfortable conditions even when the commissioning of the systems has not 
been completed. It can also contribute significantly to the health and well-being 
of the occupants. Provide a well-considered secure natural ventilation with con-
trolled daylighting and appropriate thermal targets that consider future climate. 
Review whether sufficient draught-free wintertime ventilation be achieved?

• Keep it simple and user-friendly—in particular, the usability and clarity of con-
trols. Avoid unmanageable complication of controls to deliver further energy 

G. Nevill and J. Wright



1556 Delivering Sustainable Exemplars

savings; it is quite possible they will not work that well in practice. Think about 
the experience of using a space.

• As the energy performance of buildings improves and computing power increas-
es, the energy consumed by the ICT and fit-outs such as cafés can become even 
more significant than the base building systems. These need thinking about care-
fully and integrating within the design approach.

• Adopt a soft landings approach right from the start of the project and identify 
champions to drive it all the way through. It is important that all of the key peo-
ple involved engage with this process. Allocate responsibility for dealing with 
energy consumption and other operational issues.

• Where possible, involve the facilities management staff early, ideally during 
design or construction. Make sure that they are well trained in the use of the 
systems and particularly the BMS. There should be a clear description of the 
operational principles and expected energy consumption and induction of the 
building occupants.

• Identify specific allowances for dealing with commissioning and fine-tuning 
during and after practical completion. Fine-tuning is likely to take up to 2 years 
and it is helpful to have a contingency budget to deal with the unexpected and 
any minor alterations quickly and effectively.

• POE can be contractually difficult, particularly during the defects liability period 
owing to the contractual situation and the grey area between defects and en-
hancements. Potentially better advances are made with direct relationships with 
BMS and electrical contractors.

• Contribute to a constant stream of feedback as we can all learn from every proj-
ect. Building on previous experience should help to get as much as possible right 
first time; however, this may not be enough. Some degree of review, fine-tuning 
and feedback will undoubtedly be necessary to deal with the unexpected!
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7.1  Introduction

As the planet faces the issues of climate change, it is now accepted that global 
warming will have a significant and threatening impact upon climate, which will 
have a significant impact upon nearly every aspect of economy, environment and 
society. It is also widely accepted that buildings contribute to as much as one third 
of total global greenhouse gas emissions (UNEP 2009), and this is primarily through 
the burning of fossil fuels in their operation, consuming up to 40 % of all energy. It 
is therefore a necessity that each nation seeks to make the reduction of green house 
gas emissions from buildings as part of their climate change strategy.

The United Nations Environmental Programme (UNEP) notes the objective that 
by 2050, greenhouse gases need to be cut by 50 % and at least by 25 % in by 2020. 
The Kyoto Protocol (United Nations 1998) set objectives for each signatory nation 
to reduce its greenhouse emissions. This contribution target is now subject to nego-
tiation, but is still to be finalised at the time of writing.

It is also widely acknowledged that the building sector continues to grow through 
the development of the world’s economies and in response to population growth. 
Without further actions, the greenhouse gas emissions from buildings are set to 
double in the next 20 years.

In response to the commitment targets set by the Kyoto Protocol, we have seen 
the development of a range of building control processes, each seeking to develop 
systems by which to control design so as to limit the impact of new and existing 
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construction upon the environment. For example, in the European Union the En-
ergy of Buildings Performance Directive (EBPD) of 2002/2003 came into effect 
in member states over 2006–2009 so as to improve the energy efficiency of build-
ings and ensure the convergence of building standards across Europe. With 70 % of 
domestic energy demands arising from the need to provide hot water and heating, 
the directive took high-level importance. In the directive, energy consumption was 
to be reduced by 25–40 % by 2020, with savings of 80 % predicted by 2050. The 
implementation of the EBPD within the EU has influenced step changes in national 
building standards and design codes so as to achieve this aim.

Likewise, the Building Research Establishment Energy Assessment Methodol-
ogy (BREEAM) was first published by the Building Research Establishment (BRE) 
in the UK in 1990 (2012); BREEAM is the world’s longest established and most 
widely used design tool, which is used to assess, rate and certify the sustainability of 
buildings. The methodology now comprises 12 different guides including residen-
tial and commercial buildings. Globally, other assessment tools have been devel-
oped as a result of the lead taken by the BRE. They include in the USA the Leader-
ship in Environmental and Energy Design (LEED), HK BEAM (founded as Hong 
Kong Building Environmental Assessment Method), the China Three Star code, 
Green Star in Australia and the Estidama Pearl Rating System, which is used in the 
Gulf. The range of standards may be confusing to the sector. However, they reflect 
the growing importance across the globe and meeting the differing needs of build-
ings according to their location, local legislation and planning needs and of course 
climatic conditions. A comparative study of BREEAM, HK BEAM and LEED (Lee 
and Burnett 2008) sought to develop a basis for benchmarking the standards.

The common theme throughout the noted methodologies and others all seek to 
focus upon limiting the energy use per unit area of floor space by the consideration 
of the thermal properties of the building structure, consideration of the relative heat 
gains and losses by occupation, use, climatic conditions and air permeability. It 
may be said that such tools all seek to limit the energy and thus green house gas 
emissions by improving performance by incremental changes in design, building 
fabric and performance. Of particular note and contrast is the Passivhaus approach 
(Cottera and Dadeby 2012), which takes a particular focus to radical reductions in 
the energy demand of the building by employing very low thermal transmittance 
values and low air permeability setting a limit of 15 kWh/m2 year This is achieved 
by optimising solar heat gain, removing thermal bridges and providing good indoor 
air quality by ventilating the habitable space and employing highly efficient heat 
recovery technology. These approaches have now been applied to domestic build-
ings in temperate European climates, but extending this approach to sub-tropical 
climates and to multi-occupancy and commercial premises is an imperative.

In this study, we focus upon the sub-tropical environment of Hong Kong. The ther-
mal demands are normally converse to the European context. Normally, the winter is 
cool and dry, whereas the spring is changeable and wet. The summer is hot and very 
humid with the highest rain fall occurring over May to September. Autumn is the most 
pleasant time of the year. These climatic conditions therefore lead the design team to 
focus upon the thermal comfort of occupants by the consideration of the avoidance 
of excessive solar gain through both the structure and fenestration, the reduction of 
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internal heat gains and attempting to make the best use of passive ventilation, whilst 
providing adequate protection against rainfall over the summer months. This task is 
not easy with the summer weather, which is normally over the range of 24–32 °C and 
78–83 % relative humidity (Hong Kong Observatory, accessed 2013).

A further dynamic of the Hong Kong scenario is the extensive building develop-
ment in the Special Administrative Region (SAR) of China. The small region has a 
land mass of 1104 km2 and a population of 7,234,800, making it one of the densely 
populated areas of the globe. This coupled with its property market makes for a 
very densely developed area (where buildings can be safely built in-between its 
hilly terrain) so promoting large building developments, which often employ mixed 
use transportation stations, shopping malls, schools and residential apartments that 
often rise to 40, 60 or more storeys.

In consideration of air quality, reducing the heat load from the mass of air condi-
tioners is critical. From an energy perspective, Hong Kong uses annually just under 
600,000 TJ (Hong Kong Electrical and Mechanical Services Department (EMSD 
2013)). With no indigenous energy sources in the region, energy conservation is an 
economic necessity.

The region’s energy mix comprises 23 % nuclear power generated from the main-
land, 54 % coal and 23 % natural gas. Of the region’s carbon emissions, electricity gen-
eration makes the biggest contribution at over 25,000 kt of CO2 (76 % of the region’s 
total figure) compared to less than 5000 kt from transport. The density of the city and 
its integrated public transport makes the region’s transportation policy a model for oth-
ers to follow. The carbon dioxide emissions per capita have seen a small reduction from 
2007 to 2011 at 6.0 t of CO2 per person, less than that of mainland China and two thirds 
that of Japan (Hong Kong Environmental Protection Department (EPD) 2015). As a 
coastal city region, which is exposed to extreme climate conditions, the mitigation of 
carbon emissions is a real policy driver. The Hong Kong government is fully aware of 
the impact of climate change and thus the increase in local temperature, higher night-
time temperatures, increasing extreme rainfall and thunderstorms and sea level.

The EPD has focused on a range of measures to encourage reduction in the 
region’s emissions targets, and they focus upon reducing energy usage, the use of 
clean fuels and reducing the reliance upon fossil fuels. The Hong Kong government 
has highlighted the adoption of electric vehicles and the Building Energy efficiency 
scheme as policy goals in 2007.

Hong Kong’s construction industry is one of the major drivers of the Hong Kong 
economy, particularly by nature its buoyant property market. The Hong Kong gov-
ernment reports for instance the index sales prices for apartments rising from circa 
70 in 2009 to 140–150 by 2014. With increasing demand, the government policy 
is to further develop land for building. Hong Kong is presently therefore in a time 
of growth in its building stock. The current decade is characterised by the develop-
ment and extension of the Mass Transit Railway (MTR), the building of the Hong 
Kong/Macao bridge, the new Hong Kong cultural district, extending its utilities 
infrastructure and the revitalisation of its building heritage among others. The Hong 
Kong Development Bureau reports that of the $ 480 billion approved by the Leg-
islative Council’s (LegCo’s) Finance Committee over the last 5 year period, 60 % 
is devoted to the Ten Major Infrastructure Projects and the remaining 40 % to other 
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projects of varying scales. It is expected that the annual capital works expenditure 
will exceed $ 70 billion in meeting this commitment. These projects are all set in the 
context of a developing tourist market that raises continually the demand for hotel 
accommodation and all the ancillary services that are demanded by visitors whether 
this is related to trade or leisure (Hong Kong Development Bureau 2014).

As a consequence of this setting, it is timely to consider one of the landmark 
projects within the Hong Kong Special Administrative Region. This focuses upon 
the construction of the Holiday Inn Express located in the busy Soho area on Hong 
Kong Island. The following section reports the needs of such a building and how 
carbon reduction technology can be employed in a 36-storey building.

7.1.1  Purpose and Design of the Hotel

The hotel, Holiday Inn Express Soho Hong Kong (the Hotel hereinafter), shown 
in Fig. 7.1, is located at 83, Jervois Street, Sheung Wan on the Hong Kong Island, 
which is within the central business district of Hong Kong, a 5-min walking dis-
tance from the Sheung Wan MTR (name of the subway in Hong Kong) station. 
Construction commenced on 10 September 2010 and was finished on 15 March 
2012. Total cost of construction was around HK$ 350 millions, i.e. US $45 millions 
or £ 28 millions. The land lot is about 612 m2 in size while the overall gross floor 
area is 9173 m2. This high-rise hotel is 36-storey tall, consisting 274 guest rooms.

Fig. 7.1  Holiday Inn 
Express Soho Hong 
Kong
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The project has won praise for its design and performance receiving numerous 
international prizes and achieving three key levels of certification, including US 
LEED Platinum (first of this nature in the whole world), HK BEAM-Plus Platinum, 
Singapore BGA Green Mark Platinum, Three Star of China Green Building Coun-
cil, Green Building Award 2012, Intelligent Hotel (Distinction) of Asian Institute of 
Intelligent Buildings 2012, Hotel Investment Conference Asia Pacific Sustainable 
Project Design 2013, and Quality Building Award 2014. The description on various 
systems and features of the Hotel in this chapter is based on an article published by 
the leading author of this chapter (Wong et al. 2014).

7.1.2  Construction, Orientation and Passive Features

The building is oriented towards the NEN—SWS direction, path of sunshine, which 
is shown in Fig. 7.2.

The climatic conditions of Hong Kong are noted previously in this chapter, 
wherein it is seen as a sub-tropical city, but it is acknowledged that the city is gradu-
ally moving towards a tropical environment due to the global climate change. Based 
on the official Web site of Hong Kong Observatory (www.hko.gov.hk), the aver-
age temperature rise of Hong Kong from 1885 to 2014 is 0.12 °C/decade, 0.15 °C/
decade from 1947 to 2014, and 0.16 °C/decade from 1985 to 2014, indicating that 
the increase in average temperature of Hong Kong is accelerating (Hong Kong 
 Observatory 2015).

The summer in Hong Kong is hot and humid. As a result of these conditions, sub-
stantial solar load comes from the west, in particular, between 1 and 6 pm, as shown in 
Fig. 7.3. Because of this condition, the western side of the Hotel is designed with open 
staircases, electrical/mechanical plant rooms and 200-mm-thick structural wall for 
good thermal insulation. The western stair case is designed with projecting platforms, 

Fig. 7.2  Location and orien-
tation of the hotel
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serving as a “breakout” area for hotel guests. Low-E coating and argon gas-filled in-
sulated glass units are used for all of the windows to the guest rooms which face north 
and south so as to optimise the use of daylight, while minimising solar heat gain.

With the use of Low-E glass and a shading coefficient of 0.42, the thermal trans-
mittance or U-value for windows is 1.3 W/m2 °C, versus 2.7 W/m2 °C without the 
use of IGU (insulated glass unit) Low-E coating. Low-E coatings can help to mini-
mise the amount of ultraviolet and infrared light that can pass through glass without 
compromising the amount of visible light that is to be transmitted. In Hong Kong 
climatic conditions, the U-value is representative of the amount of heat penetrating 
into the interior from outside in summer, thus the lower the better. The spandrel 
panels are made up of layers which include a spandrel mono glass, air space, alu-
minium back frame, insulation, concrete and gypsum plaster, achieving an overall 
U-value of 0.35 W/m2 °C. The roof of the Hotel is composed of a layered construc-
tion, which includes concrete tiles, cement sand, protection board, membrane, ce-
ment sand and reinforced concrete slab, achieving an overall U-value of 2.3 W/
m2 °C (Lee 2010). In terms of Hong Kong design code, the Hong Kong Government 
Buildings Department specifies an overall thermal transfer value (OTTV), which is 
defined as the average amount of heat in Watts transmitted from outdoor to indoor 
through a square metre of building façade during summer when the outdoor tem-
perature is much higher than the indoor (Hong Kong Buildings Department 1995).

Modular and standard design was implemented throughout the construction proj-
ect so that construction and demolition waste was minimised. This accounted for 
more than 50 % for a typical floor plan. Off-site fabrication (precast) building mate-
rials were used, shown in Fig. 7.4a, so that on-site waste could be further reduced. 
The erection of the lift shafts was by the use of metal formwork to enhance build-
ability, shown in Fig. 7.4b.

A new low carbon green building material, StarfonTM, was widely applied. It is 
an eco-friendly building material using a cementitious composite extrusion technol-
ogy, made with materials such as cementitious binders, fibre, recycled glass and oth-
er inorganic fillers. During the curing of the substrate, only a small amount of heat 

Fig. 7.3  Significant solar 
load from the west
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is required to support the curing process. By applying ultraviolet (UV) curable inks 
and coatings to the products, no volatile organic compounds (VOCs)were produced 
while energy consumption was reduced. It should be noted that low VOC products 
were extensively used throughout the whole building, including adhesives and seal-
ants, paint and coatings, composite wood, and carpet, etc. In addition, 100 % of the 
timbers used for construction were either from recycled sources or timber sourced 
from sustainably managed forests (Forest Stewardship Council).

With regard to project design and management, the application of building in-
formation modelling (BIM) was extensively implemented for the construction of 
subterrainian utilities and the construction of floors and the external façades. The 
5D BIM strategy which was applied involved (i) 3-dimensional REVIT (one popu-
lar BIM software used by the construction industry) modelling, (ii) clash detection, 
(iii) construction programming, (iv) standard method of measurement for the take 
off of quantities, and the development of accurate construction cost estimation and 
verification. The combined process enables errors to be identified prior to construc-
tion, so reducing wastage on site, reducing the time of the construction phase and 
importantly minimising construction waste.

The project also makes a significant contribution to the bio-diversity of what is a 
central downtown area, which would have previously made very little contribution 
to the local environment. The Hotel provides 47.5 % greenery to the density devel-
oped land lot, and this was achieved by providing 165 m2 of horizontal green roof 
and podium and 126 m2 of vertical green wall as shown in Fig. 7.5. The plant spe-
cies selected were adaptable to the local climate of Hong Kong, resistant to drought, 
requiring limited fertilisation and less maintenance. This involved the introduction 
of tuberous sword fern and springers asparagus which are used for the green wall, 
while carpet grass, China-berry and Persian lilac are for the green roof and podium, 
respectively.

The green roof and green wall can further reduce the U-value of the façade, so 
that less heat can penetrate into the interior during hot summer. An extensive imple-
mentation of the green roof policy by a city can mitigate the “Heat Island Effect”. 
This process refers to the abnormal increase in mean air temperature of a city over 
its natural surroundings (Environmental Protection Agency of the United States of 
America 2015), and heat islands can affect communities by increasing summertime 

Fig. 7.4  a Precast staircase. b Metal formwork
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peak energy demand, air conditioning costs, air pollution and greenhouse gas emis-
sions, heat-related illness and mortality, and water quality. The use of green roofing 
and walls infers a degree of transpiration and expiration of water from the foliage 
and natural evaporative cooling and absorption from its sedum. The impact being 
that the process of water evaporation induces a cooling effect upon both the build-
ing and the surrounding environment.

With regard to water supply, two recycling storage tanks, 5000 L each, are in-
stalled in the Hotel to collect both rain water and condensed water from the air-
conditioning system for irrigation. A filtration system with UV sterilisation is used 
to treat the collected water before its reuse.

7.1.3  Building Services Systems and Energy Conservation

The Hotel received full marks for “Optimize Energy Performance” under the cat-
egory “Energy and Atmosphere” of LEED 2009 for New Construction. Obviously, 
most building services systems, besides their normal functions to serve the occu-
pants, were designed to save energy. The major energy consumer of a hotel in Hong 
Kong is of course the central air-conditioning (AC) system.

Two water-cooled screw-typed variable speed twin-compressor chillers are in-
stalled, each with a capacity of around 190 refrigerant tons (668 kW), the coefficient 

Fig. 7.5  Vertical green wall 
of the hotel   
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of performance (COP) is designed to be 5.48 (0.64 kW/ton in US units). It should 
be noted that the chiller cannot operate alone; there are other accessories including 
cooling towers, condensing water pumps, chilled water pumps; therefore, supervi-
sory control is necessary. Therefore, the COP of the entire chilled water system is 
lower than 5.48. However, the COP of a chiller is still the most important parameter 
addressing the energy performance coefficient of the unit. This is defined as the 
ratio of the amount of heat extracted from the chilled water (kW) by the chiller to 
the amount of electrical energy consumed by the unit (kW), thus the higher value 
the better. The COP is rather sensitive to the condensing water temperature, thus the 
lower the better. When cooling towers are used, the condensing water temperature 
is closely related to the dew point temperature of the outdoor environment. Accord-
ing to the Code of Practice for Energy Efficiency of Building Services Installation, 
Electrical & Mechanical Services Department, HKSAR Government, 2012 (www.
emsd.gov.hk), the nominal COP of a screw-type chiller over the range 50–1000 kW 
is about 4.7, indicating that the two chillers installed at the Hotel perform beyond 
normal design. The advantage of using variable speed compressor is that it im-
proves performance during part-loaded operation. There are generally two types 
of compressors for chillers, constant speed drive (CSD) and variable speed drive 
(VSD). For CSD operation, the valve controlling the injection of refrigerant into 
the compressor is the only device under control. For VSD operation, the speed of 
the compressor is under control and therefore less energy is consumed under a part-
loaded condition when the speed is reduced. Similar to the chillers, cooling towers 
and chilled water pumps at the Hotel are also driven by variable speed drives for 
optimal energy performance.

An Energy Optimization Solution (EOSTM) was developed to optimise the over-
all energy consumption performance of the AC system based on a continuous moni-
toring the overall cooling load of the building, 24/7, as well as weather conditions 
using parameters such as CO2 density, indoor temperature, electromagnetic chilled 
water flow rate, differential pressure, outdoor temperature and humidity, etc. All 
these values are fed to the EOSTM software for processing and further to the building 
automation system of the Hotel for optimal control including optimal chiller opera-
tion, limited maximum chilled water flow rate of any individual branch and super-
vised chilled water return temperature under part-loaded condition with the aid of 
zonal and terminal thermal energy control valves. For example, if the setpoint of the 
chilled water return temperature is at 12 °C, the valve opening is reduced when the 
temperature is lower than 12 °C, and vice versa. At the same time, a PowerBoxTM 
online energy management and monitoring system was developed to report energy 
performance, 24/7. It is an online energy data logging software with analytical func-
tions to reduce peak demand and initiate appropriate alarms. The components of 
it are shown in Fig. 7.6a. The PowerBoxTM reporter, shown in Fig. 7.6b, provides 
benchmarking reports and gives advice on energy improvement.

Chilled water flows into the fan coil units (FCUs) in the guestrooms, corridors 
and function halls, where return air is cooled down before recycled to the supply 
air. In the guestrooms, FCUs are operating 24/7, even when the guests are out of 
the room because of the consideration of sanitation. The key card of the guest is the 
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control parameter, and when it is not inserted, this raises the in-room temperature 
setting to 27 °C and reduces the fan speed of the FCU to its low-setting so as to 
save energy with both the chiller and the FCU. Since hundreds of FCUs are op-
erating in the Hotel simultaneously, energy saving with FCU operation is critical. 
The technology of iFCUTM, shown in Fig. 7.7, was developed, where permanent 
magnet motors are used, versus the traditional alternating current permanent split 
capacitor motors.

Fig. 7.6  a Components of PowerBoxTM. b The dashboard of PowerBoxTM

  

Fig. 7.7  Permanent magnet 
motor of iFCUTM

  

C. T. C. Wong et al.



167

Traditionally, the permanent split capacitor motor serving a FCU consists of two 
coils, one main and one auxiliary, in the stator. The rotor is the conventional squirrel 
cage design. Without any permanent magnet or commutator within, a single-phase 
supply from the city mains cannot rotate the rotor. Therefore, a capacitor is installed 
to split the single phase into two phases. It is well known that the current through 
a capacitor is, in principle, 90o leading the phase of the voltage supply. Hence, the 
current in one winding basically lags that in another winding, thus producing the 
rotating torque. The main winding has terminals so that the applied voltage can be 
applied to any one of them to fulfil speed selection, thus Hi-speed, Mid-speed and 
Lo-speed as determined by the switch position of a conventional thermostat with 
3-speed settings. This approach, though effective in speed control, is not energy 
efficient. By placing permanent magnets on the rotor, we still need a rotating mag-
netic field produced by a power electronic drive. The current applied to various sta-
tor windings comes sequentially based on the current position of the rotor.

To drive a permanent magnet motor, a direct current voltage is applied under a 
pulse-width-modulation mode so that energy is saved because no current is needed 
to provide the magnetising current from the stator. Also, the intrinsic magnetic field 
produced by the permanent magnets on the rotor strengthens the interaction with 
the rotating magnetic field, thus a much higher torque to size or weight ratio. This 
technology is called brushless direct current (BLDC) or electronically commutated 
motor (ECM) approach. Table 7.1 shows the energy performance of the iFCUTM 
compared with the use of a conventional permanent split capacitor motor for the 
FCU of a typical guest room. The total power factor of the iFCUTM is always higher 
than 0.85 as statutorily required and energy saving could be up to 80 % under low-
speed operation as shown in Table 7.1. It should be noted that in a hotel guest room, 
the FCU is operating at low speed for most of the time, i.e. when the guests are ab-
sent during the day and are sleeping during the night. This technology also provides 
advantages including higher static pressure provision, lower motor heat dissipation 
and noise level, and more accurate temperature control up to ± 0.5 °C.

The Hotel also offers a distinct opportunity to generate its own power using 
renewable technologies, because of its large surface area and its location. In this 
respect, solar power is the most compelling renewable energy source in Hong Kong 
and it is utilised on the rooftop of the Hotel. For this project, the solar thermal op-
tion has been adopted. There are 24 aluminium solar-collecting panels, each 3 m2 in 
size, as shown in Fig. 7.8, together with a schematic representation of the hot water 
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circuit diagram. It is generally accepted that central hot water supply is one critical 
service of a hotel as guests need showering, hand and face washing, and restaurants 
need a continuous supply for washing and cooking. The solar panels therefore be-
come the first heat source to pre-heat cold potable water.

The second heat source comes from the returning chilled water of the AC sys-
tem. Return chilled water is directed by variable speed pumps to four heat pumps, 
where the heat is extracted from the chilled water and injected to the pre-heated 
potable water. At the same time, the temperature of the return chilled water could 
be lowered accordingly to improve the efficiency of the chillers. According to the 
Heat Pump Water Heaters Pamphlet of the Energy Efficiency Office of Electrical 
& Mechanical Services Department of the HKSAR Government (www.emsd.gov.
hk/emsd/e_download/pee/HeatPumpPamphlet.pdf), the amount of heat and cool 
energy produced at the condenser and evaporator, respectively, of a heat pump de-
pends on factors including the temperature of the media surrounding the condenser 
and evaporator of the heat pump, the type of refrigerant used, and working pressure 
of the refrigerant vapour entering the condenser. For electrically driven heat pumps 
that serve both heating and cooling, the coefficient of performance (COP) is defined 
as the ratio of total heat and cool energy output to the electrical input. Generally, a 

Fig. 7.8  Solar hot water col-
lecting panels and the water 
circuit
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heat pump may achieve a COPHeating of 3 and the corresponding COPCooling could be 
2, thus a total COP of 5. Finally, as standby, a boiler or calorifier is used to ensure 
the temperature of final hot water delivered to the guest rooms is at 65 °C.

In high-rise buildings, a key draw upon energy usage is that for the provision of 
vertical transportation. In this respect, the project sought to change the approach to 
lift design and focus upon energy conservation. This approach was therefore a fur-
ther opportunity to gain additional points for innovation. The Hotel is served by four 
high-speed lifts, one of which is mainly used by staff as a freight lift. Three lifts, L2, 
L3 and L4 of rated speed 3 m/s and contract capacity of 1275 kg carry passengers 
from the ground floor to the top floor, serve all 33 levels of the building. All four 
lifts are equipped with a re-generative braking device so that electrical energy can 
be produced and fed back into the city mains whenever the heavier side, either car 
or the counterweight, is moving down or even when the heavier side is moving up-
wards under deceleration. It was reported that up to 25 % of energy could be saved 
by using this re-generative braking approach (ASME 2015).

Each lift controller is continuously monitored by a networked power meter with 
an accuracy up to 1 Wh (= 3.6 kJ). A new benchmarking parameter, J/kg-m, was 
implemented onto the system for checking the energy performance of every lift 
on an hour-by-hour basis. This parameter has been incorporated in the Technical 
Guidelines on Code of Practice for Energy Efficiency of Building Services Instal-
lation 2012 of Electrical & Mechanical Services Department of HKSAR Gov-
ernment (downloadable from the Web site: www.beeo.emsd.gov.hk/en/pee/TG-
BEC_2012%20(Rev.%201).pdf) as a good engineering practice recommended to 
the industry. A period of time, T seconds, is determined and fixed, say 30 min, 1 or 
2 h, etc. Once T is determined, it should be permanent for the purpose of bench-
marking. During such period of time, a lift car makes N number of brake-to-brake 
journeys. A brake-to-brake journey is defined from the moment the brake is released 
until the moment the brake is re-applied. Within the ith journey, i running from 1 to 
N, the car carries wi kg of passengers and travels di m of distance, irrespective of di-
rection. And during such period of time, ET Joules of electrical energy is consumed 
as recorded by the networked power meter. Then, J/kg-m is defined as:

It is generally known that when the lift car is moving upwards, the counterweight 
should be as heavy as possible to save energy and when the car is moving down-
wards, the counterweight should be as light as possible. However, it is impossible 
to change the counterweight frequently and there is a rule of safety that the counter-
weight has to be within a range, usually equal to the empty car weight plus 40–55 % 
of car capacity due to the frictional requirement as shown by the formula:
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Here, T1 and T2 represent the tension on either side of the traction sheave, one sus-
pending the lift car and the other suspending the counterweight; f is the equivalent 
coefficient of friction between the hoisting ropes and the grooves of the sheave and 
 is the angle of wrap which is related to the contact perimeter that the ropes make 
on the sheave. Subject to this inequality, the two tensions cannot be significantly 
different. The counterweight setting is usually determined by the lift manufactur-
er, based on the overall design. With a fixed setting, energy efficiency very much 
 depends on the traffic patterns. In general, if a lift is always lightly loaded, the 
counterweight should be adjusted to the minimum allowable value and the opposite 
case is applicable if the lift is always heavily loaded. The fact is however that traffic 
patterns change continuously. The method adopted at the Hotel records all journeys 
of each of the three lifts, L2, L3 and L4, and over a period of 2 weeks, an optimal 
counterweight setting is estimated and suggested for the maintenance contractor to 
implement, of course, within the safety margins, based on the J/kg-m parameter. 
Such optimal setting, though sometimes more energy efficient, while sometimes 
it is not, however can still achieve the minimum energy consumption for a period 
of two previous weeks. If the history repeats in the subsequent 2 weeks, energy 
consumption will certainly be reduced. After the system has been operating for a 
year, the system keeps an annual history of traffic patterns and the best counter-
weight setting over time can be suggested accordingly. It was reported that as much 
as 13 % of energy saving could be achieved by using this method (Lam et al. 2006).

7.1.4  Customer Needs, Comfort and Energy Saving

Up to now, this chapter has discussed those building services which are mainly 
inaccessible by guests, except the Low-E glass windows. There are various features 
however that the guests can personally interact with.

If we consider water use, opportunities to conserve its use are to be found, par-
ticularly in a large hotel building. For instance, low-flow sanitary fittings, as shown 
in Fig. 7.9, are installed throughout the Hotel. Potable water flows through the fau-
cets (which can achieve a 51.4 % reduction in water flow) and shower heads (which 
achieve a 47.5 % reduction in water flow) by the use of aerators. When water passes 
through the aerators, air bubbles are injected into the water stream, creating the 

Fig. 7.9  Low flow sanitary fittings
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same feeling of volume flow rate to the user, but using less water. A further saving 
of potable water is the use of seawater for wc flushing, which is a common practice 
in Hong Kong. Therefore, seawater is used to flush the Hotel’s water closets and 
urinals. Low-flow urinals achieve 16 % reduction in water flow while dual flush 
water closets (20 % reduction in water flow) provide both low-flush and high-flush 
options. These low-flow sanitary fittings could reduce the loading upon the building 
and municipal drainage systems.

As we have discussed previously, the windows offer scope to limit solar gain and 
heat transfer from the warm external ambient air into the building. Naturally, the use 
of blinds or curtains can support this function. In consideration of fenestration to 
the hotel rooms, roller blinds inside all guest rooms are motorised and interlocked 
with the keycard control. This enables shading and energy retention to be initiated. 
Whenever a guest leaves the room and removes the keycard out of the holder, which 
is close to the door, the curtain is automatically closed, so serving two functions. 
The blind is highly reflective towards the exterior and can significantly reduce the 
amount of solar radiation injected into the room, thus lowering the solar heat gain 
and the resultant cooling load. Furthermore, the motorised blinds are programmed 
to be closed at 11 pm in every evening, thus preventing light pollution to the sur-
rounding environment due to the in-room lamps. Once the guest returns and inserts 
the keycard back to the holder, the curtain is automatically opened to present the 
guest with a lovely external view.

At the same time, when the keycard is removed, the fresh air damper is closed, 
thus further reducing the in-room cooling load, bearing in mind that the in-room 
temperature setting is also elevated to 27 °C while the fan speed of the iFCUTM is set 
to low. The absence of fresh air, when the room is unoccupied can also reduce the 
burden on the primary air units, which cools down the outdoor air. When the room 
is occupied, a sensor continues to monitor the CO2 density to regulate the fresh air 
damper so as to admit the right amount of fresh air.

Indoor lighting also offers the potential to reduce energy usage. Therefore, 
all lamps in the guest rooms are LED based with high efficacy, while some are 
dimmable. Efficacy, (lm/W), is a measurement of the energy efficiency of lamps, 
which is defined as the ratio of the light output in lumens to the electrical energy 
consumed in Watts. The normal efficacy of traditional incandescent lamp bulbs is 
around 10 lm/W, while that of the CFLs (compact fluorescent lamps) is around 
55 lm/W. The efficacy of state-of-the-art LED lamp bulbs could be over 100 lm/W, 
while there is still room for improvement. In the staircases and offices away from 
windows, T5 fluorescent tubes with electronic ballasts of high efficacy are installed.

In public circulation areas, lighting control is also a potential energy-saving mea-
sure, and there is also scope to modulate air conditioning according to the transient 
occupancy of these areas. Along the corridors outside the guest rooms, a Pattern 
Recognition Energy Saving Solution (PRESSTM) was developed by making use of 
the security CCTV cameras installed there. Therefore, in addition to the normal 
function of detecting unauthorised intruders inside the Hotel, the PRESSTM soft-
ware helps to check the presence of occupants along a corridor or at a particular 
zone. A prolonged absence of occupants initiates the turning off of the lighting and 
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raises the temperature setting and lowers the speed of the corresponding iFCUTM. 
There are two merits of this system, first an additional sensor being unnecessary and 
second further energy-saving being accomplished.

One novel innovation was put on trial in selected guest rooms. This development 
helped the Hotel obtain one credit in the area of “Innovation” of LEED. Conven-
tional air-conditioning design is known to waste energy because the whole indoor 
environment is cooled down irrespective of the position of the occupant. In the 
guest room, when the guest lies on the bed and sleeps during midnight, it is unneces-
sary to keep the whole room under a low temperature, wherein 22 °C is normally ap-
plicable in Hong Kong. The idea is therefore to provide a localised cool space about 
200 mm above the bed surface. The principle of operation is shown in Fig. 7.10.

Cool air, called “cold air” in Fig. 7.10, at around 22 °C, is supplied from a dif-
fuser on the headboard above the head of the guest with a very low speed, less than 
0.1 m/s. Relatively warm room air, called “hot air” in Fig. 7.10, is extracted back 
above the headboard and re-cooled. In this way, the localised space above the bed 
is appropriately cool enough, while the room could be relatively warmer than usual. 
The control logic is that when the average illumination level of the room is below 
5 lx and within the time period from 11 pm in the evening to 7 am in the morn-
ing, the room temperature setting of the iFCUTM is adjusted to 25 °C instead of the 
normal 22 °C used by the guest. At the same time, the fan speed is adjusted to low. 
The “cold air” coming out from the diffuser at the headboard is able to lower the 
air temperature above the bed, in particular around the head of the guest, by 2–3 °C, 
and at the same time pushes the “hot room air” upwards. Once the illumination level 
is above 5 lx or time is after 7 am in the morning or the guest manually adjusts the 
thermostat, room temperature setting will be restored to the value before the opera-
tion of this mode but the iFCUTM is still running under a low speed.

The cool air from the headboard is not produced by using chilled water because, 
firstly the installation cost is huge and secondly, it is difficult to make sure there 

Fig. 7.10  Principle of operation of the Peltier headboard
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is no condensation above the head of the guest. The design therefore involves the 
use of electronic cooling, and this is a thermoelectric effect, which is the direct 
conversion of temperature differences to electric voltage and vice versa. Here, the 
Peltier effect is utilised, which is the presence of heating or cooling at an electrified 
junction of two different conductors discovered by a French physicist Jean Charles 
Athanase Peltier (Pollock 1985) in 1834. When a direct current flows through a 
Peltier module, one side becomes cool and the other side warm; this is effectively 
similar to the evaporator and the condenser of a typical air conditioner. Heat drawn 
on the cool side, added to the electric power consumed, has to be dissipated on the 
warm side. It is this effect that is adopted within the headboard. However, both the 
cooling capacity and COP of a Peltier module are not high and therefore the ef-
fect is limited to only small applications, and this is ideal for the case used for the 
headboard for a single hotel guest. The temperature reduction is also limited to ap-
proximately 3 °C, but it is significant in terms of the comfort of the occupant. Room 
air is used to carry heat away from the warm side of the module. In this way, the 
temperature setting of the whole guest room is elevated throughout the night, saving 
substantial energy consumed by both chillers and chilled water pumps though some 
energy has to be consumed to energise the Peltier modules and the small fans blow-
ing air out of the diffusers on the headboard. The whole energy exchange is still a 
net saving on traditional air conditioning.

7.1.5  Achieving LEED/BEAM Plus/AIIB IBI/Green Mark

At the beginning of this chapter, it was mentioned that the Hotel has received sev-
eral awards, including LEED Platinum, HK BEAM-Plus Platinum, Distinction In-
telligent Hotel of AIIB and the Singapore BGA Green Mark Platinum.

Leadership in Energy and Environmental Design (LEED) is a verification rat-
ing system developed by US Green Building Council (USGBC) in the mid-1990s, 
focusing on environmental performance designed for new and existing buildings. 
The idea of the creation of LEED was due to an intention to produce a US version 
of the UK’s Building Research Establishment Environmental Assessment Method 
(BREEAM) as well as Canada’s Building Environmental Performance Assessment 
Criteria (BEPAC). LEED version 1.0 was released in August 1998 and then version 
2.0 by 2000. By 2007, version 3.0 was released with the ongoing modifications.

The Hotel achieved LEED version 3.0 2009 in the category of “New Construc-
tion”, while “Major Renovation” was considered for another category. The updated 
version of LEED Rating System consists of the following categories as shown in 
Table 7.2.

Within each category, there are prerequisites that must be satisfied and credit 
points that can be given to a project. There are four levels of certification, namely 
“certified” (40–49 points), “silver” (50–59 points), “gold” (60–79 points) and “plat-
inum” (80 + points).
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Table 7.3 shows the achievement of the Hotel. All credit points related to “Op-
timize Energy Performance” were awarded indicating that the improvement in en-
ergy saving was more than 48 %, a world record for a high-rise hotel at the time of 
assessment. As you can see from the table, the project achieved 28 credits out of 35 
in the area of energy and atmosphere. As a matter of fact, the project achieved maxi-
mum points in the consideration of energy saving. For the submission to LEED, the 
annual energy consumption of the project was presented versus a baseline annual 
energy consumption. Table 7.4 provides a summary of the energy data for reference 
(Wong and Mo 2011; Leung et al. 2012).

Building Environmental Assessment Method (BEAM) was developed by the 
BEAM Society in Hong Kong by 1996. Version 1/96 was published for new office 
designs and version 2/96 was published for the existing office premises. By 1999, 
version 3/99 was published for new residential buildings. By 2004, version 4/04 was 
published as a revised standard for new buildings while version 5/04 was published 
as a revised standard for the existing buildings. By 2009, BEAM Society worked 
with other organisations in Hong Kong to establish Hong Kong Green Building 
Council (HKGBC) and BEAM Plus for new and existing buildings, Version 1.1 
was launched in 2010 with an enhanced version, and version 1.2 was published for 
green buildings in 2012. By 2013, a new standard called BEAM Plus Interiors was 
launched for occupied spaces within buildings.

The Hotel also achieved BEAM Plus New Buildings version 1.2, which shares a 
similar structure to LEED. The required and credit points are assessed in six catego-
ries or aspects, namely site aspects (SA), materials aspects (MA), energy use (EU), 
water use (WU), indoor environmental quality (IEQ) and innovations and additions 
(IA). The award classifications of BEAM Plus 2013 are listed as Table 7.5. It can 

Table 7.2  LEED rating system 2009
Green building design and construction New construction and major renovation

Core and shell development
Schools
Retail
Data centres
Warehouses and distribution centres
Hospitality
Health care

Green interior design and construction Commercial interiors
Retail
Hospitality

Green building operations and 
maintenance

Existing buildings
Schools
Retail
Hospitality
Data centres
Warehouses and distribution centres

Green neighbourhood development Plan
Built project

Green home design and construction Homes and multi-family low-rise
Multi-family mid-rise
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be seen that some minimum requirements with respect to SA, EU, IEQ and IA are 
stipulated for awards.

The overall percentage is based on a weighted sum of the five categories, 25 % 
for SA, 8 % for MA, 35 % for EU, 12 % for WU and 20 % for IEQ. The percentage 
of every category depends on the number of credit points achieved out of the total. 
Table 7.6 shows the achievement of the Hotel in terms of BEAM Plus.

The Asian Institute of Intelligent Buildings (AIIB) was established in 2000 in 
Hong Kong as Asia’s first learnt association promoting the research, promotion, 
construction and maintenance of intelligent buildings. AIIB defines intelligent 
buildings as “An Intelligent Building is designed and constructed based on an ap-
propriate selection of QUALITY ENVIRONMENT MODULES (QEMs) to meet the 
user’s requirements by mapping with the appropriate building facilities, termed Ele-
ments in the IBI Manual, to achieve a long-term building value”.

Here, IBI refers to “Intelligent Building Index” which is a real number between 
“0” and “100”, but not “0”, indicating how intelligent a building is based on the IBI 
Manual. There are altogether ten QEMs, namely green, space, comfort,  working 

Table 7.3  LEED new construction scorecard of the Hotel—platinum
Category Achieved 

scores
Max points Percentage achieved (%)

Sustainable site 23 26 88.5
Water efficiency 13 14 92.9
Energy and atmosphere 28 35 80.0
Material and resources 1 14 7.1
Indoor environment quality 13 15 86.7
Innovation and design process 4 6 66.7
Overall score 82 110 74.5

Table 7.4  Energy summary for LEED submission of the Hotel
System Baseline annual energy 

consumption (kWh)
SoHo annual energy 
consumption (kWh)

Mechanical ventilating and air 
conditioning

1,286,042 619,193

Lighting 302,038 224,598
Receptacle 392,477 392,477
Hot water 889,631 221,951
Total 2,870,188 1,458,219
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Table 7.5  Award classifications of BEAM Plus 2013
Class Overall (%) SA (%) EU (%) IEQ (%) IA Remark
Platinum 75 70 70 70 3 credits Excellent
Gold 65 60 60 60 2 credits Very good
Silver 55 50 50 50 1 credit Good
Bronze 40 40 40 40 Above 

average
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 efficiency, culture, e-services and technology, safety and structure, management 
practice and security, cost effectiveness, and health and sanitation. Each QEM con-
sists of a number of elements with formulae aiding the auditor to give scores, which 
are also real numbers between “0” and “100” but not “0”. A combination of scores 
of all elements within a QEM gives the sub-index of that QEM and a combination of 
scores of all ten sub-indices gives the overall IBI. Besides the formula, each element 
is given a weight, a real number between “1” and “9”. The most distinctive feature 
of IBI versus other assessment schemes is the way of combining scores together. 
Instead of using the linear addition of credit points, with or without weighting fac-
tors, the Cobb–Douglas function is employed, as shown by the following equation, 
where X is the combined score and xi is the score of individual element with a 
weight wi, for i = 1 to N.

It can be seen that it is similar to the geometric mean, where multiplication instead 
of addition is manipulated. There are advantages with this method: (i) the approach 
is closer to human thinking and judgment as this method has been widely used by 
the economists, (ii) a clear distinction between failure with and non-applicability 
of an element could be ensured, (iii) extremely poor performance of one element 
could significantly pull down the overall IBI. By the conventional linear addition 
approach of most assessment tools around the world, no credit is given irrespec-
tive of failure of non-applicability. In IBI, a failure by an element is penalised by a 
low score while a weight = “0” is given to an element which is not applicable. It is 
known that any real number to the power zero returns the value of “1” and multiply-
ing “1” to anything does not change anything. A “distinction IB” is awarded if the 
final normalised IBI is 90 or above, “credit IB” if between 70 and 89.9, “fair” if be-
tween 60 and 69.9, “to be improved” if between 1 and 59.9. The Hotel was awarded 
an Intelligent Hotel (Distinction) in the year 2012.

The BCA Green Mark of Singapore, developed and administered by the Building 
and Construction Authority, is a green building rating system to evaluate a building 
based on its environmental impact and performance, details are referred to at (www.
bca.gov.sg/greenmark/green_mark_buildings.html). It is endorsed and supported 
by the Singaporean National Environment Agency, providing a comprehensive 
framework for assessing the overall environmental performance of new and exist-
ing buildings to promote sustainable design, construction and operations practices 
in buildings to promote energy savings, water savings, healthier indoor environ-
ments as well as the adoption of more extensive greenery. For existing buildings, 
the building owners and operators shall meet their sustainable operations goals 
and to reduce adverse impacts of their buildings on the environment and occupant 
health over the entire building life cycle. The rating system is similar to LEED in 
structure, wherein the assessment criteria covers five key areas, namely energy ef-
ficiency, water efficiency, environmental protection, indoor environmental quality 
and other green features and innovation. A “platinum” is awarded if the total green 
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Table 7.8  Top 3 categories of percentage achieved
LEED BEAM plus Green mark
Water efficiency 92.9 % Energy use 83.8 % IEQ 100.0 %
Sustainable site 88.5 % IEQ 78.0 % Energy efficiency 88.2 %
IEQ 86.7 % Water use 75.0 % Water efficiency 70.9 %

mark score is 90 and above, a “gold plus” if between 85 and 90, a “gold” if between 
75 and 85, and a “certified” if between 50 and 75. Table 7.7 shows the achievement 
of the Hotel in terms of BCA Green Mark.

7.1.6  Summary—What Went Right and Lessons Learned

The Hotel was awarded Triple Platinum certification, which was a unique achieve-
ment at the time of its opening.

Table 7.8 (Mak et al. 2014) shows the top three categories achieved by the proj-
ect, indicating that the strengths are mainly with indoor environmental quality, en-
ergy and water use. Obviously, energy, air and water are the three most important 
criteria relating to both the environment and human needs. A sustainable supply of 
clean water, fresh air and energy can guarantee our future sustainability. Buildings 
have less effect on the outdoor air quality and therefore indoor air quality becomes 
the critical concern.

Innovations within the project should be the key and signature to success. Usu-
ally, developers tend to ensure their construction projects comply with local statu-
tory regulations and be executed at a minimum cost.

For this project, the developer, from the inception of the project, has determined 
to construct a green and sustainable hotel and therefore a slightly higher construc-
tion cost was expected and prepared. As part of the project, there was an objective 
to develop and implement a range of research and development sub-projects, which 
would go beyond the practical limits suggested by standard design approaches, 
building code and trade practices.

As a result of the innovation in reducing the cooling load and adopting energy-
efficient cooling plant, some startling outcomes are evident. The use of two 190-ton 
chillers to cool the building was originally considered inadequate for a high-rise 

Table 7.7  BCA green mark scorecard of the hotel—platinum
Category Achieved scores Max points Percentage 

achieved (%)
Energy efficiency 63.5 72 88.2
Water efficiency 9.93 14 70.9
Environmental protection 17.00 27 63.0
Indoor environmental quality 4.00 4 100.0
Other green features 1.50 7 21.4
Overall score 95.93 124 77.4
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hotel of 33 storeys subject to the sub-tropical climate of Hong Kong. However, the 
Hotel has been operating for almost one and a half years, where the adequacy of this 
provision has been validated. Very often, even in summer, it is possible to run only 
one chiller, when the Hotel is over 75 % full. This is due to the provision of so many 
novel energy-saving measures adopted in the Hotel, such as the optimal chiller plant 
control, the iFCUTM-based FCUs, in-room fresh air control, Low-E glass, automatic 
blind operation, energy-saving lifts and the heat pumps/exchangers to lower the 
temperature of return chilled water. Most of these solutions were not readily avail-
able in the market at the initiation of the project; but the research and development 
conducted by the project team, which was strongly supported and driven by the 
developer, realised the goal of a low energy building. This is the primary reason 
why in all three green building assessment certifications, i.e. LEED, BEAM Plus 
and Green Mark, innovations and additions are emphasised.

The benchmarking parameter to measure the overall energy efficiency of a build-
ing is called energy use intensity (EUI) measured in (kWh or MJ)/m2/annum in SI 
unit or kBtu/ft2/annum in Imperial units.

For a typical hotel in Hong Kong during the design stage of this Hotel in 2007, 
the EUI was around 437.5 kWh (1575 MJ)/m2/annum while that in the USA was 
around 401 kWh (1443.6 MJ)/m2/annum.

The EUI of this Hotel, at the design stage, was estimated to be around 181 kWh 
(651.6 MJ)/m2/annum, i.e. a saving close to 60 %, based on an occupancy rate of 
80 %. Now, it is confirmed that the current EUI of the Hotel is 209 kWh (752.4 MJ)/
m2/annum based on a continuous occupancy rate of over 95 % throughout the previ-
ous year, thus validating the design objectives.

This Hotel project is however not an end goal, but just the beginning of a more 
challenging mission. The concept of “Zero Net Energy Building” (ZNEB) or even a 
net positive building (i.e. a building that contributes energy to the grid) is becoming 
more popular and more essential to the future energy equation.

The US Congress passed EISA 2007 where the objective is the realisation of 
100 % newly constructed commercial buildings be ZNE by the year 2030 and all 
commercial buildings, including those existing, be ZNE by the year 2050. It is cur-
rently impractical to supplement the whole EUI of over 400 kWh/m2/annum for 
high-rise buildings merely by renewable energy sources. So, the first step is to sig-
nificantly lower the EUI, say by two thirds (So et al 2014), while the remaining 
consumption is supported by renewable energy sources, either on-site or off-site.

7.2  Conclusion

This project offers a view of the demands of building structures in tropical and sub-
tropical environments. The need for thermal comfort is a key driver, particularly in 
the hotel sector. Therefore, for all buildings, the design imperative is to limit solar 
heat gain, ambient and occupancy thermal gains and therefore limit the overall cool-
ing load of the building.

7 Building Low Carbon High Rise Buildings in a Sub-Tropical Climate 
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In a densely populated city, such as Hong Kong, difficulty of this task is in-
creased with the need to build vertically, with added impact of other buildings (the 
heat island effect) as well as the housing of electrical plant for lifts.

In respect of energy conservation and carbon reduction, this task becomes par-
ticularly onerous. However, the carbon reduction objective in Hong Kong is now 
clearly central to its new buildings programme.

The sustainability agenda does not only focus upon the energy demand of the build-
ing. It also relates to water conservation, the introduction of green infrastructure but 
the adoption of responsibly sourced timber, green walls, roofing and other landscaping 
where possible. It is also important to note the careful selection of building materials 
that do not introduce volatile organic compounds (VOCs) into the environment. Fur-
thermore, the efficient use of materials so as to minimise site waste and negate landfill 
provides the challenge for the design team and the building contractor.

Such objectives are not achieved simply by the imposition of building code or 
by the adoption of design methodologies. Project leadership by the client and devel-
oper is critical in wishing to progress these changes. The building team also needs 
to adopt new approaches to project management from inception so as to achieve 
these aims.

In this project, we have reported the adoption of a distinct objective by the devel-
oper to maximise the sustainable credentials of the building. This is emphasised by 
the adoption of building information modelling from the onset, integrating design, 
electrical and mechanical and structural engineering in the 3-dimensional represen-
tation of the building. The management process was enhanced by 4D BIM (time 
management) and clash detection so as to simulate the building process, eliminate 
errors and avoid wasteful site activities before committing to the on-site activity, 
this in itself being a huge aid in limiting waste and limiting costly design changes on 
site. We also note the adoption of modular off-site production of standard compo-
nents as a means of limiting on-site practices and opportunities for further materials 
wastage. Where on-site construction was necessary such as the construction of the 
lift shafts, the adoption of extruded concrete technologies allowed for energy sav-
ings in the construction process.

The building structure focused upon maximising orientation to limit solar gain 
and using the fabric to limit thermal gains. Particular attention was paid to window 
design to further aid this objective. The installation of a green roof and green wall-
ing also aided the overall building performance, whilst enhancing the local ecology 
of the surrounding area.

This project is distinctively characterised by its detailed and innovation approach 
to the building services installation to the building, seeking to reduce energy us-
age and improve the efficiency of operation. This included such innovations as the 
chiller efficiency and their controls, the adoption of solar thermal panels to preheat 
hot water, heat exchangers used to remove heat from the chilled water circuit to 
further reduce the energy required for hot water supply.

With respect to vertical transportation, the lift operation also provided scope 
for energy conservation, using a regenerative braking device and using a smart ap-
proach to lift movements and learning from occupant usage.

C. T. C. Wong et al.
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In the hotel rooms, low-flow technology was used to reduce the demand on pota-
ble water and sea water was used for wc flushing. The use of automated roller blinds 
allowed for additional reductions in solar heat gain in rooms when the occupant left 
the room. Similar savings were made by adjusting the room temperature, when the 
guest rooms were unoccupied.

The lighting design in the building was such that opportunities to reduce the 
energy demand were made with respect to luminaire selection and the control of 
corridor lighting levels according to occupancy. This technology was also used to 
control air conditioning in corridors.

A novel approach to guest room air conditioning was also observed by the intro-
duction of a localised chiller over the bed.

The lesson shown is that a multi-storey building can achieve an excellent envi-
ronmental building standard. By learning from this example, strategies to achieve a 
zero-carbon building can be explored, but focusing further upon controls technol-
ogy, developing the performance of the building fabric and utilising more passive 
technologies in respect of environmental control.
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Chapter 8
Achieving Sustainability in New Build and 
Retrofit: Building Performance and Life Cycle 
Analysis

Christopher Gorse, Felix Thomas, David Glew and Dominic Miles Shenton

8.1  What is a Sustainable Building?

The definition of a sustainable building is not a straightforward one. There are many 
criteria upon which the sustainability of a building can be judged, including but 
not limited to energy performance, financial viability and environmental and social 
impact (Berardi 2013). Any determination of the sustainability of a building will be 
dependent upon the criteria used to assess it. Much of the work undertaken by the 
Leeds Sustainability Institute on building sustainability focusses on energy perfor-
mance in buildings.

8.2  Attributes of Successful and Sustainable Buildings

What makes a building sustainable can be difficult to define, as there are a num-
ber of philosophies and approaches to sustainable construction, ranging from very 
simple low-impact buildings using natural materials isolated from the national grid, 
to complex high-technology, high-performance energy-plus buildings, feeding 
excess power, which is generated by renewable technologies such as photovoltaic 
panels, back into the national grid (Fig. 8.1).
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Despite the variations in the approach taken to sustainability, there are a number 
of attributes that many sustainable buildings have in common, and these can be used 
as indicators of sustainability. A successful and sustainable building will address a 
number of issues of sustainability, in the building design, construction and use.

The ‘triple-bottom line’ of sustainability consists of three categories: environ-
mental/ecological, social and economic (Slaper and Hall 2011); and the concept 
initially devised by John Elkington as a way of measuring the sustainability of busi-
nesses is also applicable to construction and encompasses a number of attributes 
that make for sustainable buildings (Table 8.1).

Fig. 8.1  Illustration of an energy-plus building that exports more power to the grid than it imports. 
(Thomas and Gorse 2015)
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Environmental Environmental sustainability of a building is perhaps the most 
immediately obvious aspect of sustainability and is arguably the primary goal of 
sustainable buildings.

Energy and Natural Resources Consumption of energy and natural resources in 
the form of fuel within buildings is a major factor in the overall sustainability of a 
building. A sustainable building will minimise the amount of energy required in its 
operation, through thermally efficient fabric to reduce heating demands, use passive 
heating, lighting and cooling where possible and make use of efficient services to 
reduce energy requirements.

Water Conservation Minimising water consumption, particularly freshwater, 
contributes to the sustainability of a building, reducing strain on freshwater supplies 
as well as the energy and resource consumption associated with moving and treating 
water. Freshwater consumption can be further offset through the use of rainwater 
harvesting and the storage and reuse of ‘grey water’ (water used for washing, etc.) 
for non-potable uses, such as washing or toilet flushing.

Material Use, Durability and Waste This category applies primarily to the con-
struction phase of a building, though it also applies to refurbishments and repairs. 
Materials should be used in a way that maximises the sustainability of a building, 
by reducing consumption of non-renewable resources and diverting waste away 
from landfill: where possible, the building using low-impact renewable materials, 
reused or recycled materials or materials that have high reuse or recycling potential. 
Materials should be selected and used for durability, to maximise the service life of 
the building and reduce the need for repair and replacement.

Land Use The site for a sustainable building should be chosen to minimise the 
impact upon the environment and ecosystems, avoiding development of previously 
undeveloped greenfield sites or productive land in preference to empty brown-
field sites that have had prior development. Where a building has an impact on 
the surrounding environment and ecosystems, measures should be taken to offset 
detrimental effects.

Table 8.1  Attributes of sustainable buildings with relation to the triple-bottom line. (Adapted 
from Alwaer and Clements-Croome 2010)
Environmental Social Economic
Energy and natural resources Usability and function Flexibility and adaptability
Water conservation Indoor environmental condi-

tions—health and wellbeing
Economic performance and 
affordability

Material use, durability and 
waste

Architectural—cultural and 
aesthetic

Building manageability

Land use Innovation and design Whole life function and value
Transport and accessibility
Greenhouse gases and 
pollution
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Transport and Accessibility Building design and location should be conducive to 
sustainable methods of transport, providing bicycle storage, being in close proxim-
ity to public transport routes and providing a charging point for electric vehicles. 
The building should be designed to allow easy access to people with a wide range 
of physical capability.

Greenhouse Gases and Pollution Greenhouse gas emissions and pollution output 
caused by a building should be minimised, in the selection of materials, transport 
and construction methods used and the day-to-day operation of a building.

Social Social sustainability concerns how a building interacts with its users and the 
affect it has on the wider society in which it is located. To be sustainable, the build-
ing must be accepted, appreciated and used. A building that is rejected or not used 
appropriately will not be sustainable.

Usability and Function A sustainable building and the systems within it should 
be simple for the occupier to use, and the functionality of the building systems 
should be understandable to the occupant, coupled with simple controls to allow the 
building to be operated to meet the user's needs.

Indoor Environmental Conditions—Health and Wellbeing Sustainable build-
ings should be able to meet and maintain internal environmental conditions that 
meet the occupant’s needs for comfort and their health. Maintaining a comfortable 
internal temperature and sufficient ventilation to control moisture build-up and an 
adequate supply of fresh air, these should be attained in an energy-efficient and 
sustainable way.

Architectural Considerations—Cultural and Aesthetic Though energy per-
formance and resource consumption are of some of high importance, sustainable 
buildings should also find a place visually. If a building is considered to be visually 
unappealing or out of place, potential occupants may be driven away. It is possible 
to make sustainable buildings that respect the architectural merits of their local con-
text with minimal impact to their design and overall sustainability. Some buildings 
are so environmentally appealing that they stimulate use and can evoke a culture of 
their own, encouraging wider sustainable practice.

Innovation and Design Innovation in design is at the core of many sustainable 
buildings, as reaching energy performance and CO2 emission targets is no easy 
task, requiring significant innovation in design, materials, construction methods and 
technology. Innovation within the design of sustainable buildings can lead to higher 
levels of performance and more easily achieved performance targets.

Economic In a society driven by the exchange of capital and the accretion of 
wealth, buildings need to be sustainable from an economic perspective. Financial 
incentives help to drive the demand for sustainable buildings.

Flexibility and Adaptability A sustainable building should be flexible. It should 
be able to adapt its behaviour and operation to meet changes both in use and in the 
demands of the building users. Over the years the use and occupant need change, 
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a test of sustainability is the capability of the building to meet the future needs and 
respond to new demands.

Economic Performance and Affordability Sustainable buildings can cost more to 
design and construct than comparable conventional buildings. The additional costs 
vary, in some cases costing less than a comparable building. The day-to-day cost of 
running a sustainable building should be lower than that of running a comparable 
conventional building, due to energy efficiency of the building fabric and services. 
Renewable electricity generation technology such as photovoltaic panels and wind 
turbines reduces electricity imported from the national grid and may export excess 
electricity to the grid, generating income for the building. The benefits of energy 
savings and potential income from renewables should offset any additional costs 
incurred from the design and construction of a sustainable building.

Building Manageability The day-to-day operation of a sustainable building should 
be easy to manage, incorporating smart technology and efficient systems that allow 
the cost of operation to be controlled whilst still meeting internal environmental 
requirements for user comfort. A number of building management systems have 
failed to achieve significant benefit simply because the users find the systems too 
difficult to operate. More intelligent systems are being developed, but the key to 
effective operation of the building and services is simplicity. At all times, the build-
ing must be designed to be operated easily and meet the user requirements.

Whole Life Value A sustainable building should be able to retain its value for 
future sale, the use of durable materials will help to ensure that the fabric of a 
building does not degrade and reduce its value, and designing for ease of repairs 
and access to services will help reduce the cost of repair work during a building’s 
service life. A building should also offer savings due to reduced energy and fuel 
consumption during its service lifetime.

The attributes outlined above are not an absolute set of requirements that sustain-
able buildings must fulfil, and what makes a building sustainable will vary from one 
project to another, depending on many factors such as the purpose of the building, 
where it located in the world and the environment in which it is located. Sustain-
ability rating systems such as BREEAM and LEED vary the weightings of their 
scoring systems to suit the type of building, and a sports centre will have different 
sustainability priorities compared to an office or residential building.

In order to succeed as a sustainable building, it is important for the sustain-
ability goals and targets to be determined at an early stage in the development of 
a project, so that a practical and achievable sustainability strategy can be adhered 
to throughout all of its stages, from design to construction. This increases the 
buildings’ chances of delivering on the targets set out for it. Although it is nor-
mally considered effective for buildings to have a long operational life, they 
should also be designed for deconstruction, disassembly, demolition and reuse 
of the materials and components. The cradle to grave concept ensures that the 
components of the building are considered so that they can be reused at the end 
of the buildings life.
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8.3  Sustainability in Buildings: Energy Performance

Much of the work undertaken by the Leeds Sustainability Institute is based on en-
ergy sustainability in buildings, thermal performance of building fabrics, air perme-
ability and hygrothermal behaviour.

Building Fabric The energy performance of a building is in large part affected by 
its local climate and weather conditions. In the UK and other temperate regions, the 
heating of buildings accounts for a large portion of energy consumption, particu-
larly in domestic buildings, where 73 % of CO2 emissions result from space and 
water heating (UKGBC 2014). The thermal performance of a building’s fabric is a 
major factor in how much energy will be lost in the form of heat through elements 
such as the walls, floors and roofs.

Heat is lost via conduction through building elements and by the exchange of 
warm internal air with cool external air, requiring additional energy input to replace 
lost warmth and maintain internal comfort conditions. Common measures used to 
reduce heat loss from buildings include the use of insulation material to increase the 
resistance to thermal conduction of building elements and using airtight construc-
tion techniques to prevent the uncontrolled exchange of internal and external air. 
In turn, this leads to lower energy usage for space heating, helping to improve the 
energy sustainability of buildings.

Though highly insulating and making buildings airtight has its benefits in terms 
of energy use there are some potential drawbacks. If the insulation layer is not 
continuous it can lead to areas of thermal bypass, where thermal resistance is sig-
nificantly lower, resulting in increased heat loss compared to the surrounding fab-
ric, and these cold spots can lead to the formation of condensation and eventually 
mould, especially in well-sealed but poorly ventilated buildings. Poor ventilation is 
a problem in buildings which have been sealed to reduce uncontrolled ventilation; 
insufficient rates of ventilation can cause excessive levels of humidity or stale air.

Figure 8.2 shows a basic illustration of the nearly zero carbon emissions concept 
or Passivhaus construction. By increasing the thermal insulation, to form a continu-
ous thermal envelope, avoiding thermal bridges, whilst maintaining a continuous air 
barrier layer in contact with the insulation, throughout the fabric and junctions an 
airtight thermally isolated envelope is provided. If orientated correctly for optimum 
solar gain, avoiding overheating, the building maintains a habitable environment 
with minimal or zero energy.

Services The services within a building are another area in which energy consump-
tion can be reduced, leading to more sustainable operation. The most basic energy 
reductions can be made by fitting efficient services such as boilers or LED light-
ing. Renewable and low-energy technology also offer possible methods to reduce 
energy imported from the national grid or gas supply.

Low-energy services such as mechanical ventilation with heat recovery (MVHR) 
and air/ground/water source heat pumps allow heat to be recovered/extracted and in-
troduced to the internal environment of a building. Where these systems are operating 
optimally, a greater amount of heat energy is recovered than the energy expended to 
operate the system; however, systems used in non-optimal conditions can experience 
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efficiency losses. Renewable systems aim to provide energy or heating through the 
exploitation of renewable sources of energy, such as solar radiation or wind. The en-
ergy provided by renewable systems fluctuates due to seasonal variations and day-to-
day weather, making such systems less than 100 % reliable. Nonetheless, the potential 
of free or low-cost energy still presents an appeal (Figs. 8.3 and 8.4).

Fig. 8.2  Illustration of the principals of a nearly zero and Passivhaus (Thomas and Gorse 2015

 

Fig. 8.3  Illustration of solar photovoltaic (PV) and solar thermal panels (Thomas and Gorse 2015)
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8.4  Embodied Impacts/Energy

The energy consumed in the operation of buildings is the most obvious factor 
affecting the energy sustainability of a building, though by no means the only one. 
The sustainability of the fabric that makes up the building itself is an important fac-
tor to consider. A significant amount of energy and resource consumption can be 
attributed to a building’s fabric, known as embodied impacts.

Embodied impacts originate from a number of sources and can represent 
consumption of non-renewable resources, energy and associated CO2 emissions at 
various stages.

Material Manufacture Energy and fuel is expended in the extraction of raw mate-
rials, and in the manufacturing processes undertaken to produce usable products 
from the extracted raw materials. CO2 emissions may result as a by-product of 
processing and the generation of consumed energy. Extraction, processing and man-
ufacture of materials and components account for up to 80 % of energy expended in 
construction of buildings.

Construction Energy and fuel is consumed during the process of constructing a 
building; transporting materials, machinery and personnel to site; powering equip-
ment and machinery during construction activities; and providing facilities for the 
on-site personnel.

Maintenance As the fabric degrades over a building’s service life, more energy 
and materials will be expended carrying out repair work.

Demolition Further energy will eventually be consumed when a building reaches 
the end of its serviceable life or is no longer required. Energy and fuel will be 

Fig. 8.4  Illustration of the operation of an MVHR unit (Thomas and Gorse 2015)
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consumed operating machinery required to carry out demolition activities. There is 
the potential to recover materials and components intact for reuse, or recycle those 
that cannot be reused directly (Berge 2000).

The embodied impacts associated with a building can be reduced in a number 
of ways, some of which include using durable and long-lasting materials. This will 
reduce the need for repairs and maintenance activities, prolonging the building’s 
serviceable lifetime (Akadiri 2011). Using low-energy or alternative methods of 
construction such as straw bale or rammed earth can reduce the amount of energy or 
non-renewable resources consumed for the building fabric (Halliday 2008).

Reuse of materials and the use of high recycled content materials in construction 
can also reduce embodied impacts of materials when compared to new and non-
recycled materials. However, careful consideration should be given to these 
decisions, as recovery of materials for reuse and remanufacturing with recycled 
materials may offer little or no reduction in embodied energy (Denson and Halligan 
2010).

8.5  Delivering Sustainable Buildings

Despite initial design intentions to build low-energy, thermally efficient buildings, 
this aspiration is not always realised at completion. Actual energy performance 
often falls short of the performance predicted at the design stage. This shortfall 
between as-designed and as-built energy performance is often referred to as ‘the 
performance gap’. The vast majority of buildings do not have their energy perfor-
mance put to the test post-construction, and without confirmation of their energy 
performance, there may be many buildings that do not reach their performance 
targets without their occupants ever realising.

The performance gap can potentially be addressed, in order to deliver build-
ings that live up to as-designed performance targets. Very large variations have 
been discovered when testing finished buildings, and in tests performed by Leeds 
Beckett University at the Leeds Sustainability Institute, shortfalls from 6 to 140 % 
have been found with a median shortfall of 34.5 % (Johnston et al. 2014). It should 
be noted that in buildings designed to be energy efficient, the percentages can make 
the shortfall look much more severe than the absolute figure.

Design During the design process, care should be taken to ensure that elements that 
affect the energy performance of a building will be effective, ensuring continuity of 
insulation layers and eliminating or reducing sources of thermal bridging, particu-
larly at junctions and around openings to reduce the loss of heat through the fabric. 
Ensuring the integrity of the air barrier throughout the building is maintained, 
especially where openings and penetrations through the fabric occur. Carrying out 
accurate modelling of energy performance at design stages will help to indicate 
whether target energy performance is possible to achieve.

Communication Low-energy buildings are often constructed using unusual mate-
rials, products and techniques. This can lead to problems during construction as 
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site operatives may be unfamiliar with their use. Producing clear, well-annotated 
detailed drawings, plans and briefing materials can help to clarify the make-up of 
complicated elements and avoid confusion on site, potentially avoiding mistakes.

Quality Control Faults and mistakes in the construction of a low-energy building 
can be detrimental in its ability to achieve performance targets upon completion. 
Strict quality control during the construction process can help discover flaws and 
mistakes, whilst it is still practical to remedy them. Carrying out interim tests at 
stages of completion can help identify whether the building is on track to perform as 
intended, thus allowing any remedial actions required to be carried out and ensure 
its performance targets are met (Miles-Shenton and Wingfield et al. 2010).

8.6  Construction

8.6.1  Modern Methods of Construction

Modern construction techniques often make greater use of insulation materials 
compared to more traditional construction methods. Even modern variants of tradi-
tional masonry construction, such as brick and block cavity walls, can be adapted 
and modernised to use large amounts of insulation. The increasing emphasis placed 
on thermal efficiency of buildings is making such high levels of insulation more 
commonplace.

With different combinations of cavity wall construction, it is relatively easy to 
achieve low U-values, and the combination of lightweight blocks, insulants with 
low thermal conductivity and airtight construction can achieve U-values of less 
than 0.2 W/m2K.

For example, lightweight blocks are now available with thermal conductivi-
ties of 0.11 W/m · K (R value for 100 mm and 140 mm = 0.1/0.11 = 0.909 m2K/W 
and 0.14/0.11 = 1.273 m2K/W), used in combination with PIR 0.022 W/m · K (R 
value for 100 mm = 0.1/0.022 = 4.55 m2K/W), a regular brick thermal conductivity 
0.6 W/m · K (R value 102.5 mm = 0.102/0.6 = 0.17 m2K/W), internal surface resis-
tance 0.12 m2K/W and external surface resistance 0.06 m2K/W can achieve signifi-
cantly low U-values of 0.16 W/m2K (the U-value for a wall built up with 140-mm 
lightweight block and 100 mm PIR). Such walls, with high thermal resistance, are 
now becoming commonplace.

Advanced, high-performance materials such as aerogels or vacuum-insulated 
panels offer much lower thermal conductivities compared to more common ma-
terials such as mineral wool or PIR foam boards. Silica aerogel has an extremely 
low thermal conductivity of 0.03 W/m · K. Aerogels and other high-performance 
insulation can achieve the same result using far less insulation than more common 
materials, making them very useful for situations where space is limited. With the 
exception of a few situations, such insulants are very costly compared to more con-
ventional materials and currently not commonly used across the industry. The price 
of these advanced thermal insulants is likely to reduce as their use increases. We are 
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likely to see thinner materials with higher levels of thermal performance, becoming 
much more common in the future.

8.6.2  Masonry Cavity Walls Built to Passivhaus Standards

Most zero carbon or Passivhaus buildings are engineered or timber frame, few prop-
erties are built to Passivhaus standards using masonry walls, though this does not 
need to be the case. The Denby Dale passive house is a masonry building that did 
adopt Passivhaus principles (Green Building Store 2013). In this instance the outer 
skin of blockwork was constructed of stone, with the inner leaf blockwork, 300 mm 
of low conductivity Dri-therm ridged slabs of water repellent glasswool were used 
(0.037 W/m · K). The skins of the cavity were tied using extra-long wall ties with a 
low thermal conductivity (0.7 W/m · K). The very low thermal conductivity wall ties 
avoid cold bridging and risk of spot condensation. The ties prevent thermal bridges 
and cold spots that would have been experienced with steel ties. The Teplo Basalt 
fibre wall ties are 200–425 mm in length and can suit cavities up to 300 mm width. 
Each wall tie has thermal conductivity 0.7 W/mK and 7 mm diameter, with a sand 
rough textured finish to provide a mortar key. The tie penetrates across the three 100-
mm boards of insulation to provide the structural tie between the two masonry walls.

8.6.3  Exterior Wall: 0.113 W/m2K

The depth of some cavity walls built to Passivhaus construction in this way has a 
built-up assembly of over 500 mm thickness of different materials. They combine to 
make a highly insulated cavity wall. The construction has a low air permeability and 
high thermal resistance. Although still referred to as cavity walls, the voids are now 
completely filled with insulation using 300 mm of mineral wool and lightweight 
blocks with plaster used to seal and create an airtight fabric. Highly insulated fully 
filled cavity walls can be constructed to achieve U-values of 0.1 W/m2K, meeting 
nearly zero fabric standards (Fig. 8.5).

Dri-therm ridged slabs 100mm bats 
with staggered joints (0.037 
W/m.K)

Wet plaster improves airtightness

Overall U – value = 0.113W/m2K

Outer face constructed 
of Brick / stone or 
reconstituted stone

Low conductivity wall 
ties 

425mm 7mm diaTeplo 
Basalt ties (0.7W/m.k)

Fig. 8.5  Cavity wall built to Passivhaus standards. (Adapted from Green Building Store 2013).
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8.7  Case Study: Temple Avenue-Prototype New Build 
Dwellings

The Temple Avenue project consisted of several prototype low-carbon dwellings 
by the Joseph Rowntree Housing Trust. Two of the dwellings were new build hous-
es using modern methods of construction, one using structurally insulated panels 
(SIPs) and the other constructed with thin joint masonry (Fig. 8.6).

Both houses aimed for high standards of fabric performance, in terms of heat 
loss through the building fabric and air tightness. Though the finished buildings de-
livered high levels of fabric performance, they still fell short of the levels predicted 
using design information.

As these buildings were prototypes, setbacks and mistakes were expected to arise 
as part of the learning process for all parties involved, and they serve to illustrate 
some of the problems that may be encountered in the construction of low-energy, 
sustainable buildings.

Some problems occurred within the design of the dwellings. A number of po-
tential areas of thermal bypass and paths of air infiltration were identified, though 

Fig. 8.6  One of the two prototype dwellings constructed at Temple Avenue. (Image by Leeds 
Beckett University)
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measures were taken to remedy these where possible. Services and M&E design in 
some cases disregarded air tightness and thermal performance, displacing insulation 
and adding penetrations to the air barrier.

Sequencing of the build process caused problems on site, due to unclear instruc-
tions or lack of planning. Poor sequencing leads to some processes being carried out 
incorrectly and preventing some from being carried out completely. A lack of clear 
specification and instruction in design documentation leads to some work being 
carried out unsuitably. This particularly affected the air barrier, where inappropriate 
tapes and sealants were used. There was also a lack of instruction for maintaining 
air barrier continuity around junctions, openings, etc.

For more information on this case study, see Miles-Shenton D. et al. (2010).

Retrofit The principles that apply to new build construction also apply to the ret-
rofit of old buildings, though retrofit brings its own set of challenges. Dealing with 
existing building fabric imposes constraints on the kind of works that can be carried 
out. Features of the existing fabric may prevent or hamper access for certain retrofit 
measures.

The compromises required to work around existing fabric and features may lead 
to reduced energy performance as less than ideal solutions may be adopted that lead 
to thermal bridges or paths for uncontrolled air infiltration.

Establishing the energy performance of an existing dwelling prior to a retrofit is 
a non-trivial task, requiring detailed surveys to be undertaken and exploratory tests 
to establish the nature and performance of the existing fabric (Miles-Shenton et al. 
2011). Inaccurate estimation of pre-retrofit energy performance can make the final 
energy performance of a retrofit appear more or less effective than it is in reality.

There are a number of retrofit measures that can be carried out on existing build-
ings, depending on the nature of their construction (Fig. 8.7).

Fig. 8.7  Illustration of cavity wall insulation. (Thomas and Gorse 2015)
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8.7.1  Cavity Wall Insulation

Where a cavity-walled building has a cavity that is suitable for filling, this method 
is relatively simple and quick to carry out. However, as it is difficult to see into the 
cavity without specialist equipment such as a borescope, it can be difficult to detect 
an inadequate fill.

8.7.2  External Wall Insulation

External wall insulation is used on hard-to-treat walls that lack cavities or have 
cavities unsuitable for blown insulation. Placing the insulation on the external walls 
can lead to thermal bridging where measures are not taken to seal the thermal en-
velope. Overhangs may need to be extended to accommodate EWI, and external 
fittings such as drainage pipes will need to be moved (Fig. 8.8).

8.7.3  Example of a Difficult-to-Treat Wall with External 
Insulation

Figure 8.9 gives an example of the construction of a hard-to-treat wall. Insulation 
cannot be introduced into the cavity, and it is not desirable to place it externally; the 
only option is to insulate on the internal face of the wall. Where walls are required 
to breath, it may be advisable to use a breathable insulation material such as mineral 
wool, sheep’s wool, hemp or cellulose. Also, a breathable membrane is advisable 
to reduce the level of moisture entering from the internal environment whilst still 
allowing water vapour to escape from the wall.

Fig. 8.8  Illustration of external wall insulation. (Thomas and Gorse 2015)
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8.7.4  Internal Wall Insulation

Internal wall insulation can achieve a thermal envelope with less breaks than other 
methods if carried out well; however, fitting IWI is very disruptive to the buildings oc-
cupants. Internal floor space is also reduced, and any wall-mounted fixtures must be 
removed before fitting. Intermediate floor voids require additional attention and fill-
ing at perimeters to avoid the creation of a thermal bridge (Figs. 8.10, 8.11, and 8.12).

Porous stone allows water to 
penetrate

Rubble fill prevents water passing 
through the cavity

During winter months the external 
skin may retain high levels of 
moisture

Breathable insulant allows any 
moisture built up to evapourate 
through the insulation

Breathable vapour barrier 
prevents moisture entering the 
fabric from the internal 
environment but allows any 
moisture trapped in the fabric to 
escape 

Insulated with breathable 100mm 
sheep’s wool or mineral wool U value 
= 0.35W/m2K

Fig. 8.9  Stone cavity wall, filled with rubble and insulated from the inside with cellulose or simi-
lar material (Thomas and Gorse 2013)

 

Fig. 8.10  Illustration of internal wall insulation (Thomas and Gorse 2015)
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Insulating the roof as well as the walls helps to create a continuous thermal en-
velope. The choice of loft or roof insulation will depend on the building undergoing 
retrofit, and particular attention should be given to ensure that insulation material is 
packed into the eaves, as failure to do so can lead to a thermal bridge.

Fig. 8.11  Illustration of roof insulation. (Thomas and Gorse 2015)

 

Fig. 8.12  Illustration of loft insulation. (Thomas and Gorse 2015)
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8.8  Case Study: Temple Avenue-Prototype Retrofit 
Dwelling

This dwelling was part of the Joseph Rowntree Temple Avenue project. This 1930's 
semi-detached masonry cavity wall house underwent an extensive low-energy ret-
rofit. The aim of this prototype was to investigate the potential performance im-
provements of retrofit on this typical UK house type (Fig. 8.13).

The retrofit achieved a measured level of fabric hat loss close to that achieved 
by the two new build prototypes in the project, though the as-build performance fell 
short of as-designed performance by a significant margin (37.6 % more heat loss 
than predicted). This is partly due to limited survey data collected due to building 
occupation, and this lack of detail limited the accuracy of the estimated building 
performance modelling.

The design of the retrofit suffered from some problems, a lack of design detail 
in some areas necessitated solutions being developed on site, and this included re-
positioning of external drainage, the application of insulation around the bay win-

Fig. 8.13  Image of Temple Avenue retrofit property, post-retrofit. (Image by Leeds Beckett 
University)
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dow and maintaining continuity of the air barrier around the windows. Insufficient 
specifications for tapes and sealants in the design documentation lead to the use of 
less suitable products on site.

The detailing of insulation around the ground floor left a thermal bridge around 
the ground floor exterior perimeter, which could have been reduced, had the exter-
nal wall insulation continued below floor level. The fitting of loft insulation fully 
into the eaves proved to be problematic to achieve in practice, causing a thermal 
bridge.

The retrofit was carried out to a good standard, with much consideration given 
to thermal performance and air tightness; however, some of the work carried out 
proved to be problematic, and the blown fibre cavity wall insulation failed to pro-
vide even coverage and had to be remedied with further filling. It is unlikely that 
this would have been discovered if this not for the research team investigations. 
Additionally, the fitting of the MVHR system in the roof void was disruptive to 
loft insulation, mineral wool simply moved and displaced by duct work, requiring 
the contractors to make it good as best they could. Installation of the MVHR be-
fore loft insulation and better planning of duct placement could have reduced these 
problems.

For more information on this case study, see Miles-Shenton et al. (2011).

8.9  Life Cycle Assessment and buildings

8.9.1  What is Life Cycle Assessment (LCA)?

Life cycle assessment (LCA) is a term used to describe any attempt to measure the 
environmental impacts, commonly the greenhouse gas (GHG) emissions, of a prod-
uct or a process. LCA is often used to articulate the impacts of construction projects, 
buildings and even building materials. The LCA methodology is defined by the ISO 
standard 14040-44 (ISO 2006). It has a relatively flexible framework made up of 
four essential steps, outlined in Fig. 8.14.

Life cycle costing (LCC) is a similar assessment method to LCA which considers 
only economic costs of products and processes, though it can include the moneti-
sation of non-financial impacts and inputs. It is usually used in the construction 
industry to articulate the concept of payback time for an energy-efficient product 
or renewable technology; it does not describe the wider impact of these, whereas 
LCA considers only their environmental impacts. LCC is explored in great detail by 
Boussabaine and Kirkham (2004). Another alternative tool is material or substance 
flow analysis (MFA or SFA) which is expertly outlined in a handbook of industrial 
ecology (R. U. Ayres and Ayres 2002). These consider the quantities and types of 
materials used in a process or product’s supply chain but stop short of converting 
these into environmental impacts, and LCA makes this final step.
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8.9.2  Step 1: Scope and Goal

The information an LCA provides should always be interpreted in the context of its 
scope and goal which sets out what will be looked at, what has been ignored and 
why. Often a schematic diagram or flow chart of the system boundary is used for 
clarity. This is important as it describes to the reader whether, for example, the LCA 
of a building includes only the inputs on the construction site (gate to gate), or if it 
includes the raw materials and processes required to make the components (cradle 
to gate), if it includes all the running costs until the building is demolished (cradle to 
grave) or finally if it also considers the reuse of the waste materials into new prod-
ucts (cradle to cradle). System boundaries can thus be simple or complex depending 
on the LCA goal, so long as all assumptions are explicitly identified.

For buildings, the dichotomy between embodied energy and energy use is note-
worthy. Low-energy buildings are generally considered those which require little 
energy to support habitation (heat and power) and do not necessarily need account 
for the impact associated with the materials or processes consumed in its construc-
tion. This distinction is made in current UK legislation on energy-efficient build-
ings via the energy performance certificates (EPCs) and through the UK building 
regulations, neither of which require any consideration of embodied energy, only 
addressing energy consumption. LCA may be seen to be more comprehensive since 
it is concerned with impacts embodied in materials and processes as well as those 
associated with the use and disposal stages.

The final part of the scope is to set a functional unit against which all the data 
are reported. These may be simple, and more usefully, they are descriptive and 
incorporate specific conditions of time and space. Regarding time or duration, if 
building ‘A’ is reused beyond its expected or normal life, then this could be factored 

Fig. 8.14  LCA steps (ISO 
14040 1997)
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into a functional unit; for example, if building A is compared with a similar building 
‘B’ which was demolished when it reached its recommended life, simply put, more 
durable buildings may appear to have lower impacts ceteris paribus, and this may 
be seen to justifiably or unfairly skew the intended LCA interpretation, depending 
on the scope and goal. Similarly, space or location should be factored into a suc-
cinct functional unit; a remote building will have more transport emissions to one 
located near raw materials ceteris paribus, yet this might also bias the LCA if this 
was not the intended subject to be investigated, for example if the assessment was 
only being done for the purposes of comparing two different building techniques. 
The functional unit is also an opportunity to identify the environmental variables of 
interest; for example, is use of water, GHG emissions or any other specific pollut-
ants or impacts the main focus of the LCA?

It may in some instances be necessary to also include a component of utility or 
quality. For example, can one compare the carbon emissions of a high-achieving 
school which has lots of extracurricular activities, has a gymnasium, swimming 
pool, or breakfast club and is open most weekends, with that of a school that pro-
vides few additional facilities and which may be closed on weekends? Expanding 
on the granulation of what exactly is being assessed can reduce the chance of results 
being misinterpreted, but it is not always an easy task.

Thus, ‘KgCO2eq per 1 m2 of rural primary school classroom teaching space 
in the north of England over a 50-year life’ may be a more informative functional 
unit than ‘the environmental impact of a school’ which leaves many unknowns and 
which could limit the ability to interpret the findings without a great deal of further 
investigation.

8.9.3  Step 2: Life Cycle Inventory (LCI)

Data on all inputs (e.g. kg concrete, kWh electricity, m3 of water consumed) and 
outputs (e.g. kg waste or kWh electricity produced) that fall within the system 
boundary are recorded in the LCI and normalised against the functional unit, that is 
converted to the ‘per m2’ or ‘per building’ being investigated. Primary data should 
be collected where practical; however, the use of some secondary data may be nec-
essary. The LCI is a relatively straightforward task though it can be very time-
consuming especially where primary data collection is undertaken.

8.9.4  Step 3: Life Cycle Impact Assessment (LCIA)

The LCI data are translated into environmental impacts in the LCIA using conver-
sion factors generally sourced from other LCA databases such as Ecoinvent (www.
ecoinvent.ch), which are licensed to practitioners or may be linked to LCA software 

www.ecoinvent.ch
www.ecoinvent.ch
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such as openLCA1, SimaPro2 or GaBi3. Alternatively, freely available sources such 
as government reports and other published LCA may be used though these can be 
more time-consuming to collate, and in using multiple sources, one can introduce a 
greater number of assumptions regarding their data collection methodologies and 
therefore increase the degree of uncertainty in one’s own LCA; therefore, there can 
often be no other realistic alternative. The source of these conversion factors is high-
ly influential; thus, justifications should be made for using particular sources whilst 
excluding others. Alterations in the methodological choices and even the scope and 
goal may be necessary to accommodate the limitations of the LCIA data available.

8.9.5  Allocation

Within a construction project, there will be many inputs and impacts that are po-
tentially shared across several buildings or projects. For example, timber used in 
construction may come from a sawmill that also sent its waste to the paper industry; 
groundwork undertaken in providing access roads for a new leisure centre may 
incidentally benefit a number of other buildings on or near the site; or a delivery 
van that is supplying bricks to site ‘A’ may also take a delivery to site ‘B’ on the 
same round trip. Deciding how to allocate the impact of processing the timber, lay-
ing the road or the emissions from the delivery van between the different products 
and processes is not necessarily straightforward; however, there are four accepted 
methodologies for doing so:

I.  Mass: If the weight of bricks sent to site A is 70 % more than the bricks 
delivered to site B, site A should receive 70 % of the transport emissions.

II.  Economic: If the road to a new leisure centre which is valued at £ 900,000 
also benefited two dwellings worth £ 50,000 each, the emissions resulting from 
the groundwork could be split into 90:5:5 between the leisure centre and the 
dwellings.

III.  Energy: The calorific value of the timber going to site may be five times that 
of the waste wood going to produce books; thus, it should receive five times as 
much of the emissions.

IV.  System expansion: If the road being constructed was part of a Sect. 106 plan-
ning requirement, it may be argued that its construction would have been 
required in the future anyway to provide adequate access to the dwellings and 
so the building of the leisure centre has offset the need to build the road later 
on; in this case, the emissions that would be expected by building an equiva-
lent road to the dwellings can be subtracted from the total emissions of the 
leisure centre LCA (i.e. added as a credit).

1 www.openlca.org.
2 www.simapro.co.uk.
3 www.gabi-software.com.

www.openlca.org
www.simapro.co.uk
www.gabi-software.com


C. Gorse et al.204

8.9.6  Waste

If considering a ‘cradle to grave’ or ‘cradle to cradle’ LCA, impacts associated with 
waste management must be considered. Where building materials are sent to land-
fill, an emission or impact can be assigned to represent the transport to the landfill 
as well as the emissions from any biodegradation that may take place. Where re-
cycling of a material has been removed from the building or construction site or if 
there are recycled materials in the building materials themselves, then it is neces-
sary to incorporate these intricacies into the LCA. Two simple methods for doing 
this are outlined in the UK PAS 2050 Specification for the assessment of the life 
cycle greenhouse gas emissions of goods and services (BSI 2011).

• For reusing a product, the total lifetime and disposal emissions should be di-
vided by the number of reuses, plus the emissions associated with each of its 
refurbishments, and uses should be added on top.

• For using a material with recycled content or for recycling a product, either i) the 
cut-off method is used where all the disposal emissions are given to the primary 
product, so the intermediary products only incur emissions associated with the 
recycling; or ii) the closed loop method may be selected where the overall dis-
posal emissions are shared equally across all products and uses (similarly to the 
rules for reusing).

In addition, it is also possible to employ the substitution method (similar to the 
system expansion method of allocation) whereby in addition to the costs being dis-
tributed across all the products in the recycling chain, a credit may also be allocated 
for offsetting the use of virgin resources. If where the product being recycled loses 
a degree of quality (e.g. bricks used for hard core), then it is recommended to split 
emissions or credits between uses accordingly, that is the loss of quality method, 
perhaps using market value per kg as a proxy for quality. Conversely, the first and 
last products may be assigned all the burdens and credits irrespective of the number 
or quality of the intermediary uses, that is the 50:50 method.

8.9.7  Step 4: Interpretation

The final stage of the LCA is to present the results relative to the original scope 
and goal of the LCA. This can be done in several ways; however, the conclusions 
should be made with reference to the aim of the LCA. For example, if the functional 
unit discusses only GHG emissions per m2 of teaching space of a specific school, 
it should be highlighted that the LCA should not be used to compare schools with 
different facilities, for example schools with swimming pools.

Inevitably, there will be uncertainties within an LCA based on the data quality 
and comprehensiveness, methodological assumptions made when dealing with allo-
cation and waste as well as limitations of the chosen system boundary and function-
al unit. It may therefore be necessary to undertake sensitivity analyses to explore the 
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influence of major areas of uncertainty so that a degree of certainty or robustness 
can be identified.

8.10  Future of LCA

The four steps outlined leave much room for variability of method and many limi-
tations in data collection requirements. This allows flexibility for the users to suit 
their own situations; however, such specificity can limit the ability to use LCA as 
a comparison tool. This can be problematic when setting emission standards for 
products, which is common in the form of legislation. Harmonising the rules and 
data sources is one means of gaining greater control in LCA, and such an approach 
has been adopted by the EU for setting emission limits for biofuels. Harmonisation 
may therefore play a role where LCA is required for certification and validation. 
Harmonisation is presently used in legislation affecting the construction via EPCs. 
However, harmonised LCA should not be used to answer specific questions for 
particular products and processes; the use of EPC thus for predicting specific car-
bon reduction values has already caused significant confusion and mistrust in the 
industry, and the same danger exists for LCA; thus, any future harmonisation must 
be used wisely for it to be a success.

As mentioned, the availability of data is often a limiting factor in LCA and it 
is not always clear where in a supply chain one can stop counting the impacts; for 
example, should the marketing and advertising impacts of a construction company 
be included in overall LCA of the building? The form of LCA discussed so far is 
termed process LCA. In process LCA, there inevitably is a point beyond which no 
more data can or will be collected; often, this is where additional inputs constitute 
less than 1 % of the overall inputs. This is referred to as truncation. Truncation in 
LCA results in the omission of impacts from a process LCA which can range from 
the insignificant to tens of percentage increases; thus, a solution to address this has 
been proposed: input–output (IO) LCA (Suh 2009).

IO takes advantage of economy-wide reporting requirements on companies, such 
as those imposed on UK companies by the UK government and collated by the Office 
of National Statistics. Where a company’s GHG emissions are reported alongside the 
amount of money (pounds) each sector spends on another, one can understand the 
emissions per pound spent on different sectors. Thus, if one knows how much money 
is spent on a company or sector when making a product, one can understand the 
average emissions that are incurred; in this way, LCA of entire products can be built 
up. Clearly, this only allows for average emissions to be investigated and so spe-
cific investigations cannot be undertaken, for example comparing different building 
materials or construction techniques. It also means that the LCA will be influenced 
by prices, which may be volatile and subject to fluctuations unrelated to the supply 
chain impacts. Merging process and IO LCA into a hybrid LCA is a relatively new 
development which has been proposed as a means of providing specificity and com-
pleteness in one assessment, though this is a relatively new form of LCA (Kagawa 
2012); thus, its success will not be known until its uptake is more widespread.
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8.11  Summary

LCA can be used to identify the impacts (GHG emissions, water use, etc.) of all 
types of construction projects and products. There is some standardisation in the 
rules of LCA to ensure that results are robust; however, these are flexible and so 
there are still many uncertainties within each LCA. The scope and goal and interpre-
tation steps are therefore important to justify the method and provide context for the 
results, and also to identify whether any scenario or sensitivity analysis is needed. 
LCA is a mainstream tool with which to evaluate the impacts of buildings, and it is 
likely to become more so in the future. It is therefore important that practitioners in 
the construction industry are aware of and understand how to use and interpret LCA.
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Chapter 9
Building Simulation and Models: Closing  
the Performance Gap

Christopher Gorse, Matthew Brooke-Peat, James Parker and Felix Thomas

It is not practicable to test every aspect of all the buildings that are built. As we 
understand the behaviour of buildings from field and laboratory tests, the data can 
be used to produce generalised assumptions about the way a building and its com-
ponent parts will behave. These models simulations are now an integral part of 
our understanding of the performance of buildings. While the assumptions made in 
models and simulations can be relatively imprecise when first developed, as their 
development is advanced the models become more detailed, reliable and intelligent. 
Researchers are constantly updating and calibrating the sensitivity of their models, 
using new data from the field and in-use studies to improve the reliability and accu-
racy with which the models can operate. The construction industry is heavily reliant 
on the use of models and simulations to perform a variety of design and analy-
sis calculations, for predicting energy consumption and performance of finished 
buildings, and to demonstrate compliance with regulatory or voluntary performance 
standards (Fig. 9.1).

9.1  Building Performance Simulation and Models: 
Climate Change

Recently, scientific consensus has confirmed that man-induced climate change is in-
evitable and that emissions of greenhouse gases, particularly carbon dioxide (CO2), 
need to be reduced to avoid the most extreme problems (Intergovernmental Panel on 
Climate Change 2013). Due to the size and scale of its impact, the built environment is 
considered to have the greatest scope for reducing CO2. Built environment emissions 
accounts for approximately 35 % of the UK’s total carbon footprint (Intergovernmen-
tal Panel on Climate Change 2007; Carbon Trust 2009).  Thermal models and building 
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performance simulation already play an important part in  delivering more sustainable 
designs and buildings; furthermore, their use and development remains important in 
the rapidly growing field of building  performance research. The models and simula-
tions can be used at a micro- and macroscale. For example, hygrothermal models are 
used to look in detail at the movement and development of moisture through elements 
and thermal models to look at heat flow through junctions (Figs. 9.2, 9.3).

Fig. 9.2  Hygrothermal analysis: Temperature and water profiles within an insulated cavity wall

 

Fig. 9.1  Understanding and simulation building performance
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Building simulations are developing in both their power and flexibility. They 
play an important part in ensuring the detail and junctions perform as intended 
and the simulations ensure, as far as is practicable, the buildings are appropriately 
equipped for their use and exposure.

Building simulation is an important tool in the design and development of low-
energy buildings. Simulations are at a microscale in the analysis of thermal comfort 
(Fig. 9.4) and can encompass surrounding buildings and features at what may be 
considered a macrolevel (Figs. 9.5, 9.6). District and city scale simulations are used 
to look at wind patterns, solar exposure, heat island effect and other interaction 
between building and the environment.

Architects, designers and engineers can now create highly detailed models of 
building performance due to cumulative and the ongoing advances in computation-
al capacity and wide-ranging software innovations. Almost all elements of building 
performance can now be modelled from the structural integrity of an entire building 
to the fire escape strategy of a given facility. Building information modelling has 
the potential to revolutionise the design, construction and operation of facilities 

Fig. 9.3  Thermal model of junction between party wall and ground floor
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and has the inertia to result in performance simulation and computational analysis 
becoming common place for not just large complex non-domestic developments 
but for small scale domestic work as well. Engineering practice and research in the 
field of energy performance simulation has grown on a global scale and is repre-
sented by The International Building Performance Simulation Association (IBPSA 
2015). IBPSA produces a number of resources and publications focused on build-
ing simulation.

Fig. 9.5  Building simulation, used as part of a study on the influence of exposure to wind on 
buildings and affect on cross-ventilation

 

Fig. 9.4  Thermal comfort: air pressure across the façade of a floor in a multi-storey building. Used 
to inform ventilation strategy
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9.2  Dynamic Simulation Modelling

The following text specifically focuses on what is commonly referred to as dynamic 
simulation modelling (DSM) but is possibly more correctly described as dynamic 
thermal simulation. Due to the complexity of modern construction techniques and 
building systems, the challenges to reduce energy consumption are becoming more 
critical; traditional engineering design tools have a limited application; they do not 
sufficiently mimic the dynamic conditions encountered in reality, they assume static 
or steady-state parameters and create a simplistic version of what is an infinitely 
complex universe. Dynamic simulation modelling allows for a more sophisticated 
analysis of the conditions encountered in reality:

Computational building performance modelling and simulation… is multi-disciplinary, 
problem-orientated and wide in scope. It assumes dynamic (and continuous in time) bound-
ary conditions, and is normally based on numerical methods that aim to provide an approxi-
mate solution of a realistic model of complexity in the real world.
Hensen and Lamberts 2011, p. 3

Despite this, it is important to understand that models are just that; models. It is 
not technically achievable or practical to exactly replicate the complexity of the 
real world; an effective and efficient model should only be as complex as is nec-
essary. For example, the geometry of a thermal model used to analyse a fully air-
conditioned building does not need every individual window to be added to each 
individual space; only the percentage of glazing for each given space needs to be 
represented. However, if the building in question is naturally ventilated, each indi-
vidual window unit needs to be modelled and inputs controlling the window open-
ing angle and schedule need to be added.

Dynamic simulation modelling can be used to predict many aspects of building 
performance including heating and cooling loads, energy consumption and CO2 

Fig. 9.6  Building simulation, solar exposure and heat gain, part of a study on thermal comfort 
and overheating
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emissions, ventilation requirements and effects, indoor thermal conditions, human 
comfort levels, daylight conditions and heating, ventilation and air conditioning 
(HVAC) system performance. Some (DSM) software applications are now also ap-
proved to produce regulatory compliance calculations and can be used to design too 
and provide evidence for a range of statutory requirements and sustainable architec-
ture standards around the world.

Dynamic thermal simulation models are built up from an extensive range of 
input parameters that are required to create a virtual environment; it is this virtual 
environment that provides the boundary conditions for performance analysis. These 
input parameters provide the source data for a series of interactive and complex 
building physics calculations.

External model input parameters include the following:

• site global location
• detailed simulation weather files

dry-bulb temperature
wet-bulb temperature
wind speed and direction
direct, diffuse and global radiation
atmospheric pressure and relative humidity

• building-specific parameters control values for building geometry
• construction materials
• heating, ventilation and cooling system
• air exchanges
• internal heat gains from equipment, lighting and occupants

Data outputs from the simulation files are extensive.
At a building level, thermal loads can be calculated and energy consumption/

CO2 estimates can be made for fuel types, broken down to end uses (for example 
boiler or chiller energy) if necessary. At a room level, a wide range of parameters 
can be analysed including thermal properties, ventilation rates, comfort levels and 
daylighting provision. At an elemental level, outputs can predict properties such as 
surface temperature or heat transfer. The full range of outputs will depend on the 
specific model/software that is being used.

Dynamic thermal simulation models have a wide range of applications from sim-
ple regulatory compliance calculations to advanced estimates of operational perfor-
mance in large complex buildings. Advanced modelling techniques can be used to 
accurately predict thermal performance in both new build and retrofit projects; they 
can also be used to simulate day-lighting and complex air movement. Some DSM 
software is approved by the UK Government for the production of Building Regula-
tion Part L compliance calculations and production of Energy Performance Certifi-
cates (DCLG 2011); more sophisticated models can be produced in the design and 
evaluation of energy efficient, low carbon buildings (Carbon Trust 2011). When 
used as part of an iterative design process, building simulation can provide initial 
energy performance estimates and these can be refined as the design is developed 
throughout the procurement process.
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9.3  Regulatory Compliance and the Performance Gap

In the UK, the Department for Communities and Local Government (DCLG) legis-
lates that non-domestic buildings that are newly built, being sold or being let have 
an Energy Performance Certificate (EPC) rating (DCLG 2008a); the requirement is 
in accordance with European Directive 2002/91/EC. It is also a mandatory require-
ment that all new or extensively refurbished buildings comply with Part L of UK 
Building Regulations (HM Government 2010a; HM Government 2010b). Compli-
ance with these policy instruments requires the energy performance of a given fa-
cility to be estimated using the simplified building energy model (SBEM) which is 
underpinned by the National Calculation Method (DCLG 2011).

Public buildings with a floor area over 1000 m2 are now legally obligated to 
display benchmarked and measured operational energy performance under the Dis-
play Energy Certificate (DEC) scheme (DCLG 2008b). Comparison of EPC per-
formance estimates with DEC results and more detailed monitoring information 
has identified significant differences between the predicted and operational perfor-
mance of non-domestic buildings in recent years (Burman et al. 2012; Carbon Trust 
2011; Parker et al. 2012; Menezes et al. 2012); this difference has become known as 
the ‘performance gap’. There are numerous reasons for this (partly perceived) gap 
including inaccuracies in modelling techniques, unregulated loads, out of standard 
hours operating, commissioning and management issues and the as-built perfor-
mance of building elements (Carbon Trust 2011).

As the existence of a performance gap has become acknowledged, more research 
projects have been commissioned with the intention of identifying contributing fac-
tors (Menezes et al. 2012). Primarily, DSM software is used in the analysis of non-
domestic buildings and is only approved for regulatory compliance calculations in 
this type of facility; the remainder of this section therefore focuses on the perfor-
mance gap in non-domestic buildings. The phrase ‘performance gap’ in the built 
environment is thought to have been coined during early studies through the Post-
occupancy Review of Buildings and their Engineering (PROBE) project which con-
ducted detailed studies of 23 buildings; this study found that the majority of these 
used twice as much energy in practice as estimated at design stage. This early study 
of this phenomenon concluded that a lack of feedback between building operators 
and designers contributed towards the gap which is a common finding in this field 
of research to date (Bordass et al. 2001). The Low Carbon Buildings Accelerator 
and the Low Carbon Buildings Programme are more recent examples. Both of these 
projects are referenced by the Carbon Trust in a report aimed at construction clients 
interested in the procurement of low carbon buildings (Carbon Trust 2011). This 
report asserts that energy consumption can be up to five times higher than predicted 
in some of the worst cases. An industry led project, CarbonBuzz, is designed to pro-
vide an online platform for sharing of performance data. It has recorded an average 
gap in performance of 114 % (Kimpain and Chisholm 2011). Unfortunately, com-
mercial pressures have restricted the amount of available data that is available in 
terms of predicted and actual performance. Although there seems to be a  collective 



216 C. Gorse et al.

desire to produce more sustainable buildings and designs, many organisations are 
reluctant to share performance data that cast a bad light on their architectural de-
signs, engineering or physical assets.

Some of the discrepancy between estimated and actual energy consumption has 
been described as a ‘perception gap’ (Austin 2013). This is due to the perceived idea 
that Building Regulations Part L and EPC calculations account for total energy con-
sumption. Part L and EPC calculations only account for energy consumed by space 
conditioning and fixed lighting and do not account for ‘unregulated’ loads (Austin 
2013; Carbon Trust 2011). These unregulated loads include plug loads (equipment), 
server rooms, security systems, vertical circulation and external lighting systems. 
This is particularly important in non-domestic buildings as unregulated equipment 
energy use can account for as much as 40 % of total CO2 emissions (Parker et al. 
2012; Jenkins et al. 2009).

A summary report of the Technology Strategy Board’s Building Performance 
Evaluation Programme (BPEP) describes preliminary results from 29 non-domestic 
buildings. In 26 cases, the Building Emission Rate (calculated for Part L  compliance) 
accounts for less than 25 % of operational CO2 emissions (Cohen 2013). Quantita-
tive data are being collected in all BPEP buildings using a network of sub-metres 
and building management systems (BMS). A paper from 2012  describes results 
from the analysis of a school building included in the BPEP (Burman et al. 2012). 
It notes that unregulated loads account for 41 % of total consumption. Sub-meters 
and data taken from the BMS allowed operational problems to be identified. In 
this example, the Ground Source Heat Pump system was not functioning correctly, 
demand control ventilation was not operating, and the inverters were not enabled 
(Burman et al. 2012). Certain assumptions made in the SBEM calculations relating 
to heating set points, auxiliary power and lighting density contributed to the perfor-
mance gap in this example.

9.4  Reducing the Discrepancy in Modelling  
and Simulation

There has been criticism of the accuracy achievable by simulation software (Raslan 
and Davies 2010) but results from the case study noted above demonstrated that 
DSM models can be calibrated to closely simulate actual performance. It has further 
been proposed that ‘…the impact of modelling tools on the overall discrepancy be-
tween predicted and actual performance is constantly being diminished’. (Menezes 
et al. 2012, p. 356). It is mainly assumptions that made in regulatory compliance 
calculations account for the modelling-related gap in performance (Austin 2013; 
Burman et al. 2012; Cohen 2012). This provides further evidence that when used 
as a detailed design tool, DSM can produce accurate predictions of energy perfor-
mance and aid the low-carbon design of buildings.

It has been proposed that a large proportion of the performance gap in non- 
domestic buildings is due to equipment loads not accounted for in regulatory 
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 calculations (Austin 2013; Burman et al. 2012; Cohen 2012; Menezes et al. 2012). 
This is exacerbated by out-of-hours operations (Menezes et al. 2012). A detailed 
case study of an office building shows actual electricity consumption to be three 
times higher than predicted by SBEM calculation. However, when using a predic-
tive model to estimate electricity consumption based upon realistic equipment con-
sumption and operating profiles, the estimate is within 3 % of the actual observed 
consumption (Menezes et al. 2012). Due to the significant role that these unregu-
lated loads have in the non-domestic sector, the majority of research has focused on 
this and post-occupancy evaluation studies of buildings in use.

There is a consistent message in published research that examines the perfor-
mance gap; a lack of effective feedback maintains the gap between actual and pre-
dicted performance. There is however scope to reduce the gap by feeding back per-
formance data to designers and engineers. In turn, the data inputs and performance 
estimates from regulatory compliance calculations can be enhanced and improved 
by taking full advantage of the capabilities of DSM software.

9.5  Model Accuracy and Calibrated Whole Building 
Simulation

The very nature of a model is abstract, and they represent a simplified version of a 
complex reality. This has long been recognised by scientists in many fields of re-
search and has been succinctly summarised in the past: ‘Remember that all models 
are wrong; the practical question is how wrong do they have to be to not be useful?’ 
(Box and Draper 1987, p. 74). Leading DSM software is validated for use against 
various global standards; the most prominent of these are the Chartered Institute of 
Building Services Engineers (CIBSE) ‘TM33: Tests for Software Accreditation & 
Verification’ in the UK and the American Society of Heating, Refrigeration and Air 
Conditioning Engineers (ASHRAE) ‘Standard 140-2007: Standard method of test 
for the evaluation of building energy analysis computer programs’ (CIBSE 2006; 
ASHRAE 2007). Using these benchmarks, software is validated against known pa-
rameters and compliance with these standards provides independent assurance that 
the software will produce accurate results when predicting the energy and ther-
mal performance of buildings. For existing buildings, it is possible to calibrate the 
models against measured performance. Accuracy of calibrated models is most often 
checked by calculating the mean biased error (MBE) and coefficient of variation 
of the root mean squared error (CVRMSE) which quantify the differences between 
metered utility data and baseline simulation estimates. When using monthly me-
tered utility data, ASHRAE Guideline 14 considers a model to be calibrated when 
the MBE is within 5 % and the CVRSME is within 15 % of metered data (ASHRAE 
2002); when using hourly data, this extends to 10 % and 30 %, respectively.

Building simulation calibration has been described as the ‘…process of using 
an existing building simulation computer program and ‘tuning’ or calibrating the 
various inputs to the program so that observed energy use matches closely with that 
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predicted by the simulation program’ (Reddy 2006, p. 227). Calibrated models can 
be used to inform investment-grade decisions for deep retrofit projects; this a wide-
ly acknowledged function of calibrated models (Reddy 2006; Raftery et al. 2011a; 
Heo et al. 2012). Outputs from the simulations can be used in financial appraisal 
models, supplying the base data to complete sophisticated life-cycle assessment 
calculations that use metrics such as Net Present Value (NPV) or Internal Rate of 
Return (IRR). In scenarios that include multiple, interactive retrofits, a package of 
different retrofit technologies or long-term retrofit pathways, whole building simu-
lation is a particularly useful technique.

Calibration of building energy performance models is the focus of a consider-
able body of academic research. In 2003, a research project was commissioned 
by ASHRAE with the aim of developing a ‘…coherent and systematic calibration 
methodology…’ (Reddy 2006, p. 225). A broad literature review of the existing 
techniques was one of the main outputs of this work (Reddy 2006). This has more 
recently been developed by Coakley et al. (2014) to encompass an extensive range 
of calibration techniques and tools. Methodologies were originally divided by Red-
dy into four main groups, and despite advances in the field, Coakley et al. retain the 
same four categories: (a) manual, iterative and pragmatic interventions; (b) suites 
of informative graphical comparative displays; (c) special tests/analytical proce-
dures; and (d) analytical and mathematical methods. However, they also provide a 
simplified categorisation of calibration approaches these being classified as either 
‘Manual’ or ‘Automated’ techniques.

These alternative approaches to model calibration rely on a range of data col-
lection and analytical tools. For example, hourly data sets are used in approach 
(b) and error ranges are visualised to identify aspects of the model/outputs that 
need refinement. Approach (c) uses intrusive ‘blink-tests’ where groups of end-use 
loads are turned on and off to determine consumption; this test data are then used 
to refine model inputs (Shonder et al. 1997; Soebarto 1997). Another approach in 
this category, short-term energy monitoring (or STEM tests) uses a similar pro-
cess to refine model inputs (Subbarao 1988; Manke and Hittle 1996). Analytical/
mathematical optimisation calibration techniques can produce inaccuracies due to 
the heterogeneous nature of buildings and limited number of parameters normally 
used in the process (Reddy et al. 2006; Raftery et al. 2011a). A robust mathematical 
approach based upon Bayesian regression for normative models has been shown 
to be as accurate as a calibrated transient simulation (Heo et al. 2012). This type 
of calibration can however be computationally expensive and time-consuming for 
larger models. Limitations can restrict the accuracy of the first iterative approach (a) 
although work has been done to refine this type of calibration process (Hunn et al. 
1992; Yoon et al. 2003).

The manual iterative approach involves analysts updating models in stages by 
adjusting appropriate parameters until the required level of accuracy is reached. 
This approach is often based upon an analyst’s own knowledge and understand-
ing which can sometimes be applied in an ad hoc manner (Reddy et al. 2006). 
A recent improvement on the iterative approach uses the concepts of ‘calibration 
signatures’ and ‘characteristic signatures’ (Claridge 2011). Calibration signatures 
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are calculated from the differences in simulated and measured consumption and 
characteristic signatures are calculated from the changes in consumption against a 
baseline simulation from a similar reference-building type. This approach is ideally 
suited to calibrating the measured and simulated heating and cooling system energy 
consumption. The signature values are plotted against a specified temperature range 
to allow errors to be visualised.

Contemporary research has sought to define standard systematic methodologies 
for calibrated simulation which use a combination of the four approaches previ-
ously defined plus a higher resolution and range of metered data from the subject 
building, most accurately using hourly end-use records (Reddy et al. 2007a; Reddy 
et al. 2007b; Raftery et al. 2011a; Raftery et al. 2011b). As mentioned previously, 
the work of Coakley et al. (2014) provides an extensive review of contemporary 
calibration techniques and tools. Despite there being a wide range of theoretically 
sound approaches, a number of issues still limit the use and accuracy of calibrated 
models, namely a lack of consensus on standard approaches; expenses associated 
with model development and data collection; simplification of model inputs; quality 
of model inputs; uncertainty relating to approximated and simplified inputs; iden-
tification of errors; and the lack of automated processes (Coakley et al. 2014). In 
practice the most common barrier to effective calibration is the sheer number of in-
puts required, which can be in the thousands for relatively simple buildings. Model 
calibration is described by Coakley et al. as a problem that is ‘…over-specified (i.e. 
too many data points) and under-determined (i.e. too few validation points)’. (Coak-
ley et al. 2014, p. 135). Ultimately, the choice of calibration approach relies heavily 
on the data that are available for a specific building.

9.6  Elemental Modelling

9.6.1  Thermal Bridging

Revisions to the Building Regulations (Department of the Environment and the 
Welsh Office 1995; Office of the Deputy Prime Minister 2002, 2006; HM Govern-
ment 2010a, 2010b, 2013) have successively increased the required thermal per-
formance of the building envelope. As the thickness of insulation increases to the 
plane elements of buildings in an attempt to reduce heat loss, the effect of thermal 
bridging at the junctions between these elements can increase proportionately (Jans-
sens et al. 2007; Berggren and Wall 2013). See Fig. 9.7 for an illustration of plane 
elements, thermal bridges and junctions.

The thermal bridges occur as a result of both building geometry and the way 
building materials are assembled. The thermal bridges that result from assemblies 
often occur due to the interface between different components, such as window and 
door lintels, jambs and typically elements used to add structural reinforcement or 
make structural connections, or where materials simply pass through the insulated 
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fabric without having the benefit of the same insulation properties (Fig. 9.8). With 
careful detail design, the impact of such interfaces can be reduced.

Geometric thermal bridging is where the internal and external surface areas of 
the thermal envelope differ in size at the location of each junction (Janssens et al. 
2007). A geometric thermal bridge with the potential for increased heat loss occurs 
at internal corners or curves, where the internal surface area is less than the external 
surface exposed. The increased exposure and material through which the heat trans-
fer can take place lowers the thermal resistance, and provides additional paths for 
heat flow to the external environment, in cold climates.

The U-values of plane elements primarily consider heat transfer as unidirec-
tional to the main envelope areas, whereas heat flow is multi-dimensional at thermal 
bridges (Ward and Sanders 2007). A geometric thermal bridge is shown in Fig. 9.9 
that represents a temperature distribution of a normal corner in plan with the heat 
flow lines indicated. The effect of the thermal bridge in these instances can be posi-
tive or negative depending on whether the convention for measuring the heat loss 
area is based on internal ( ibid) or external dimensions (Waltjen 2008), and also if 
the junction forms an internal or external corner in the building fabric (Ward and 
Sanders 2007). A constructional thermal bridge is where a material of high ther-
mal conductivity penetrates a material of low thermal conductivity, thus creating 
discontinuity to insulating layers (Janssens et al. 2007). An example of a tempera-
ture distribution for a constructional thermal bridge is shown in Fig. 9.9 where a 
blockwork party wall extends into a cold roof void that is insulated at ceiling level. 
As a result of the higher rate of heat transfer at thermal bridges, a localised reduc-
tion in internal surface temperature occurs (Ward 2006). Thermal bridging must 

Fig. 9.7  Plane elements, junctions (geometrical thermal bridges) and thermal bridges. (Thomas 
and Gorse 2015)

 



2219 Building Simulation and Models: Closing the Performance Gap

be  accounted for in order to make accurate predictions of thermal performance for 
design and regulatory purposes that seek to minimise energy consumption and limit 
the risk of surface condensation and mould growth.

Thermal bridges that occur at regular intervals within the main areas of build-
ing fabric (e.g. studwork) are known as repeating thermal bridges, and these are 
accounted for in the U-value calculations for plane elements (Ward 2006). Non-
repeating thermal bridges require the undertaking of thermal bridging calculations 
to obtain the linear thermal transmittance (Ψ-value) and minimum temperature fac-
tor (ƒRsi). Point thermal transmittance (χ-value) is calculated for constructions with 
individual and isolated penetrations of insulation layers ( ibid). The thermal trans-
mittance of thermal bridges (Ψ-value or χ-value) is used for whole building heat 
loss accounting purposes (Ward 2006). The ƒRsi is a metric that is used to assess 
the potential risk of surface condensation and mould growth based on the predicted 
lowest internal surface temperature ( ibid). Thermal bridging calculations are under-
pinned by a numerical modelling technique known as thermal modelling (Ward and 
Sanders 2007). This is undertaken using computer software to model multi-dimen-
sional heat flow and predict surface temperatures. Thermal modelling software in-
puts include the geometry of the junction, the thermal conductivity of the materials 
incorporated in the construction and the boundary conditions to the environments 

Fig. 9.8  Constructional thermal bridge. A blockwork party wall extends into a cold roof void that 
is insulated at ceiling level
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surrounding the subject of the model. Both two- and three-dimensional software 
programs are available, and these model either steady state or dynamic conditions. 
It is important that the correct software is selected for the type of analysis to be un-
dertaken. The use of two-dimensional software is appropriate in most situations, but 
there are circumstances where three-dimensional effects must be taken into account 
(Ward and Sanders 2007). For example, where plane elements are non-uniform in 
the third dimension and the non-uniformity contributes to the thermal bridging, the 
construction must be analysed using a three-dimensional model. Steady-state mod-
els are used to determine the thermal bridging input parameters to whole building 
energy use and CO2 emissions calculations that are based on one-dimensional heat 
transfer equations (Martin et al. 2011). The transient analysis of thermal bridges is 
undertaken using dynamic models to investigate specific issues such as the effects 
of thermal inertia, but this approach tends to be limited because of the limitations of 
whole building models ( ibid). All thermal modelling software should be validated 
to the standard BS EN ISO 10211 (BSI 2007a). National application documents de-
fine the principles and procedures for thermal modelling (Ward and Sanders 2007) 
and outline the methodology for the treatment of thermal bridges (Ward 2006) un-
der the Building Regulations (HM Government 2013).

Fig. 9.9  A geometric thermal bridge showing a temperature distribution of a normal corner in plan 
with the heat flow lines
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Studies (Comiskey 2010; Peat 2013) have shown that careful design detailing 
that is assessed using thermal modelling can yield results that have the potential 
to minimise building fabric heat transfer and can prove advantageous for input to 
whole building energy use and CO2 emissions calculations when compared to stan-
dard detailing. Therefore, it is essential when seeking to create low energy buildings 
that attention is paid to thermal bridging and that efforts are made at the design stage 
to minimise the impact of this phenomenon (Comiskey 2010).

9.6.2  Hygrothermal Behaviour

Increasing energy efficiency standards achieved by low rates of air permeability 
and high levels of insulation makes hygrothermal performance an important factor 
to consider in the design of new buildings and particularly when thermally upgrad-
ing existing buildings (May and Sanders 2014). Moisture transfer in buildings and 
the risk it presents to the building fabric and the health of occupants is a complex 
subject ( ibid). Due to a failure to understand the contributing factors, reasons for 
the presence of moisture are sometimes misdiagnosed. Predicting hygrothermal be-
haviour and assessing the associated risks requires skills in the use of specialist 
software and knowledge of building pathology, materials science and understanding 
of building use. BS EN 15026 (BSI 2007b) defines the equations that form the basis 
for numerical simulations known as hygrothermal simulations. These use computer 
software to predict one-dimensional transient heat and moisture transfer in build-
ing fabric under dynamic conditions. Models require an extensive range of inputs 
that include the geometry of the construction, material properties (e.g. density, po-
rosity, heat capacity, thermal conductivity, liquid transport coefficients,), internal 
and external climate data, orientation and boundary conditions. The outputs from 
hygrothermal simulations typically include temperature, heat flow, water content, 
moisture flow, relative humidity and vapour pressure. These conditions can be used 
to assess the risk of frost damage, moisture accumulation, timber rot, corrosion of 
metal components and mould growth. There are also some post-process software 
packages available to assist in the analysis of transient results from hygrothermal 
simulations. Hygrothermal bridges can be assessed using two-dimensional hygro-
thermal simulations, but these are outside the scope of the standard BS EN 15026 
(BSI 2007b) and require an even higher degree of specialist capability.

9.7  Summary

The use of models and simulations to understand and predict building performance 
is increasing. While there remains some scepticism around models and their use, the 
sophistication and capability is rapidly increasing. The improvements are a direct 
result of the laboratory tests, field work and the development of advanced computer 
hardware with increased computational power, processing tools and software. The 
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capability of the software and knowledge gained has significantly changed the way 
we understand building performance and improved the ability to design buildings 
that have resilience to the impact of more dramatic future climates.
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Chapter 10
Sustainable Urban Design

Lindsay Smales and Pam Warhurst

The role urban design and urban designers can play in helping to deliver high-
quality, sustainable built environments is now well established, both in the UK and 
elsewhere. Previously known as ‘Civic Design’, with the ‘urban’ coming to the fore 
in the USA during the 1960s (Cowan 2005), this activity is multidisciplinary in its 
approach and holistic in its general outlook. Urban design practitioners pride them-
selves in filling the spatial gaps between the traditional functions of the architect, 
who usually concentrates on designing an individual building on a single site for a 
single client, and those of the planner, who works on policy making and delivery for 
whole neighbourhoods, towns, cities and even regions. Urban designers claim that, 
unlike their professional colleagues, they are uniquely able to focus on, amongst 
other things, the quality of the public realm, the street, the square and the spaces 
between buildings (Carmona 2004).

Even though urban design is now a recognised profession amongst those respon-
sible for delivering our built environments (The Urban Task Force 1999), there is a 
tangible lack of confidence amongst those who aim to practise this profession. This 
manifests itself in an incessant need to define and continually restate the remit of 
urban design, and the role and function of urban designers (Sorkin 2011). It is also 
evident in their seemingly endless, but helpful, desire to identify and codify a series 
of rules and principles for designing good-quality, sustainable places.

This chapter examines and reviews the evolution of some of these keynote prin-
ciples and tests their validity, usefulness and sensitivity by evaluating them against 
the physical and visual characteristics of an existing small town. This is a settle-
ment which is relatively typical of many UK towns, not least as its physical fabric 
is mostly a product of the Victorian era. It is also one that is unique in that it has led 
something of a national, if not international, revolution in the way local communi-
ties can rethink and reuse public space greater level sustainability.
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10.1  Urban Rules and Principles

Ever since Vitruvius published his Ten Books on Architecture Rowland, 2001 city 
builders have attempted to lay down guidelines for others to learn from and follow. 
Christopher Wren’s unrealised plan for the rebuilding of The City of London after 
the Great Fire of 1666 (Summerson 2003) set out his prescriptions for the relative 
heights of the buildings that were to line new boulevards, or what he called the 
city’s ‘Principle Streets’, and the less grand, smaller thoroughfares. The eighteenth 
century saw a rise in popularity of ‘The Pattern Book’ (Darley 2007). These were 
modest publications containing plans and building design details for landowners 
who could not afford to employ one of the growing, relatively scarce, members of 
the architectural profession yet who still wanted their new buildings and develop-
ments to reflect the latest fashions and tastes.

In America, city layout and design was somewhat more straightforward and or-
dered. This was because new towns and settlements adopted regimented grid forms 
by taking their cue from the incremental, geometrical mapping of the country from 
east to west first established by Mason and Dixon (Thadani 2010). In contrast, Cam-
millo Sitte’s ‘City Planning According to Artistic Principles’ (Sitte 1889), perhaps 
the first proper treatise on civic or urban design, was founded on his travels to 
European towns and inspired by the ancient and medieval settlements he loved and 
admired.

Raymond Unwin’s influential book ‘Town Planning in Practice’, published in 
1909 and subtitled ‘An Introduction to the Art of Designing Cities and Suburbs’ 
(Unwin 1909), helped shape whole swathes of post–First and Second World War 
English residential environments, from ‘Homes for Heroes’ through to the New 
Towns of the 1950s (Hall 2014). These carefully planned places were themselves 
the successors of the efforts by cities such as Nottingham and Leeds to control the 
rapid growth of squalid Victorian development through the introduction of a series 
of local ‘by-laws’ setting out space standards for the distances between the fronts 
and backs of dwellings and just how many properties, and the families who lived 
in them, should share outside toilet blocks (Muthesius 1984). It is also the case 
that many dictators seem incapable of restraining their desire to meddle in matters 
of urban design and plan the places over which they reign according to their own 
warped principles and values. These interventions range from Napoleon III employ-
ing Haussmann to create the wide military-friendly boulevards of Paris, to Hitler 
with his plans for the redesign of Berlin in the form of the megalithic ‘Germania’ 
(Hall 2014), and The Shar of Iran’s pre-Revolution commissioning of a grand mas-
ter plan for Tehran (Llewlewyn-Davies 1976).

If the precedence for the writing and setting out of urban design guidelines is 
therefore long, if not distinguished, then it is hardly surprising that recent genera-
tions have got in on the act. Jacob’s seminal work of 1961, ‘The Death and life of 
Great American Cities’ (Jacobs 1961), has only four illustrations, showing the need 
for small-scale city blocks, yet contains a series of principles that have become the 
accepted norms and benchmarks for urban designers the world over. These include 
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the necessity to mix up the uses within a given neighbourhood, as opposed to their 
separation through land-use zoning, the primacy of the street, the value of people-
based natural surveillance and the importance of working with and consulting local 
residents in the design-based decision-making process (Jacobs 1961).

Gordon Cullen’s ‘Townscape’, also published in 1961, did not contain strict 
‘rules’ for the design of future settlements but managed to influence a whole gen-
eration of architects and urban designers. It did so through its emphasis on the visual 
and picturesque components of placemaking and his core argument that we should 
learn to embrace the organic, piecemeal, qualities of traditional built environments 
(Cullen 1961).

During the early 1970s, and in the absence of any formal design advice from the 
then Department of the Environment, Essex County Council’s ‘A Guide to The De-
sign of Residential Areas’ (Essex County Council 1973) became something of a na-
tional design guide for the whole of the UK. It went on to inform, shape and inspire 
not only the housing schemes for the locality for which it was originally written, but 
also influenced much of the private sector residential development throughout the 
country and still has a significant impact on housing layouts today (Carmona 2001). 
The document included the innovative, sustainable notion that new homes ought to 
be constructed using locally sourced materials and the key suggestion that housing 
in urban locations should adopt the higher densities appropriate to their context. 
This, in turn, would arguably ensure the distinction between town and country could 
be maintained and preserved, even if this did not actually lead to the demise of the 
‘anywhere’ type of sprawling suburban estates its authors reviled (Essex County 
Council 1973).

Christopher Alexander joined in this trend towards prescriptive rules with his ex-
tensive set of guidelines for everything from the design of churches and temples to 
attractive urban spaces, as outlined in his ‘A Pattern Language’ (Alexander 1977). 
His comprehensive and ambitious collection of 253 ‘patterns’ included guidance on 
the ideal size for a neighbourhood, at 7000 people, a height limit on buildings of 
four storeys and the need to form clusters of housing which contain a balanced mix 
of people of all ages and a range of facilities in identifiable local centres.

Bentley et al’s 1985 text ‘Responsive Environments’ built upon the work of Ja-
cobs and Cullen by putting forward nine principles for the design of towns and 
cities, including the idea that places should be legible and easy for both residents 
and visitors to understand and navigate their way around (Bentley et al. 1985). They 
suggested that buildings and spaces should be robustly adaptable and urban areas 
‘permeable’, so that, within reason, the pedestrian is able to walk wherever they 
wish. One of the critiques of the Responsive Environment book is that it addresses 
a scale of development that is relatively modest and low in density and is therefore 
less applicable in contexts where the value of land requires much more concentrated 
forms of development (Bentley et al. 1985).

Perhaps not surprisingly, given his comments on the supposed failure of mod-
ernist architects to design new buildings which members of the public, and heirs 
to the throne, could relate to, Prince Charles has also set out his own ‘Principles’ 
for urban design. These originally surfaced in his 1989 book ‘A Vision of Britain’ 
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(The Prince of Wales 1989) as a series of what he called in an earlier BBC docu-
mentary ‘Ten Commandments’ by which we could evaluate the quality of exist-
ing urban environments and the new development proposals that were supposed 
to improve them. These princely urban edicts included building in harmony with 
the surrounding context, using local materials and promoting the kind of external 
decorative elements the Victorians and Edwardians integrated into their building 
facades and which modernists decry as being false and dishonest. The Prince went 
on to establish his own ‘Foundation for the Built Environment’, which embraces an 
English version of what the Americans call ‘New Urbanism’ (Haas 2008), and does 
so through conferences, training events, local master planning and design charettes. 
These guiding rules for shaping new developments have quite literally been put 
into place in the Prince’s own new urban extension of Poundbury on the edge of 
Dorchester in county of Dorset (Thadani 2010).

In the UK, three other key texts contained their own variations of these urban 
design principles, namely The Urban Task Force Report (1999), By Design (DETR  
2000) and The Urban Design Compendium (English Partnerships 2007), in the at-
tempt to pass on best practice to the likes of local authority development control 
officers and the politicians who sit on planning committees. More recently, Andreas 
Duanny has established the idea of the urban–rural sectional transect, within which 
the scale and density of development increases relative to its proximity to central 
areas (Duanny 2008). This in turn was an evolution of his use of Design Codes, 
strict design principles championed by The Congress for New Urbanism and first 
developed at the exclusive holiday community of Seaside in Florida (Haas 2008).

In 2009 Lehnerer published his ‘Grand Urban Rules’ as a summary of research 
undertaken at the ETH University in Zurich. He sets out 115 ‘significant’ ingre-
dients for the contemporary metropolis, offering up tools for ‘a valuable (urban) 
design attitude’ which supposedly ‘departs from an approach that wants to con-
trol everything, and moving towards a non-fatalistic form of control between free-
dom and coercion’ (Lehnerer 2009). This eclectic and somewhat quirky montage 
includes guidance on skyline view management and the design of tall buildings, 
‘neighbourhood compatibility’ and even advice on how to ensure back gardens are 
aesthetically consistent with those of adjacent properties.

The innovative ‘Frieburg Charter’ (Daseking 2015) is championed in the UK by 
pressure group The Academy of Urbanism and contains some nine objectives for 
sustainable urbanism. This includes ‘ the wise use of resources, minimising addi-
tional land take up, and the encouragement of moderate degrees of urban density’, 
as well as the insight that sustainable built environments will only come about by 
‘creating long-term partnerships between the community, and the public and private 
sectors’. These edicts are lessons that have been derived from their implementation 
as the guiding principles for the creation of the city’s neighbourhood of Vauban—
a place widely acknowledged to be a model of environmentally sensitive design 
that all serious urbanists need to both visit and learn from. The Charter goes on to 
outline 12 guiding principles grouped into the 3 categories of spatial, content and 
process. These include creating a ‘city of short distances, with accessibility to all 
infrastructure networks available on foot or by bicycle’, focusing on ‘design qual-
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ity, especially for public spaces’, and the need for a ‘long-term vision, incorporating 
awareness of the past and looking way into the future’ (Daseking 2015).

Others have variously produced lexicons of key urban design ideals and prin-
ciples, such as Cowan’s 2004 ‘Dictionary of Urbanism’ (Cowan 2005), Mikoleit 
and Purckhauer’s ‘Urban Code’ of ‘maxims, observations, and bite-size truths … 
that teach us how to read the city’ (Mikoleit and Purckhauer 2011), and Sucher’s 
‘City Comforts: How to Build an Urban Village’ (Sucher 2003). Jan Gehl (2003) 
Francis Tibbalds (1988), Hugh Barton et al. (2003), Mike Jencks and Dempsey 
(2005) and David Rudlin and Nicholas Falk (1999) have all similarly written up 
their experiences, theories and principles for making sustainable streets, neighbour-
hoods, towns and cities.

In short, few urban designers worthy of the title, or professional organisations 
and agencies concerned with promoting urbanism, seem able to resist telling the 
world how to plan and design their version or vision of sustainable places. Many 
also argue that, almost by default, and certainly without the need to labour the point, 
good urbanism is automatically sustainable as it promotes and fosters built environ-
ments which are the result of democratic processes of engagement, are human in 
scale, walkable, visually vibrant and thereby inherently people-friendly. Whether 
these ‘rules’, especially if applied in a doctrinaire manner, a charge levelled at The 
New Urbanists for instance (Sorkin 2011), are vehicles for unlocking creativity or 
straitjackets which serve to constrain and limit innovation is a debate that will con-
tinue as long as designers persist in writing them down.

If it were possible to summarise the considerable consensus shared by these rule 
makers and bearers of tablets from on high, then it would be the notion that sustain-
able urban design is about the collective act of making places which sensitively re-
spond to the local context. Such settlements would contain a mix of uses, encourage 
the freedom to roam, be the product of involving local communities in the design 
and development decision-making process, be legible and consist of robust, flexible 
buildings and spaces that could be adapted for new uses by future generations. They 
would be walkable, human-scale built environments created incrementally, whilst 
also being distinctive, fun and beautiful. It would be the job of the talented urbanist 
to bring all these elements together in order to create buildings, spaces, streets and 
places that not only maximise their potential, and that of the people who inhabit 
them, but do so in a way that adds to and enhances overall levels of social, economic 
and environmental sustainability.

The fact that very few places, either existing or yet to be built, can live up to these 
demanding criteria and idealistic principles should not necessarily deter us from as-
piring to them or aiming for the goals they represent. A few recent settlements have 
supposedly achieved these laudable qualities and become exemplars of best practice 
in sustainable urbanism, such as Vauban in Frieburg, Hammerby in Stockholm and 
the Western Harbour of Malmo. Yet these places or the guiding frameworks upon 
which they were built are rarely tested and appraised in any systematic manner 
(Sorkin 2011). The case study which follows assesses the core best practice prin-
ciples outlined above against an existing town and comes to conclusions about both 
the guidelines themselves and the sustainability of the place in question.
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10.2  Incredible Edible Todmorden: Changing the World 
One Corner at a Time

Todmorden is a Market Town in West Yorkshire, England. The settlement grew 
rapidly in the nineteenth century, during which time it saw the development of local 
employment based around the production and processing of both wool and cotton. 
The decline of the textile industry in the twentieth century hit Todmorden hard, 
and the town has struggled to find a contemporary role for itself. In this period, its 
population fell from a peak of 20,000 to the current 14,500. The settlement could 
once have been described as an economy in search of a built environment. Today, 
it is a built environment in search of an economy and a place that is trying to be 
something more than a commuter town for people who work in the nearby cities of 
Leeds, Bradford and Manchester.

Todmorden is a fairly typical example of a northern Victorian mill town, with its 
neo-classical Town Hall, indoor and outdoor market, Methodist Chapel and railway 
viaduct. It nestles at the confluence of three valleys, in whose flood plain it was 
constructed, and at the western edge of the picturesque Upper Calder Valley, the 
moors, or ‘Tops’, of which are a popular draw for walkers and ramblers. Many of 
the significant landmark structures in Todmorden, including its impressive Town 
Hall, were funded in the nineteenth century by the Fielden family, the wealthy local 
mill owners (Birch 2006). It currently has levels of unemployment and deprivation 
slightly higher than the local norm (CMBC 2010) and a disproportionately greater 
number of elderly people when compared to other towns in the vicinity. The larg-
est single employer provides some 80 jobs, but the majority of local employment 
is derived from small businesses, most of whom maintain between 2 and 10 staff.

In 1948, the well-known planner Thomas Sharp wrote a ‘Plan for Todmorden’ 
(Sharp 1948), in which he proposed the demolition of substantial parts of the town 
centre and its reconfiguration using modern roads, roundabouts and flat-roofed new 
development. The plan also suggested a large new residential area be built on the 
edge of town. This would be constructed at a density of 24 dwellings per acre, or at 
twice what it claimed to be the local average, with ‘full provision’ being made for ‘a 
community centre, local shopping groups, places of worship, primary and nursery 
schools and playing fields’ (Sharp 1984). This bold urban extension did not come 
about due to the prevailing economic climate of the time and the fact that it was to 
be insensitively sited on top of a remote and bleak hill.

Much later, in 2003, John Thompson and Partners were asked by the then Re-
gional Development Agency (RDA), Yorkshire Forward, to work with the com-
munities of the Upper Calder Valley, including Todmorden, on the production of 
a comprehensive ‘Vision’ for the regeneration of the area and its five major settle-
ments (Yorkshire Forward 2003). This document contained a sophisticated and ac-
curate analysis of the character of the Valley, exemplified by the textile-based anal-
ogy of the ‘Warp’ and ‘Weft’ of the place, as illustrated by the twisting and varied 
entanglement of its rivers, canal, roads and railway. Thompson’s document also al-
located five pages of ideas for improving Todmorden, including the development of 
key sites, mostly those of former clothing mills and factories, the creation of a new 
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town square adjacent to the markets and a new mixed-use waterside development 
consisting of ‘workshops, offices, live/work units and a variety of housing types and 
tenures’ (Yorkshire Forward 2003).

This ‘Vision’ document was part of the countywide ‘Rural Renaissance Pro-
gramme’ funded by the RDA, which also supported the writing of a ‘Tourism Ac-
tion Plan’ (UCVR 2005) for the Upper Valley. This follow-on document identified 
a number of reasons why the providers of the local tourist experience, such as B&B 
and cafe owners and those who ran independent shops, believed people, mostly in 
the form of day trippers, came to visit the general area and the towns of Todmor-
den and Hebden Bridge in particular. These attractions were deemed to include ‘a 
dramatic landscape with a unique settlement pattern; an important and powerful 
heritage; a place of inspiration and innovation, and a centre for healthy lifestyles’ 
(UCVR 2003). Suggestions for improving the built environment of Todmorden 
focused on the settlement’s ‘buildings, streets and spaces’ and identified ways in 
which to ‘capitalise on the creation of a better image for the town’. Such enhance-
ments would be founded on an appraisal of the ‘overall levels of walkability in the 
town centre’, the ‘pro-active release of canal side mills and properties to facilitate 
mixed-use development’ and ‘the possibility of Todmorden becoming an additional 
centre for alternative, sustainable technologies’ (UCVR 2005).

Laudable as these post-Sharp ideas and aspirations might be, few have come 
to fruition. Apart from the creation of a new canal side wharf, the reroofing of the 
outdoor market and some limited conservation work on the Grade One-Listed Town 
Hall, the town has seen few of its larger sites or properties being developed for new 
uses, experienced the long-standing dereliction of centrally located buildings, such 
as a cottage hospital and cinema from the 1930s, and little in the way of affordable 
new residential development that meets local needs.

In recent times, however, Todmorden has become known for a new way of think-
ing about how we live and relate to our surroundings based on the Incredible Ed-
ible Todmorden (IET) project (Warhurst and Dobson 2014).The IET initiative was 
started by a small group of people, mostly women, who wanted to put into practice 
the well-established principle of ‘thinking globally, acting locally’. Their approach 
was significantly different. Rather than producing a strategy document or asking 
others, such as existing formal bodies and agencies, for permission or support, they 
realised the power of small, direct actions. This initially took the form of what is 
referred to as ‘guerrilla planting’, but which they prefer to call the less aggressive 
activity of ‘propaganda gardening’. This entailed local volunteers digging up the 
type of ‘leftover’, underutilised, poorly managed and boring empty spaces to be 
found in all towns and cities and the transformation of much of the town’s public 
realm into herb gardens, vegetable patches and orchards for use by the whole com-
munity (Warhurst and Dobson 2014). It included creating raised growing beds in 
the corner of the railway station car park, in front of the local Police Station, Job 
Centre, Community College and Health Centre buildings and establishing herb gar-
dens in many spaces that were previously subject to the aesthetically dead hand of 
so-called ‘municipal planting’.
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Central to the project are a number of key principles. These include the notion 
that, in the face of entrenched local government bureaucracy, ‘it is easier to ask 
for forgiveness than permission’ (Dobson 2015). The aim was that this would be a 
truly inclusive exercise, as exemplified by the phrase, ‘if you eat you are in’, and 
that the vegetables and herbs planted around the town by local volunteers are free 
for everyone to harvest and pick. The founders of IET, which include a former lo-
cal council leader and chairperson of national environmental quangos and a retired 
community development worker, set up the scheme to encompass what they refer 
to as three ‘spinning plates’ of activity—a community plate, a learning plate and 
a business plate—interrelated elements that must continually be kept in motion in 
order to achieve the desired objectives.

The result of this approach has meant that Todmorden’s residents have embraced 
the aims and objectives of IET and begun to take more pride in where they live, 
coming to view their place with different eyes (Warhurst and Dobson 2014). Local 
schools have engaged with IET and now grow food in their own grounds. They 
have incorporated both growing and cooking more extensively into their day-to-day 
educational curricula, and many local food producers and retailers now promote and 
sell their products as being part of the IET ‘family’.

A recent research project undertaken as part of a European Union-funded evalu-
ation of the impact and effectiveness of the IET project was able to establish that:

96 % of local residents like the growing of food in public spaces
67 % collect food and herbs from these public spaces
97 % say they buy more local food today as compared to 5 years Ago
and 57 % have begun to grow their own food following the example of IET (Trivelli 2013)

In addition, the district authority, Calderdale Council, now work closely with IET 
and have introduced a valleywide licensing agreement whereby local people can 
grow food on publically owned land. An Incredible Edible Farm has been set up on 
the edge of town and the local High School now plays host to a new Aquaponics 
Garden building and project which is one of the largest such facilities in the UK 
(Dobson 2015).

A big element of the success of the IET project, apart from the fact that it is 
an idea whose time has come, is the use of social media, websites and a coordi-
nated strategy of actively explaining and sharing the work of the group to others 
and encouraging them to copy this example in their own places and communities. 
This objective is also achieved through tours of the town and growing sites and the 
preparedness of key activists to go out and talk at national and international confer-
ences and events. This desire to disseminate their experience, philosophy and en-
thusiasm has meant that, in 2014, more than 1,000 people visited Todmorden to be 
guided around the town and engage with IET members, their work and ideas. There 
has been a huge growth in Incredible Edible towns and communities across the UK, 
with their number reaching more than 90, together with an estimated 300 being set 
up across the world (Warhurst and Dobson 2014).

The major UK agency for championing new ways of thinking about how to cre-
ate sustainable towns and cities, The Commission for Architecture and the Built 
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Environment, have used Todmorden and IET as one of their ‘Best Practice Case 
Studies’. They conclude:

Incredible Edible Todmorden succeeds because it connects people in the town 
through the shared growing, picking and eating of food:

• it questions the way people think about public green space and empowers them 
to take responsibility for it

• it is based upon local action, it is about changing behaviour through strong local 
leadership

• it represents a bottom up approach to tackling wider issues of climate change 
which is truly inclusive—it involves everyone in the community from every back-
ground

• it breaks down barriers between people by focusing on something that we all 
love and need—food—because it is inclusive

• it is truly joined up thinking—it makes connections in the town so local growing 
is embedded into education, health and local business.

 (CABE 2011)

Todmorden is a place transforming itself on the back of a simple yet very powerful 
idea that has quite literally been put into place by local activists. These are people 
who are not afraid to do things differently and to use the previously neglected re-
sources available in their town in innovative and imaginative ways in order to chal-
lenge and change how we perceive, use and interact with urban space, whilst also 
providing food that is free for all.

This is why Todmorden is widely recognised as a contemporary model for other 
places to be inspired by, to learn from and, with the happy consent and support of 
its Incredible Edible community, to copy and follow—be they similar small towns, 
local neighbourhoods or even entire cities (Dobson 2015).

It is instructive to evaluate this particular place against the best practice criteria 
in sustainable urbanism set out and shared by the practitioners and commentators 
whose work has been examined above.

10.3  Evaluating Todmorden Today

The first best practice principle for sustainable urbanism is summarised as, ‘the col-
lective act of making places which sensitively respond to the local context’.

There is little doubt that Todmorden has a strong sense of place. This is derived 
from both its natural setting and the character of its built environment. The former 
is the reason why walkers are drawn to its surrounding hills and valleys, and the 
latter comes from the local stone used by the Victorians in the building of their town 
at a time when they clearly wanted it to be a tangible expression of civic pride, eco-
nomic prosperity and community coherence.
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A positive effect of the impact of a relatively depressed local economy is that 
there has not been much new, modern development of the kind that has been de-
scribed as being capable of being built ‘anywhere’ due to its cheapness and lack 
of design quality. A negative effect is the number of large brownfield sites on the 
edge of the town centre which lay dormant and the lack of investment in key build-
ings and spaces which could enhance the town’s central area and overall image. 
Despite a range of plans for the town, few of the initiatives suggested have hap-
pened. The Town Council is relatively powerless, having an annual budget of less 
than £ 200,000, when compared to Calderdale MBC, the main local authority, who 
have overall responsibility for planning matters. Neither agencies seem to have the 
finances, imagination or entrepreneurial skill to embrace the challenges of kick-
starting local development in straightened economic times.

Whilst there are a number of organisations in the town who have tried to make 
small-scale environmental, place-based improvements, such as ‘Todmorden in 
Bloom’ and the ‘Todmorden Pride’ partnership, this general level of collective lo-
cal, official inaction is one of the reasons for the creation of IET. Incredible Edible 
could be said to be a response to the local context through its creative reuse of 
neglected, leftover spaces and potential sites for growing. It is certainly an example 
of volunteer-based community action, albeit one which, in theory, could have taken 
hold in any town, hence its easy transferability to other places, neighbourhoods and 
communities.

The fact that Todmorden’s image and reputation has been transformed on the 
back of the work of IET is a mark of the clever and sensitive manner in which this 
project has responded to prevailing conditions and challenges and it has been used 
as a way of trying to address more difficult, overarching problems such as social 
cohesion and place-based identity (Dobson 2015).

The second best practice principle is focused on ‘the provision of mixed uses’ 
within a given place and locality.

As a compact, relatively dense town nestling in the narrow valley bottoms of a 
former flood plain, the development and growth of Todmorden in the nineteenth 
century saw terraces of workers’ houses being built in close proximity to, indeed 
often in the shadow of, the mills and factories in which their occupants worked. 
Shops, pubs and places of workshop were similarly nearby and remain so today. 
With the decline of local industry and the closure of most if not all of the mills, came 
the necessity to seek employment out of town, further down the valley, up the road 
or along the railway line.

In this way, in comparison with earlier times, Todmorden is much less of a 
mixed-use place than it once was. As clearly identified in the Upper Calder Val-
ley Renaissance Vision (Yorkshire Forward 2003), the opportunity provided by the 
sites vacated by former industries once more presents the chance to create develop-
ment that consists of mixed uses, even though the economic factors have not been 
in place to foster this, or hardly any, type of development.

So far there are no ‘gated communities’ in Todmorden. This might be due to 
the dearth of recent new residential development and relative lack of prosperity 
in the town. It is also noticeable that if the economically buoyant want to exempt 
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themselves from being close to the less well-off then in this locality they do so by 
living above the town and not within it. This is evidenced by the expensive high 
spec vehicles which fill the busy town centre railway station car park and belong 
to those who commute to Bradford, Leeds and Manchester and who tend to live in 
converted farmhouses, cottages and barns in remote and secluded villages on the 
Moors or ‘Tops’. These expensive conversions are physically and financially out 
of the reach of the vast majority of Todmordians. This economic apartheid, which 
after all is Afrikaans for ‘separate development’, means that those who live above a 
certain contour line invariably look down on the town.

The third principle is that of ‘permeability’ or the opportunity, within the bounds 
of reason and safety, to encourage the freedom to roam, so that people can easily 
access their place and its constituent parts.

One of the recent successes of IET has been that of persuading the local Calde-
rdale Council to allow them to create a temporary community garden on a brown-
field site the authority own in the town centre. Half of the site has been given over 
to a herb, vegetable and fruit garden, called ‘Pollination Street’, and a grassed over 
green space with picnic benches. This space is also used as the venue for the an-
nual IET Harvest Festival, which sees more than 500 people gather to eat locally 
produced food and to see and hear about the activities of the Incredible Edible vol-
unteers. The other half of the site has been boarded up in the usual way, but even 
this has been adopted by children from the local Asian community who use it as an 
informal cricket ground upon which to practise their skills. Whilst there is evidence 
that the local community are separated by topography and house prices within the 
area, they have managed to come together by colonising the available space in the 
town, even if they are not necessarily invited or meant to do so.

The fourth urban design guideline is that a good, sustainable built environment 
should be ‘the product of involving local communities in design and development 
decision making’.

Unlike other Yorkshire Forward Renaissance Programme master plans (York-
shire Forward 2008), the UCVR vision was the product of a sophisticated consulta-
tion process, as opposed to the typical exercise undertaken in other regional settle-
ments in which a ‘Town Team’ made up of elected members and business people 
became the client body for future plans.

The UCVR visioning process involved gathering the views and aspirations of 
local people via a series of consultation days, one of which was held in Todmorden 
Town Hall. However, it is obvious that many of the urban design-based proposals in 
the end document are those of the talented consultants themselves expressing their 
own ideas through skilfully executed and engaging drawings (Yorkshire Forward 
2003), rather than design interventions put forward by local residents. The various 
action plans outlined in the ‘Vision’ were supposed to be implemented by subject-
specific themed groups, only one of which, the ‘Sustainable Transport Group’, 
based in Hebden Bridge and not Todmorden, survives to be active today. The Tour-
ism Action Group did meet and produce the aforementioned Tourism Action Plan, 
but apart from commissioning a visitor survey and persuading CMBC to reinstate 
the role of a local tourism officer, their objectives have unfolded more organically 
than through the agency of an adopted plan or strategic implementation process.
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Over the last eight years, a range of attempts have been made to redesign the spac-
es, sites and buildings on or adjacent to Todmorden’s centrally located Bramsche 
Square. Town and district councillors have been represented on at least two regen-
eration boards or panels whose aim has been to work towards identifying ways of 
unlocking the town centre’s development potential. Due mostly to the poor state of 
the local economy, these plans have also failed to come to pass. The opportunity to 
develop a Todmorden Neighbourhood Plan is being explored under the provisions 
of the Localism Act (DCLG 2012). This would involve yet further community par-
ticipation in setting local development priorities and the chance for the town council 
to wrest control of planning matters back into their own hands. As Neighbourhood 
Plans can embrace specific themes, it would be surprising if Todmorden’s did not 
embed the local food growing economy within its core objectives and policies.

The IET ethos of just getting on with it, without asking for permission, is partly 
founded on long-standing frustrations around raised expectations generated by a 
raft of existing bodies and agencies who, over the years, have promised local resi-
dents the hope of regeneration but have rarely been able to deliver. With its self-
selecting steering group of local volunteers possessing a range of pertinent skills 
and creative enthusiasm, IET could be argued to have developed an implementation 
strategy for effective local change which does not depend upon, or is impeded by, 
the usual type of formal consultation. In fact, they have done so in a town whose 
populace could be said to be suffering from ‘consultation fatigue’. This experience 
serves to demonstrate that having set guidelines for shaping future development 
is all well and good but that, where appropriate, these principles might need to be 
bypassed or broken.

The fifth guidance is the one which states ‘places should be legible’ and thereby 
easy for both residents and visitors to understand and get to know. As a compact 
small town nestling in the bottom of three narrow valleys, which represent the only 
ways in and out, Todmorden generally meets this criterion. It is aided by the promi-
nent design and location of its Town Hall, which is carefully sited at the confluence 
of these three arteries, some prominent landmark buildings at strategic locations on 
the edge of the central area and the way in which development has also traditionally 
clung to the sides of these valleys.

However, it is not necessarily clear where the town centre begins and ends and 
this became a contentious issue in a recent planning application for a fourth super-
market on a large gateway site along the road from Halifax. The developers argued 
that the scheme should be deemed as being ‘out of town’ and therefore subject to 
less stringent planning rules and obligations. They did so even though they also 
maintained that it was near enough to the town centre for their customers to walk 
down the busy road to continue their shopping by visiting local independent shops 
and the markets. Their application was a thrown out on the basis that a new store 
some 20 % larger than the existing medium-sized supermarket, which clearly is on 
the edge of town, would have a detrimental effect upon the vitality and viability of 
the existing provision.

As with many places, the town also has an ad hoc collection of welcome signs at 
key entry points, erected at different times and which send out a range of messages. 
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More recently, IET have commissioned a large sign for the east-bound Platform 
Two of the railway station, which says’ Welcome to our Incredible Town’. This is a 
superb piece of design by a talented local graphic artist who has managed to capture 
the character of the settlement and its people in an exemplary way.

The sixth principle aimed at achieving sustainable urbanism is that places should 
‘consist of robust, flexible buildings and spaces that could be adapted for new uses 
by future generations’. With the decline of its founding industries, Todmorden also 
saw the demolition of most of its textile mills, some of which were very large struc-
tures, and the removal of a substantial proportion of its Victorian housing, espe-
cially those properties in a poor state of repair. Some robust, well-built structures, 
such as a town centre Methodist Chapel opposite, and indeed larger than the Town 
Hall, were cleared away in the 1960s. 

There are a few instances of buildings being converted to new uses, such as a 
Victorian Art School on the edge of Centre Vale Park becoming a community cen-
tre, one or two mills being turned into flats and former shops becoming cafes. Like 
other places, many of the cleared sites, especially those within the town centre, have 
become surface car parks, facilities which local retailers say are essential to the suc-
cess of their businesses and about which local residents complain at having to pay 
supposedly high parking charges collected by the Borough Council, revenue which  
is not automatically fed back into the local community.

The most successful example of the restoration and creative reuse of a local 
building is that of the Unitarian Church. Perched on a hillside overlooking the town 
centre, this magnificent example of gothic ecclesiastical architecture has been de-
consecrated and restored by The Historic Chapels Trust. Although it is still used for 
inter-faith weddings and funerals, it now also acts as a conference centre, art gallery, 
music venue and community gathering place, not least for the volunteers who main-
tain the growing beds of IET who store their tools and equipment there.

It is doubtful whether the likes of the well-built Methodist Chapel on Bridge 
Street, or the Dale Street Co-op building with its spacious first-floor ballroom, 
would be demolished today. This in the context of a town whose popular nineteenth-
century Indoor Market building has spent many years waiting for its leaking roof to 
be repaired and a place that, thanks to IET, has also now found a new and exciting 
way of pro-actively reusing the type of leftover spaces, if not the local buildings, to 
be found in all towns and built environments.

The seventh principle is that ‘good places should consist of walkable, human-
scale environments built incrementally’. Conceived, like many northern towns, in 
an era when the main forms of transport were the steam locomotive and the horse, 
Todmorden is a place that is both walkable and built at a human scale. The vast 
majority of the workers in its former mills would have walked to their nearby place 
of employment. They lived, as they do today, in well-constructed rows of stone ter-
races, laid out in a gridlike fashion. The original inhabitants of these solid properties 
would not have needed to travel far for provisions or access to amenities, including 
the fresh air available on the tops of the moors. And it is the case that, until rela-
tively recently, a considerable number of local residents rarely, if ever, ventured out 
of the town and its valleys.
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The notion that a good place is one that can be walked across within the space 
of 10 min has become something of a mantra for those urbanists aiming to help 
foster sustainable settlements (Thadani 2010). This is a measure of sustainability 
that Todmorden achieves almost effortlessly, despite the need to improve the quality 
and maintenance of local footpaths such as the town’s canal towpath. Observation 
reveals that many children still walk to one of the town’s seven schools, few adults 
are far from a local pub or shop, and more people walk to the railway station than 
drive there. Alexander would be pleased to see that, church spires apart, there are 
no buildings taller than four storeys and there is relatively little new development 
that is unattractive or does not now use locally sourced stone in its design and con-
struction.

As for the ideal of incremental, rather than comprehensive, development, the 
town fulfils this goal by default, in as much as the lack of investment, certainly over 
the last four decades, has meant that there are no examples of large, over powering 
or domineering schemes in the town, be they residential or another use. It lacks 
an example of the ubiquitous business park full of the poorly designed crinkly tin 
sheds, a large-scale public housing scheme, or any cheap off the peg office build-
ings. This has meant that much of the original character of Todmorden survives into 
the present to be appreciated by residents and visitors alike, and does so to the point 
where the absence of these forms of contemporary development, and the preserva-
tion of a sense of place that goes with this attribute, is cited by those who are now 
moving into the town from elsewhere as one of the reasons for their locational 
choice.

Finally, high-quality, sustainable places should be ‘distinctive, fun and beauti-
ful’. The other principles and urban aspirations in this list of shared themes and 
issues are perhaps easier to achieve and more obviously apparent than these three 
illusive qualities.

Distinctiveness, in the form of built environments that are unique and memora-
ble, can be hard to find in the age of the ‘Clone Town’ high street (New Economics 
Foundation 2004) and rapid globalisation. Todmorden is certainly in possession of a 
distinctive natural setting. Although many of its buildings, including the Town Hall, 
Unitarian Church and shop fronts, are examples of Victorian architecture composed 
of prefabricated elements available from contemporary building catalogues and 
journals, the physical fabric of the town retains much of its original character and 
charm. When cleaned up and restored to their former glory these buildings provide 
an attractive collective backdrop and powerful traditional townscape.

The recent success of the town’s markets, which now hold two busy days sell-
ing second-hand goods, helps to make the settlement fun for both locals and visi-
tors. Recent community art festivals, including puppet and lantern-based parades, 
have also made a significant contribution to putting the place on the map and mak-
ing it more enjoyable. This is aided by the fact that a number of recent television 
travel programmes, themed around canals and railways, have featured Todmorden 
as a good place to visit and pass through. Whilst the teenagers from the local High 
School might beg to differ, the town has recently become a more fun place, with a 
growing number of cafes, bars, new shops and even art galleries. It can also be said 
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to be an interesting, lively and inspiring place for the 1,000 people who chose to 
engage in IET-inspired ‘vegetable tourism’ and -guided tours every year.

Todmorden may not have the organic beauty of a hilltop town in Tuscany, or the 
planned order of a model settlement like nearby Saltaire. It does have a stunning 
natural setting, best experienced by a walk in the town’s Park, which has unrivalled 
views of the local hills and rocky outcrops, and it is still in possession of a power-
ful form of visual integrity that springs from a unified built environment shaped 
within a relatively short period in time. Although the recent demolition of some key 
buildings and lack of new development on important sites have arguably led to the 
dilution of this aesthetic cohesiveness, certain parts of the place have the kind of 
townscape-derived beauty that Cullen and others might recognise as a high-quality 
built environment with many of the attributes of a sustainable place.

10.4  Conclusions

This evaluation of the small town of Todmorden against established and shared best 
practice guidelines for sustainable urbanism has served two purposes. It has shed 
light on the usefulness and legitimacy of these criteria whilst also enabling them to 
be used to appraise the constituent components of a built environment that struggles 
to be economically and socially viable—albeit a community which has also man-
aged to develop a particular model of environmental sustainability that other places 
have enthusiastically embraced and copied.

Even though they are relatively few in number, these specific urban design 
guidelines can be deployed as a helpful way of assessing places. They could be 
used, for instance, as a quick method for a town or neighbourhood’s inhabitants to 
undertake an initial overview of their settlement’s core qualities and as a starting 
point for a wider community-based discussion as to how to their place might deal 
with its past, present and future. If a town like Todmorden is subject to a range of 
forces, both internal and external, which serve to shape its buildings, spaces and the 
people who use them, then the central issue is the extent to which a local community 
such as this is at the mercy of change or in control of it.

Through the creation of the innovative IET project, whose evolution has been 
both planned and spontaneous, this town has changed the way its residents perceive 
their home and how they work together to bring out its potential. It is doubtful if 
prior to becoming ‘Incredible’, a deliberately tongue in cheek yet knowingly aspira-
tional and confident exercise in the branding of place, Todmorden would have met 
many of the principles explored here. Whether the establishment of this significant 
initiative is a happy accident, a co-incidental and creative meeting of local minds in 
a specific place at a judicious time, remains to be seen.

It is also worth noting that, whilst there is an apparent wealth of urban design 
guidelines available which aim to spell out the qualities our places should aim for, 
adopt and share, there is a distinct lack of guidance which sets out the processes by 
which they can realistically become more sustainable by design. Most urban design 
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theorists and practitioners agree that good urbanism is, and must be, inherently sus-
tainable, but relatively little research exists on how to get there from here.

If, as might be hoped by the idealistic urbanists who have set out and created 
these criteria, the people residing in a town such as Todmorden can learn to bet-
ter understand its assets, qualities, opportunities and distinctiveness by using these 
principles to reflect upon their home and its future then much might be achieved. 
Above all, urban designers aspire to foster a sense of place in those settlements 
which do not currently possess this illusive quality and to preserve and enhance it 
where it already exists. This exercise in benchmarking has shown these best prac-
tice principles to be well grounded and useful. As such, they may yet prove to be 
powerful tools in the creation of better, more sustainable built environments.
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Chapter 11
Landscape Urbanism and the Building 
of Sustainable Futures
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Change is an inherent aspect of human civilisation, and it is rarely comfortable. 
Cities across the globe are subject to constant change, and no urban area is likely to 
be immune from the forces that bring this about. Indeed, as the twenty-first century 
progresses, this change is going to have to be far more radical than it currently is, 
if we want our towns and cities to be sustainable, to create or maintain a healthy 
setting for people, and be places that attract and retain innovative investment and 
development.

In the UK, most of us are now urban people, even if we still believe that we retain 
some vestige of the countryside within us. It has been suggested that over 90 % of us 
in the UK now have an ‘urban lifestyle’. In the UK, 1851 was the year when urban 
inhabitants officially outnumbered rural ones, but we only have to go back maybe 
two generations on mainland Europe to find an ancestor who was either involved in 
farming or relied upon the land to provide them and their family with a living. Much 
has changed within the short period of one century; the Industrial Revolution may 
have been the catalyst for urbanism, but the twentieth century was the period that 
really made the difference (Simson 2008).

According to the United Nations (http://www.un.org/esa), only 14 % of the 
world’s human inhabitants live in cities around 1900. As late as 1960, two-thirds 
of humanity still lived in rural areas, but, by 2007, for the first time in history, the 
world hosted more urban dwellers than rural. By 2025, the UN estimate that only 
one-third of the world’s population will live in rural areas, and it has been sug-
gested that some 60 % of the urban areas that will exist in 2030—only 15 years from 
now—have yet to be built (Secretariat of the Convention on Biological Diversity 
2012). Such is the pace of urbanism worldwide, and this will have a corresponding 
impact on resources, biodiversity, sustainability and human health and well-being.
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It is likely that the pace of urbanisation will accelerate as towns and cities re-
spond to change—changes in population levels, both increases and decreases, eth-
nic composition, climate change, changes in industry and employment and changes 
in people’s expectations and demands. This will in turn affect population densities, 
lifestyles and the design, sustainability and governance of our towns and cities. 
Such changes are already occurring in Europe, where there have been noticeable 
realignments over recent years in the physical growth and sprawl of some of our ur-
ban areas, although over 60 % of European residents are said to inhabit urban areas 
(European Commission Communication 2013b).

Whilst urban sprawl is often thought of as a classic American problem, which 
indeed it is, the European Environment Agency ‘Urban Sprawl in Europe’ report 
(European Environment Agency 2006) suggests that European urbanism is going 
in exactly the same direction as that in the USA, albeit for different reasons. In the 
USA, sprawl has generally occurred as a result of industrial decline, with people 
vacating the inner city for a better quality of life in the ever-increasing suburbs. 
Detroit, Michigan, is the classic example, having 60 % less population in 2010 than 
it had in 1950. The collapse of the motor industry in Detroit towards the end of the 
twentieth century caused the population of that city to fall over 25 % between 2000 
and 2010 alone (US Census Bureau 2011). In Europe, town and city centres have 
tended not to have suffered in this way, although changes in people’s retail habits to 
online shopping have affected many of the traditional shopping streets, as has the 
rise in peri-urban shopping centres and retail outlets.

European sprawl is something of a paradox however. In most countries—other 
than in the UK—national populations are either stable or declining, which would 
suggest that, at best, cities should be either static in area or actually shrinking. They 
are not however—indeed, many cities are appreciably expanding, and the prime 
reason for this is a desire for people to seek a better, quieter, healthier and greener 
quality of life, which is hard to find in many city centres—even some of the histori-
cal European city centres (European Environment Agency 2006). It can be found 
in the greener suburbs however, and the fact that the registration of private motor 
vehicles in Western Europe exceeds the registration of births by a factor of 4:1 sug-
gests that even with the high quality of most European public transport systems, 
people are opting for up-to-date personal transportation, rather than for children.

In addition, in some parts of Europe, the larger cities are where there are good 
job opportunities and where the higher education institutions are to be found, and 
thus, they attract significant numbers of people to engage with these activities, with 
a corresponding pressure for housing, transportation and other developments. In 
these circumstances, issues of ‘green’ can sometimes be viewed by city authorities 
and other interest groups as being counterproductive to providing such new devel-
opments economically.

Whether the American or the European example is selected, the results are much 
the same. Urban sprawl has been eating away at the rural and ‘natural’ areas of the 
countryside, partially through direct building and construction, as people opt for 
the ‘greener’ lifestyle of sub- or ex-urbia. The extension of communication infra-
structures to serve such development, such as new roads, road widening, new or 
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the reinstatement of railways and cell phone masts—the classic ‘grey infrastruc-
ture’—has also taken its toll of the countryside and compromised the sustainability 
of towns and cities as a result.

The American response to this predicament was to invent the concept of ‘green 
infrastructure’, defined in 2006 by Benedict and McMahon as

a strategically planned and managed network of wilderness, parks, greenways, conserva-
tion easements and working lands with conservation value that supports native species, 
maintains natural ecological processes, sustains air and water resources, and contributes to 
the health and quality of life for America’s communities and people (Benedict and McMa-
hon 2006).

This concept was not entirely new, as it could be argued that the concept, if not the 
phrase, could be traced back to the nineteenth-century Quaker industrial philanthro-
pists in the UK, who firmly believed in ‘green infrastructure’ as an integral part of 
the success of their model settlements, the idea subsequently being propounded by 
Ebenezer Howard and the Garden City Movement in the early part of the twentieth 
century. The actual term ‘green infrastructure’ seems to have first been deployed in 
1994 in the USA, when a report was presented to the Governor of Florida on land 
conservation strategies, which suggested that ‘natural’ systems were equally impor-
tant aspects of infrastructure, if not more important.

As is often the case however, even the existence of a fairly comprehensive 
definition does not inhibit a broad interpretation of a concept. Many government 
agencies, at the Federal, State and city level in the USA deployed the term ‘green 
infrastructure’ to cover a multitude of policies and ideas essentially to do with con-
servation and surface water management including, in 2007, its use by the US En-
vironmental Protection Agency to describe management practices that were used to 
achieve a low-impact development strategy of built engineered structures for storm 
water management.

In Europe, the publication in 1990 of the EU’s Green Paper on the Urban Envi-
ronment (European Union 1990) attempted to confront the issues of urban sprawl 
by extoling the virtues of urban densification as a way of creating more mixed land 
uses and related multifunctional livable open space environments. Subsequent poli-
cies were promoted by the Green Paper throughout the Member States to achieve 
this aim, but it became apparent that, far from halting the spread of urban areas, 
they were increasing with renew vigour. Thus, the EU had an interest at about the 
same time as the USA in refining and redefining the concept of green infrastructure 
in Europe and for similar reasons, the concept being promoted as a comprehensive 
green infrastructure network across the Continent to confront, contain and deal with 
the issues of urban sprawl and its effect upon ‘nature’ and biodiversity.

Green Infrastructure is multifunctional, in that it can perform several functions 
in the same spatial area at the same time, in contrast to grey infrastructure that 
generally performs only one function, such as drainage or transportation (European 
Environment Agency 2011). Green Infrastructure is not in opposition to ‘grey infra-
structure’ however. Grey infrastructure enables the transportation of raw materials 
and assists the production of goods and services and the distribution of finished 
goods to markets, be they local or further afield. Grey Infrastructure also facilitates 



A. Simson and S. K. Ostoić250

the provision of basic social services and benefits to the local population and thus 
is fundamental to successful urbanism. The key to successful urbanism in the future 
would seem to hinge on an ability to meld the green infrastructure with the grey, 
even if this mix and its application to both policy and delivery vary from country to 
country and place to place.

The EU is well aware that the future of Europe depends on having successful, 
sustainable cities and city regions (Potočnik 2013). Further, the report ‘Building a 
Green Infrastructure in Europe’ (European Commission 2013a) very much pro-
moted the idea of a European Urban Green Infrastructure, including urban green 
space, street trees and other urban forestry planting and sustainable urban drainage 
(SUDS). Research carried out recently, however, for COST Action FP 1204 in 13 
EU counties has shown that there is a wide variety of national responses to the 
concept of both green infrastructure and urban green infrastructure, the role it plays 
in national policy making and its inclusion in national urban futures (COST Action 
FP 1204 2013).

In some ways, we have been here before, albeit with the concept of urban forest-
ry. It is generally agreed that the concept of urban forestry was originally conceived 
in Toronto by Jorgenson in 1965, quickly adopted by the urban green movement 
in the USA and introduced into Europe in the 1980s. It proved to be a difficult 
concept to sell to decision-makers and urban designers however, due mainly to its 
lack of a tight definition, but the European Union were successful when, in 1997, 
they commissioned COST Action E12 Urban Forests and Trees (1997–2002) to 
investigate the potential of developing a European approach to urban forestry, as 
opposed to trying to emulate and apply the American version. The Action subse-
quently established urban forestry in the eyes of the European Union as a specific 
scientific domain—in other words, it came of age in Europe—and has been making 
significant progress ever since (Konijnendijk et al. 2005). Might it be an opportune 
time therefore to consider whether a European version of the concept of Landscape 
Urbanism could be devised as the vehicle to meld green/urban infrastructure, grey 
infrastructure, blue infrastructure, urban forestry and urban design into a mecha-
nism that enabled a different approach to be put into train to both retro-fit existing 
urban developments and deliver new, sustainable urban forms across the European 
Continent?

Castells (1993) was right when he said that ‘the major cities throughout Europe 
constitute the nervous system of the economic and political body of the continent. 
The more nation-states wane, the more cities emerge as the driving force in the 
making of a new European society’. That said, such cities have to be sustainable, 
efficient and cost-effective in the impecunious times in which we live, and it may be 
that a redefined Landscape Urbanism approach might well be the vehicle to deliver 
this.

Although the concept of ‘Landscape Urbanism’ first surfaced in the USA in the 
late 1980s amongst university academics, its first official public outing was in April 
1997 at a conference at the Graham Foundation in Chicago. This conference set out 
to consider the issues that were arising in many towns and cities in the USA at that 
time which were suffering from a prolonged period of industrial decline, the subse-
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quent creation of a multitude of brownfield sites and the exodus of populations from 
town and city centres in favour of a better quality of life in the ever-expending sub-
urban areas. This was followed by a touring exhibition that promoted the idea that 
Landscape Urbanism was a theory of urban planning that suggested that the best 
way to organise these failing post-industrial towns and cities was through the design 
of the city’s landscape, rather than through the design of its buildings (Thompson 
2012).

More specifically, the exponents of the concept of Landscape Urbanism believed 
that the cities of the future offered little in the way of permanence in terms of de-
sign, infrastructure or ecology were likely to be constantly changing and that sus-
tainable urban futures could only be assured by structuring a city through the union 
of both the urban and the rural landscapes into a ‘green infrastructure’. Such an 
approach was deemed to be ‘a response to the failure of traditional urban design 
and planning to operate effectively in the contemporary city’ (Corner 2006). This 
was epitomised in Frank Lloyd Wright’s plan for Broadacre City (1958), within 
which everyone could afford to have a house on an acre (0.4 ha) plot of land and get 
around by private car. According to Register (2002), this set the seeds in the USA 
of an intellectual and aesthetic justification for urban sprawl. Fishman (1990) was 
especially critical of the gridiron layout, deeming it to be ‘boundless by its very na-
ture, capable of unlimited extension in all directions … it is destroying the freedom 
of movement and access to nature that were its original attraction’.

Landscape Urbanism was particularly critical of the ideas behind the concept 
of ‘New Urbanism’, deeming them to be seeking permanence through the revival 
of traditional, outmoded urban forms and being anti-car. Further, they considered 
that, all too often, ‘landscaping’ in towns and cities tended to promote a form of 
the ‘romantic’ or ‘picturesque’, rather than up-to-date modern, contemporary ur-
banism, whilst pursuing an undeliverable version of nostalgic ‘naturalness’, based 
on the mistaken assumption that we can somehow bring back past ecosystems by 
removing invasive species and replanting native ones. This over simplistic view of 
the world, according to the promoters of Landscape Urbanism, ignored the fact that 
environmental stability is an illusion (Botkin 1990). Landscape Urbanists firmly 
believed that they were in quest of a new urban aesthetic that had the potential to 
be the solvent that would break down the barriers between the professional disci-
plines—Tatom (2006) stating that the intellectual promise of landscape urbanism is 
‘to integrate the conceptual fields of landscape architecture, civil engineering and 
architecture for the design of the public realm’.

Moderate critics of Landscape Urbanism have considered it to be only a réchauf-
féd version of Ebenezer Howard’s early twentieth-century ‘Town-Country’ idea 
which, at the time, was a new hybrid landscape type that brought together the ad-
vantages of both town and country life, allegedly without any of the dis-benefits, 
and was the subsequent foundation of the Garden City Movement in the UK. Fiercer 
critics deem it to be a concept only dreamt up to impress an academic elite, to be full 
of impenetrable jargon, dubious philosophy and unhelpful imagery, and thus fail to 
communicate adequately to the very people who might make it a viable approach 
to sustainable urbanism—politicians and decision-makers, fellow professionals or 
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the general public—and therefore is of limited use in the urgent quest to plan and 
deliver sustainable urban futures. Even Charles Waldheim, one of the key promot-
ers of Landscape Urbanism, willingly concedes that ‘the urban form promised by 
landscape urbanism has not yet arrived’ (Waldheim 2010).

It cannot be denied that, whilst there are many aspects of the concept of Land-
scape Urbanism that deserve detailed scrutiny and support in the quest for a more 
enlightened approach to developing sustainable futures, a wholesale application of 
the American concept of Landscape Urbanism to address the current European is-
sues with, and aspirations for, developing sustainable urban futures would seem not 
to have many significant advantages and would have an uncomfortable fit with the 
policies being promoted and pursued by the EU. The American landscape and the 
relatively recent development of the towns and cities in the history and culture of 
that country are in stark contrast to the history, culture and development over many 
centuries of the European landscape, both urban and rural.

The European Union is very firmly of the view that the concept of ‘Natural Capi-
tal’ has to be an integral part of the drive towards smart, sustainable and inclusive 
growth, an EU priority for 2020 (European Union 2010)—something that would 
not be acknowledged in the current Landscape Urbanism ethos. Thus, whilst there 
are commonalities on both continents with innovative projects successfully con-
fronting the issues of sustainable development and sustainable futures, and some of 
the ideas behind Landscape Urbanism undoubtedly have a significant part to play in 
this, perhaps a European version of Landscape Urbanism needs to evolve, as it did 
with urban forestry over a decade ago?

The idea that the future economic, environmental and social success of Europe is 
inexorably bound up with nature-based solutions and viable sustainable towns and 
cities has been high on the European Union’s agenda for many years. References 
to such issues can be found in many of the debates and discussions that have taken 
place within the European Commission for several decades, but it was with the 
Habitats Directive and the establishment of Natura 2000—an EU-wide network of 
nature protection areas promoted as a form of green infrastructure—that such mat-
ters became enshrined in law as Directives (European Commission 1992).

Under paragraph three of Article 249 EC, a Directive is deemed to be binding 
upon each Member State to which it is addressed, whilst leaving the National Au-
thorities the choice of form and methods for implementing the Directive in ques-
tion. The fact that the European Union takes the issues surrounding ‘nature’ and 
green infrastructure very seriously can be established by the fact that, between the 
issuing of the Directive in 1992 and 2006, a total of 59 cases for infringement of the 
Directive, in one way or another, had been referred to the ruling of the European 
Court of Justice.

In spite of the above and the increased opportunities that this initiative has pro-
vided for the creation and preservation of areas of ‘green’—some 20 % of European 
Union territory has been protected as part of the Natura 2000 initiative—the Euro-
pean Union concluded that significant progress had not been made in integrating 
biodiversity into other sectoral policies relating to the conservation and restoration 
of biodiversity and ecosystem services in the wider European Union countryside, 
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or with reinforcing the compatibility of regional and territorial development with 
biodiversity in the European Union. Perhaps the policy was too focused on the 
countryside, and the concept of green infrastructure needed to be broadened to ap-
peal to urban areas?

A revised concept of green infrastructure was originally set out in the report 
‘Towards a Green Infrastructure for Europe’ (European Union 2007) and backed 
up a year later with a special report entitled ‘Building a Green Infrastructure for Eu-
rope’ (European Environment Bureau 2008), which expanded the concept of green 
infrastructure to encompass issues that also affected urban areas, including climate 
change, economic viability, the health and well-being of the population and sustain-
able development. Several definitions of ‘Green Infrastructure’ have emerged from 
the European Union, but it is now generally deemed to be defined as:

a strategically planned network of high quality natural and semi-natural areas with other 
environmental features, which is designed and managed to deliver a wide range of ecosys-
tem services and protect biodiversity in both rural and urban settings (European Commis-
sion 2013a).

Even though it has been estimated that in excess of 1000 km2 of land is swallowed 
up annually in Europe by housing and grey infrastructure (European Commission 
2013), the European Union is well aware that the concept of green infrastructure/
urban green infrastructure does not constitute a ‘one size fit all’ approach applicable 
to all cities or city regions. It acknowledges that green infrastructure can make a sig-
nificant contribution in the areas of regional development, climate change, sustain-
ability and human health, [and] happiness and well-being, and that what is needed 
now is to ensure that it becomes a standard part of spatial planning and territorial 
development, and that it is fully integrated into these policies. It therefore advocates 
green infrastructure to be applied through the national, regional and local appli-
cations of existing European Union initiatives, such as the Integrated Sustainable 
Urban Development Initiative in the 2014–2020 Cohesive Plan, the Cohesion Fund 
and the Connecting Europe Facility, to name but a few.

For example, innovative initiatives have developed in Europe where a clash 
between green infrastructure and grey infrastructure has taken place, particularly 
where the movements of wildlife have come into contact with human-made bar-
riers such as highways and railways. The first wildlife crossings were created in 
France in the 1950s, but these become much more sophisticated in the late 1960s/
early 1970s and have now been constructed extensively in the Netherlands, Ger-
many, Switzerland and France to reduce the conflict between wildlife using the 
green infrastructure and roads, highways and other aspects of ‘grey’ infrastructure. 
The Netherlands can boast of over 600 such structures, the longest being an ecoduct 
called the Natuurbrug Zanderij Crailoo, which is over 800 m long and 50 m wide 
and carries green infrastructure over a railway line, a business park, a river, a road-
way and a sports complex (Danby 2004). Similar ideas are now emerging in Canada 
and the USA.

It has been acknowledged, however, that the development of green infrastruc-
ture/urban green infrastructure is at a crossroads in the European Union (European 
Commission 2013). In spite of the fact that more and more green and urban green 
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infrastructure projects have been carried out over the past 20 years or so, and a 
wealth of experience has been accumulated that demonstrates that a flexible ap-
proach is both sound and cost-effective, the quality of human health and well-being 
within our towns and cities is generally decreasing (European Environment Agency 
2013). It may be, however, that the potential of green/urban green infrastructure to 
deliver increasingly cost-effective solutions and improvements to our urban prob-
lems can be further increased by developing appropriate technology and processes, 
particularly in relation to the design and functioning of our towns and cities. Not 
only do our ‘Cities need green in sizes S, M, L and XL—otherwise the human eco-
system is incomplete’, as Peñalosa has so poetically suggested (Peñalosa 2014), but 
also we need ‘intelligent’ resource-efficient buildings and grey infrastructure that 
can deliver the environmental, sustainable, social and health benefits that are so 
often lacking in the current approaches to urban design in Europe (European Com-
mission 2012). Might this be the opportunity for Landscape Urbanism to raise its 
profile in Europe?

In 2010, Topos, an influential international journal published in Munich to re-
view matters to do with landscape and urban design, devoted a themed issue to the 
concept of Landscape Urbanism (Topos No 71 2010). The editor, Robert Schäfer, 
prefaced the issue by saying that the aim was to ‘become more familiar with the 
ambiguous concept of landscape urbanism’. It only seemed to contribute to the 
bewilderment of fellow professionals however as to how Landscape Urbanism as 
practised could contribute creatively to European sustainable futures. But does it 
need to? It could be argued that significant progress is already being made across 
Europe as towns and cities heed the advice from the European Union from their 
Resource Efficiency Roadmap (European Union Communication (2011), which 
suggested that our cities need to share their ideas and experiences, as the failure to 
protect our natural capital and to give a proper value to ecosystem services will need 
to be more radically addressed as part of the drive towards smart, sustainable and 
inclusive growth, which is a priority for the European Union (Europe Union 2010).

A number of significant networks are already in existence, sharing both ‘good 
practice’ and, more importantly, ‘next practice’. For example, there are networks of 
‘green’ cities across Europe that are working to establish such practice and share 
knowledge in both local land use planning and habitat protection (see http://www.
capital-biodiversity.eu/44.html). One significant network, the Local Action for Bio-
diversity (LAB) programme (http://www.iclei.org/details/article/local-action-for-
biodiversitybiodivercities-lab.html), whilst having a worldwide remit, is champi-
oned by European cities such as Amsterdam, Barcelona, Bonn and Zagreb. Using 
the Local Action for Biodiversity platform, these cities work to share knowledge 
regarding urban biodiversity management and policy implementation, as well as 
local ecosystem services’ assessment reports targeted towards specific local and 
national needs.

The Council of European Municipalities and Regions (CEMR) has created a ref-
erence framework for sustainable cities integrating the task of biophysically green-
ing cities into a broader process of sustainable economic development, which is 
included in an online toolkit. The main objective of the sustainable cities framework 
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is to increase communication and knowledge sharing within and between European 
cities that are dealing with similar environmental policy challenges (see http://www.
ccre.org/en/activites/view/25). Thus, there is an increasing amount of evidence that 
cities are sharing expertise and policy tools to biophysically green their urban in-
frastructure across a broad spectrum, embracing everything from local initiatives to 
trans-European Union-orchestrated networks.

As has been discussed earlier in this chapter, the pace of urban change across 
Europe has been accelerating over recent decades, with a range of new ideas and 
concepts being promoted and a variable quality of results being achieved. What 
should be borne in mind, however, is that as new thinking takes place and new 
scenarios are established, they do not wholly replace the previous ideas but simply 
add another layer to our depth of knowledge. This applies as much to the concept of 
urban forestry as it does to anything else.

It has been argued by Simson (2008) that urban forestry began to emerge at the 
end of the twentieth century as a philosophical approach to having an overview of 
the planning, design, establishment and prospective management of the whole mo-
saic of a town’s, a city’s or even a region’s urban and peri-urban green space, and 
all the implication that that has to engaging with the associated social, economic, 
and environmental issues and strategies that are to be found there. Urban forestry 
is a ‘big idea’, and now that it is established and recognised in Europe, can it adapt 
and respond to the myriad of changes that are occurring across the urban stage of 
the continent, and if so, are there any good examples to consider? Indeed there are.

One area in Europe that has proved that such an approach is both feasible and ef-
fective is to be found in the Emscher region, the northern part of the Ruhr area in the 
state of Northrhine-Westfalia in Germany. The area was once the heartland of min-
ing and heavy industry in Germany, but once that declined after the end of World 
War II, a landscape of industrial wasteland, spoil tips and waste tips remained, often 
situated directly next to residential areas. Successful land recycling depends on a 
corresponding demand for real estate and land, but the ‘lunar landscape’ of this 
part of the state of Northrhine-Westphalia did not encourage economic investment. 
Thus, from 1989 until 1999, the Internationale Bauausstellung Emscher Park, a vast 
regenerative enterprise conducted by the State Government, achieved great success 
by demonstrating that the standard approach to regeneration is not always the most 
appropriate—it is sometimes necessary to evolve a new kind of approach. Such an 
approach in the Emscher region involved linking up new urban development with 
a new urban forest to revitalise the ecological, economic and urban fortunes of the 
area through the creation of collaborative partnerships with the 17 local authorities 
that governed the area, private industry, professional associations, environmental 
groups and local communities. In this mission, it was very successful, and today, the 
Emscher Landscape Park is one of the greenest urban areas in Europe. It covers an 
area of 450 km2 and stretches for 80 km from the Rhine near Duisburg in the west 
to Bönen in the east. Since the end of the International Building exhibition in 1999, 
more than 500 additional projects have been jointly planned and implemented by 20 
local authorities, two local authority districts, three district governments, the State 
of Northrhine-Westphalia, the Regionalverband Ruhr, the Emschergenossen-schaft 
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and the Lippeverband (the latter two enterprises both being water companies). This 
support and activity has confirmed the success of the extremely innovative ap-
proach taken to urban regeneration in this region and has added significantly to the 
profile of the Emscher Landscape Park as a trailblazer in promoting the concept of 
Landscape Urbanism in Europe (Simson 2005).

Innovative developments have continued apace in this region. At the end of 2007, 
the 35 cities and three counties that comprise the Ruhr area adopted the ‘Concept 
Ruhr’, an initiative to further advance the sustainable urban and regional develop-
ment across the whole area. This focuses upon five ‘ruhrbasics’ as guidelines for 
sustainable development over the next 10 years, one of which is ‘ruhrcities’—the 
quality of the city centres and the city districts. The original regenerative develop-
ments were a catalyst for the subsequent large financial investments currently tak-
ing place and being planned by the international private sector, so that the future 
Concept Ruhr developments will not require any public funding for their implemen-
tation, including the sports, leisure and tourist facilities that are being planned, as 
well as the green and sustainable industrial developments that are flooding into the 
area (Seltmann 2007).

It can be argued therefore that such a far-reaching, comprehensive, integrated 
and successful project as the Emscher Landscape Park, with its viable mix of urban 
green infrastructure, urban forestry and sustainable habitation, infrastructure and 
industrial development, combined with a more radical approach to all levels of gov-
ernance, could be deemed to be a powerful example of the potential of a Landscape 
Urbanism approach to sustainable development and urban futures in Europe.

More recent examples involving green governance initiatives and the implemen-
tation of urban forestry to improve the quality of city life have been taking place in 
Montpellier, France. Montpellier is a city with about 260,000 inhabitants, and the 
population grew by some 22.5 % between 1990 and 2012, challenging the existing 
green space. The initiatives shown and progress made by this city with its adopt-
ed green vision and revised forms of governance, whereby the city administration 
works closely with citizens by establishing long-term partnerships, is a convincing 
example of Landscape Urbanism in practice.

Since the 1970s, the city of Montpellier has been working constantly on improv-
ing the quality of life of its inhabitants. In 1994, the city adopted a charter for the 
improvement of its urban and peri-urban environment, including aspects addressing 
the protection and improvement of existing urban landscape. Since the 1990s, the 
city has been working on promoting public participation in the governance of the 
city in the form of surveys, interviews, events, interactive websites and participation 
in projects and a wide range of communication tools.

The city has 741 ha of public green space that covers 13 % of the total area. In 
addition, there are over 80,000 street trees, and although the planning and manage-
ment of urban and peri-urban green spaces are responsibility of the municipality, 
data and information on the green spaces and urban and peri-urban forests are pub-
licly available and constantly updated.

The city has adopted ‘The management reference to improve urban planning’ 
(AURA), which is essentially a handbook and a strategic tool based upon some 
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30 indicators and organised into 9 areas, that act as guidelines for the sustainable 
development of the city. These indicators relate to a number of issues associated 
with green space, including the maintenance of the ratio of the green space area and 
the total area of the city, the proximity of green space, the provision of connectivity 
between green spaces within the district, the number of plant species per ha, and the 
ratio of the total canopy cover generated by trees to the open area in any given sec-
tor of the city. The city’s strategy is to open private green space for public use, and 
thus, from the 1970s onwards, the Montpellier authorities have been buying private 
properties for this purpose (Besse et al. 2014).

Other innovative initiatives have been taking place across Europe that could also 
be deemed to be assisting the development of a European Landscape Urbanist ap-
proach to sustainable futures. One of the best examples perhaps is the annual Eu-
ropean Green Capital Award, which was set up as a result of an initiative taken on 
15 May 2006 in Tallinn, Estonia, by 15 European cities—Tallinn, Helsinki, Riga, 
Vilnius, Berlin, Warsaw, Madrid, Ljubljana, Prague, Vienna, Kiel, Kotka, Dartford, 
Tartu and Glasgow—together with the Association of Estonian Cities. This award 
was officially launched by the European Commission in 2008 and aims to credit and 
acknowledge cities with more than 100,000 inhabitants that are actively involved in 
the protection of nature and biodiversity through the planning, design and applica-
tion of sustainable urban development. Cities that apply for the award are assessed 
on 12 indicators of their sustainability:

• Local contribution to global climate change
• Transport
• Green urban areas
• Noise
• Waste production and management
• Nature and biodiversity
• Air
• Water consumption
• Waste water treatment
• Eco-innovation and sustainable employment
• Environmental management of the local authority
• Energy performance

The European Union recognises the importance of promoting and exchanging good 
practice amongst these cities, thus influencing the generation of ‘next practice’ 
and rewarding their efforts to provide increasingly sustainable living areas whilst 
reducing their impact on the global environment. Most importantly, these cities are 
seen as role models for other cities to emulate and for raising the awareness lev-
els concerning urban sustainability issues. Whilst other intercity networks do ex-
ist—for example the Local Government for Sustainability (ICLEI), the Covenant 
of Mayors, URBACT and EUROCITIES—where cities can discuss and exchange 
good practice, this award acts as an incentive for cities to ‘get their act together’. It 
is prestigious, as rewarded cities get more publicity and more tourists, and people 
like to live and work there, thus helping to improve the local economy. Stockholm 
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was granted the first European Green Capital Award in 2010, followed annually 
by Hamburg, Vitoria-Gasteiz, Nantes, Copenhagen and this year (2015) the city of 
Bristol. In 2016, the mantle will be handed over to Ljubljana. Much can be learned 
by considering the activities and applications of the winning cities (see http://
ec.europa.eu/environment/europeangreencapital/).

In 2012, for example Vitoria-Gasteiz, the capital city of the Basque Autono-
mous Community in the province of Álava, Northern Spain, won the Green Capital 
Award. It has more than 30 % of public green areas, and all citizens live within 
300 m of public zones and green spaces. These are interconnected into a green net-
work that extends over the entire city and connects with the Green Belt. Between 
1974 and 2010, the area of green space doubled, and the city now boasts 20.2 m2 of 
green area per inhabitant—46 m2 if the area of the Green Belt is taken into account 
and there are in excess of 130,000 street trees. The concept of the Green Belt started 
in the 1990s and currently comprises 727 ha. The project is still ongoing, and also 
embraces restored previously degraded areas.

The proposed target size of the Green Belt area is almost 1000 ha, and this is 
significant for both its environmental (Natura 2000 and wetland area protected by 
Ramsar Convention) and its social services, which encompass a variety of recre-
ational opportunities, including more than 47 km of pedestrian and bicycle routes.
In 2010, it was visited by 651,000 people, whilst 32,700 people took part in the 
educational and environmental awareness activities. The urban forest covers about 
one-third of city area, representing 465 m² of forest per inhabitant. It is mostly 
publicly owned, and more than 90 % is natural forest. Several forest areas are in-
cluded within the Natura 2000 Network. This Green Belt project was selected as 
best practice in the 2000 and 2004 Dubai International Award for Best Practices in 
Improving the Living Environment.

In 2003, three new by-laws were approved, one of which relates to the manage-
ment and protection of the urban forest and trees. Digital inventory was created to 
facilitate and improve the management and maintenance of the green urban zones. 
The city pays great attention to the connectivity between the natural systems of the 
city and tries to minimise habitat fragmentation through, for instance, the consolida-
tion of the Green Belt.

The city implements campaigns and environmental awareness programmes, such 
as ‘Adopt a tree and grow with it’, which has been in place since 1996, as well as an 
‘Ecological Horticulture Programme’, which is a workshop linked with community 
gardens and also raises awareness of endangered species, such as bats. The city has 
developed educational material for teachers and children aimed at significantly rais-
ing the levels of environmental awareness.

Vitoria-Gasteiz is part of a number of international networks of cities, such as 
the Covenant of Mayors, which it joined in 2009. It also signed the Green City 
Declaration in 2005, during the San Francisco Urban Environmental Accords of the 
United Nations Environmental Programme (UNEP). The Green City Declaration 
drew together some 21 actions related to seven key areas—energy, waste reduction, 
urban design, urban nature, transportation, environmental health and water—with 
the explicit goal of implementing as many actions as possible until a review of prog-
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ress held in 2012 (City Green Star Programme). More information on the sustain-
able urbanism stance taken by Vitoria-Gasteiz and its contribution to the concept 
of European Landscape Urbanism can be obtained from http://www.vitoria-gasteiz.
org/we001/was/we001Action.do?idioma=en&accion=anilloVerde&accionWe001=
ficha.

Nearer home, the UK City of Bristol has won the European Green Capital Award 
in 2015. The city, with a population of about 500,000 people, is one of the greenest 
cities in the UK and the country’s most energy- and carbon-efficient city. About 
20 % of the population walk to work each day, and over 90 % of the population live 
within 300 m of an area of green infrastructure.

A green infrastructure creates a network of multifunctional, interconnected 
green spaces throughout the city, and the value of planning, maintaining and en-
hancing connectivity for recreation, active travel and adaptation to climate change 
and biodiversity is fully recognised. The green infrastructure covers approximately 
1600 ha—31 % of the city area—and comprises eight nature reserves and more 
than 400 parks. Eleven of these parks have won United Kingdom Green Flag 
Award status, and the city won the gold award in the Entente Florale competition 
in 2012.

A statutory land use planning policy relating to the Strategic Green Infrastruc-
ture Network shapes land use decisions and developments in Bristol. Urban sprawl 
has been limited by cooperation with neighbouring municipal areas. This ‘West of 
England Partnership’ ensures that strategic housing, transport and green infrastruc-
ture are coordinated with adjoining authorities and that growth is focused, as far 
as possible, on existing centres and brownfield land. Over the past 10 years, 98 % 
of business development and 94 % of housing development have taken place on 
brownfield sites, creating high-density, mixed-use neighbourhoods.

Bristol has been chosen as the first city in the world to launch a new international 
initiative called One Tree Per Child. This was launched in February 2015 by Olivia 
Newton-John, a well-known Australian environmentalist and entertainer, and will 
involve 36,000 children from the 130 primary schools in the city planting at least 
one tree each. There is no cost attributable to the schools—the costs are covered by 
the city authorities. The Mayor of Bristol has said that ‘Bristol’s role as European 
Green Capital for 2015 makes us the ideal city to adopt this vision. Planting trees is 
a great way for school children to connect to the environment and their local com-
munity. As a child’s tree grows, their commitment to the environment and their local 
community grows as well’.

(George Ferguson, Mayor, pers comm.)
Governance and community engagement are key issues for this city. The city 

actively engages with communities in land use planning and the planning, design 
and management of green areas and has devolved significant decision-making pow-
ers to Neighbourhood Partnerships. In line with UK Government legislation (The 
Localism Act 2011), Bristol is in the vanguard of Neighbourhood Planning in the 
UK, with several Neighbourhood Planning Forums in place and over 25 local resi-
dents planning groups. Additional information that supported Bristol’s application 
for Green Capital Status and the promotion of the concept of landscape urbanism 
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in the UK can be obtained from two websites—http://www.bristol.gov.uk/sites/de-
fault/files/documents/planning_and_building_regulations/planning_policy/local_
development_framework/Adopted%20Bristol%20Core%20Strategy.pdf and http://
www.bristol.gov.uk/page/bristol-parks-and-green-space-strategy.

The European Green Capital Award for 2016 has been awarded to Ljubljana, 
the capital of the Republic of Slovenia and home to about 280,000 inhabitants. The 
city has gone through very significant changes over the last decade or so on its way 
towards promoting and achieving sustainability, and the reward for making such 
significant progress with this is gaining the title of European Green City Capital.

Major improvements have been made in local transport and bringing the city 
centre back to being dominated by pedestrians. Ljubljana has made equally impor-
tant progress related to green space and today can boast of 560 m2 of green area per 
inhabitant or 542 m2 of public green space. In the compact part of the city, there 
is 106 m2 of green area for each inhabitant, 66 m2 of which is in the public realm. 
Almost all residential areas lie within a 300 m radius from public green space. More 
important than the amount of green space per capita is the even distribution of 
green space across the city. Green wedges act as links between the city centre and 
the hinterland and are considered to play a significant role in the climate regulation 
of the city. In the last few years, five new parks covering a total of 40 ha have been 
added, mostly as a result of the renovation of degraded areas, such as the Stožice 
Sport Park which replaced an old gravel pit.

The backbone of the Ljubljana Green System is the Path of Memories and Com-
radeship that was started in 1946. It is continuous, tree-lined avenue with 7000 trees 
and is very popular for sports and recreation activities. The Path lies along the line 
of the former barbed wire barrier which was erected during the World War II, was 
completed in 1985, and is continuously upgraded. Today, it is 34 km in length and 
comprises 166 ha of green space.

The internationally awarded project ‘Renovation of the Banks and of the River 
Ljubljanica’ is a great example of urban rehabilitation in Ljubljana, and the project 
received a European Prize for Urban Public Space in 2012. The River Ljubljanica 
runs like an artery through the heart of the city, along which various opportunities 
are provided for citizens. These include walking and cycling areas, and cultural and 
socialising opportunities, such as reading points or so-called the ‘Library under 
the Trees’. Another project ‘Revitalising the Embankments of the River Sava’ has 
added 20 ha of public space and will be enriched with new sports and recreational 
infrastructure.

Despite the increase in urbanisation, Ljubljana has almost 50 % of its entire area 
covered with natural forests. The international project EMoNFUr developed guide-
lines for managing such urban forests that are recognised as being more under pres-
sure than forests outside urban areas. A monitoring methodology was proposed to 
better understand the processes taking place in urban forest ecosystems, which is 
very necessary for their preservation. When we think about cities, biodiversity is 
not usually at the top of the agenda, but, in reality, urban areas can harbour valuable 
sites important for biodiversity conservation. In Ljubljana, there are several Natura 
2000 sites, and in total, more than 20 % of the area has nature protection status. In 
addition, 1400 ha of forest has recently been declared as special-purpose forest. 

http://www.bristol.gov.uk/sites/default/files/documents/planning_and_building_regulations/planning_policy/local_development_framework/Adopted%20Bristol%20Core%20Strategy.pdf
http://www.bristol.gov.uk/sites/default/files/documents/planning_and_building_regulations/planning_policy/local_development_framework/Adopted%20Bristol%20Core%20Strategy.pdf
http://www.bristol.gov.uk/sites/default/files/documents/planning_and_building_regulations/planning_policy/local_development_framework/Adopted%20Bristol%20Core%20Strategy.pdf
http://www.bristol.gov.uk/page/bristol-parks-and-green-space-strategy
http://www.bristol.gov.uk/page/bristol-parks-and-green-space-strategy
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Urban planning policy regarding green and open space areas aims at protecting the 
existing vegetation cover that is currently almost 80 % of the city and keeping the 
minimum of 50 % of green space on parcels planned for construction.

Ljubljana collaborates with non-governmental organisations and volunteers in 
small projects aimed at improving the quality of life in local communities by the 
active involvement of citizens. One of these projects is the ‘Labyrinth of Art’, which 
comprises trees planted by citizens where each person has an opportunity to be-
come responsible for their tree. Another example is providing garden allotments for 
citizens on land owned by the city or temporary gardens on unused agricultural or 
construction land. The City co-finances many civil society projects related to the 
removal of invasive species, the implementation of measures for the conservation 
of endangered species and the provision of interpretative trails. Citizens, especially 
children, have been involved in raising awareness activities related to endangered 
species in Ljubljana. Additional information on the green infrastructure, governance 
and success of the Ljubljana story can be obtained from http://www.ljubljana.si/en/
green-capital

An investigation into both the winners of, and the cities shortlisted for, the Eu-
ropean Green Capital Award scheme, where ideas of green infrastructure and ur-
ban green infrastructure have to be incorporated into both their policies and their 
application for the award, has yielded valuable insight into both urban green in-
frastructure policy and application. These key European cities place a high value 
on the urban setting for people, places and investment as the nucleus of European 
human culture, and several common themes emerge from an interrogation of the 
above studies in their pursuit of sustainable development and, arguably, European 
Landscape Urbanism.

They all exhibit, for example, an integral approach to planning for sustainability 
and having criteria and indicators in place for monitoring and evaluating the prog-
ress of these indicators, as well as trying to minimise the loss of biodiversity and 
green space due to urbanisation and development. They have positive policies in 
place to revitalise old industrial areas and wasteland in order to provide new ser-
vices for their citizens, usually for recreational purposes.

Another feature of these Green Capital Award Cities is their emphasis on the re-
vitalisation of riverbanks wherever possible and the protection of wetlands. This is 
primarily for biodiversity, nature conservation purposes and flood alleviation, but it 
also assists with improving the connectivity between their green space and, in some 
cases, their green and blue infrastructure. This pursuit of connectivity also assists 
with policies to meld green infrastructure with their urban forestry in order to help 
with delivering a sustainable approach to urban development.

A key feature of these Green Capital Award Cities is the desire to include their 
citizens, whenever possible, in the planning, design, implementation and manage-
ment of green space projects and a belief in devising and applying revised forms of 
governance to assist in delivering such policies. Governance can, of course, mean 
many things to different people. In its broadest sense, governance is ‘any effort to 
coordinate human action towards goals’ (Rayner et al. 2012). Governance involves 
certain actors, whilst at the same time other may be excluded, depending on the 
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rules of the game, and it takes certain resources such as money, time, human skills 
and expertise, to achieve the desired goals.

Governance is a broad and ‘elusive’ concept, according to some (Arnouts et al. 
2012) and it needs to be deconstructed to be analysable. There is consensus in the 
literature on what the key attributes (concepts) are and the processes that charac-
terise good governance. Generally, governance is considered to be good if all the 
relevant stakeholders are involved in the process, the decision-making is transpar-
ent, and there is accountability of actors, especially the decision-makers, the rule 
of the law and predictability. It also implies the effective and efficient management 
of resources, and a fair and equitable allocation of resources and benefits (Food 
and Agriculture Organisation 2011). Governance often involves coordination and 
cooperation amongst state actors, the private sector, the public sector, the voluntary 
sector and civil society.

Discussions relating to the governance of sustainable development, green in-
frastructure and urban forestry are undeniably complex issues. So are the societal 
challenges that sustainable development, green infrastructure and urban forestry are 
addressing, such as improving the quality of life of urban residents, stopping biodi-
versity loss, climate change adaptation, the provision of various ecosystem services, 
fair and equal distribution of benefits to constantly growing urban population, and 
many more. Each and every one of these challenges cannot be simply solved by one 
actor. Society, in the broadest sense, has to be involved as a whole in the discussions 
as to what goals are going to be set, what activities are expected to enable these 
goals to be achieved, who would be responsible for these activities, and what inputs 
would be forthcoming from the various sectors and disciplines.

Also, global issues such as climate change cannot be limited to the administra-
tive borders of a city, a region or a state. These affect society on various levels, and 
hence, decisions for their mitigation have to be made on various levels. Therefore, 
such governance occurring on these various levels is called multilevel governance 
(Hooghe and Marks 2001).

The European Union is a typical example of multilevel governance. This means 
that some decisions are made on a European Union or supranational level (e.g. 
decisions on common currency), whilst other are left to be decided by Member 
States (on national or subnational levels). For example, responsibility for decisions 
on forest policy rests with each Member State, and the same applies to the gover-
nance of green infrastructure. The European Commission’s communication Green 
Infrastructure (GI)- Enhancing Europe’s Natural Capital (European Commission 
2013b) provides a definition on what green infrastructure is, why it is important and 
how it contributes to other European Union policies, as well as what should be done 
at a European Union level to encourage the implementation of green infrastructure.

The European Union’s guidelines and recommendations of what is considered 
to be good practice related to the implementation of green infrastructure are, how-
ever, non-legally binding (if the Natura 2000 network is put aside), or put simply, 
there is no redress if these recommendations are not implemented. But since green 
infrastructure is contributing to goals of other policies such as regional develop-
ment, climate change, biodiversity and nature conservation, the European Union 
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can support and promote its implementation through funding mechanisms. Other 
way of steering good practice is by providing incentives in terms of awards meant 
for those who act as role models, such as European Green Capital Award, as dis-
cussed previously, and the recently established European Green Leaf Award—see 
http://ec.europa.eu/environment/europeangreencapital/europeangreenleaf/index.
html for details of this award.

Despite the importance of urban forest and green infrastructure governance in 
providing many benefits to urban populations and thus major contributions to sus-
tainable development, research on urban forest governance is scarce (Krajter Ostoić 
and Konijnendijk van den Bosch 2015; Lawrence et al. 2013). James et al. (2009) 
in their review paper identified governance as an emerging theme and several key 
research questions for the field. A search of SCOPUS on 26 February 2015, one of 
the major bibliographic databases, on 26 February 2015 showed that when look-
ing for papers containing both terms ‘urban forest’ and ‘governance’ in their title, 
abstract and key words, the search results in only 16 hits, whilst a search for ‘green 
infrastructure’ and ‘governance’ resulted in 19 papers found.

Lawrence et al. (2013) a provide comparative framework for describing and 
comparing urban forest governance, based on the policy arrangement approach that 
comprises four elements—discourses, actors, rules and resources (Arts et al. 2006). 
The paper employs five various case studies from Belgium, Italy, Sweden and UK 
to test the framework which proved helpful for the description and comparison 
between different modes of urban forest governance and across different contexts. 
Analytical frameworks such as this cannot, however, provide information about 
the quality of the governance. Even though the five case studies presented in the 
paper are not representative at the European level, the authors identified a trend 
towards more ‘governance with government’ in comparison with the previous trend 
of ‘governance by government’, also known as top-down governance. This means 
that urban forest governance has become more inclusive in terms of public partici-
pation in decision-making, at least it is based on these examples.

Similar conclusions have been made recently by a research group within the 
European Union’s FP7 project Green Surge (ENV.2013.6.2-5-603567; 2013–2017), 
who produced a report on the governance of urban green spaces in 20 European 
Union cities (Buizer et al. 2015). The aim of the group is to identify and conceptual-
ise innovative participatory governance arrangements regarding the management of 
urban green infrastructure, based on the policy arrangement approach. They came 
to the conclusion that, besides traditional types of governance arrangements where 
government has the major impact on decision-making (governance by government), 
there are also examples of governance with government and interestingly but spo-
radic, informal, spontaneous activities without governmental influence (governance 
without government). However, green space projects involving non-governmental 
actors are often initiated and led by governmental actors.

It is not easy to make firm, all-embracing conclusions on how urban forest or 
green infrastructure governance works across Europe as a whole because it can dif-
fer widely between and within the individual countries (Britt and Johnson 2008). 
What we do know is that, in spite of the fact that Europe is in the vanguard of devel-
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oping new models of governance in the pursuit of sustainable development—one of 
the key differences between Europe and the USA in exploring the concept of ‘land-
scape urbanism’—there is a need for more research on urban green infrastructure/
urban forest governance, what modes of governance exist and what achieves the 
best results on the ground for successful sustainable development (Krajter Ostoić 
and Konijnendijk van den Bosch 2015; Bentsen et al. 2010).

Moving forward from the identified knowledge gaps in terms of the state of the 
art in studying the melding of the concepts of urban forestry and urban green infra-
structure, COST action GreenInUrbs has been initiated by the European Union, par-
tially to address these gaps. The COST Action started in 2013 and gathers together 
researchers and practitioners from over 35 countries. Amongst the many goals of 
the Action are ‘to provide indicators and/or thresholds to be included by policy 
makers in local, national or international regulations about green infrastructure 
and urban forests’ and ‘to develop guidelines for GI planners and managers on 
how to implement green infrastructure approaches with an emphasis on linking the 
environmental and social services of urban forests’. For additional information, see 
http://www.cost.eu/COST_Actions/fps/Actions/FP1204.

One of the working groups of this COST Action is dedicated to specifically 
studying the governance issues associated with urban forests and (urban) green in-
frastructure and its potential contribution to the delivery of sustainable develop-
ment. Information from all Member States is being collected and analysed to enable 
guidelines for policy- and decision-makers to be produced by 2017 relating to the 
role of urban forests when planning, designing, establishing and managing green 
infrastructure as a metaphysic for sustainable urban development—and Landscape 
Urbanism?

Whilst predicting the future is not an exact science, in spite of the popularity of 
reading our horoscopes in our daily newspapers, one thing can be relied upon and 
that is that one of the biggest problems that we face internationally, nationally and 
locally is the matter of urban change. As has been discussed earlier in this chapter, 
towns and cities across the continent of Europe will be subject to constant change 
over the coming generations, and it is likely that no area will be immune from the 
forces that bring this change about. Indeed, as the twenty-first century progresses, it 
is very likely that the pace of change will quicken, and this will bring about a num-
ber of readjustments to urban areas (Brotchie et al. 1995), including the approach to 
creating and maintaining sustainable development.

Since the publication of the Green Paper on the Urban Environment in 1990 (Eu-
ropean Union 1990), urban densification has been advocated as the way to create 
more mixed land uses and related multifunctional and livable open space environ-
ments, whilst protecting existing areas of open space within urban areas and sav-
ing peri-urban green space and ‘natural’ areas from urban encroachment—in short, 
sustainable developments. All too often, this has not been successful however as in 
spite of the fact that contemporary urban design policies at both international and 
national levels advocate versions of the Compact City as a strategy to address urban 
sprawl and achieve a more sustainable approach to urban development, European 
cities are expanding at an increasing rate.
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Neuman (2005) has called in to question the whole concept of the compact city, 
suggesting that the evolution of the planning profession at the end of the nineteenth 
century was largely due to the need to improve the health and well-being of urban 
inhabitants by relieving the overcrowding of the industrial towns and cities by let-
ting in more light, air and ‘green’, the results of which have been largely successful, 
until now. Faced with the current issues of increasing urban sprawl, the political 
response now seems to want to reverse these ideas and ‘recompact’ the city. He also 
questions whether cities can really be sustainable at all, as they have always been 
dependent upon their hinterlands and distant counterparts for food and trade.

There is also a growing amount of research that suggests that contemporary ur-
ban design is not creating the ‘livable cities’ that it claimed it would. Adverse health 
issues are significantly on the increase for urban inhabitants. Air pollution from mo-
tor vehicles for example is on the increase across Europe and is causing many pre-
mature deaths, and in the UK the use by children of the outdoors has shrunk by 90 
% over the past 30 years, partly influencing an increase in childhood obesity. Thus, 
as has always been the case, those people who can move out of the city have been 
doing so, with the result that the urban footprint has been increasing significantly, 
which cannot be deemed to be ‘sustainable’.

The advent of the concept of green infrastructure, initially as a counter to the 
loss of ‘nature’ and ‘natural landscapes’ and, more recently in conjunction with the 
concept of urban forestry as a counter to the more negative aspects of urban devel-
opment, has been of some success. There is also a growing canon of research that 
proves that the inclusion of trees in and around the city has great benefits. We now 
know that trees can improve our health and well-being, improve learning, increase 
property values, provide focal points to improve social cohesion, improve air qual-
ity, offset carbon emissions, promote biodiversity, limit the risk of flooding, cool 
our towns and cities, promote inward investment and job creation and even make us 
drive more safely (Konijnendijk et al. 2005).

Both urban design and green infrastructure are at a crossroads, however, in Eu-
rope, as the quality of urban life continues to decline, cities continue to expand 
as a result, sustainability is at best static, whilst green infrastructure, urban green 
infrastructure and urban forestry are still perceived, in some circles anyway, to be a 
‘green cosmetic’, rather than the first principal that they really are. Might the time 
be opportune therefore for a new concept to emerge that champions sustainable 
development by bringing together built form, grey infrastructure, blue infrastruc-
ture and the broad concept of green infrastructure into an all-embracing, transdisci-
plinary approach to urbanism, and might that concept be Landscape Urbanism, or a 
European version of the idea?

There are those who say that we really do not need another ‘-ism’ for sustainable 
development to be the norm. We already know enough to enable us to deploy the 
concept, and there are clearly some very good examples across Europe where this is 
the case—in the European Green Capital Cities for example. That said, there does 
arguably need to be further refinements of our approach to sustainable develop-
ment, not least out definition of ‘nature’.
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As discussed previously, the original ideas behind green infrastructure were to 
limit the detrimental effect of urban development and grey infrastructure upon ‘na-
ture’, an idea that was later modified to assist with bringing ‘nature’ into the urbs 
for the benefit of the urban population. What this suggested, however, was that hu-
man being were not really part of nature, but at best interested onlookers and that 
somehow we could emulate aspects of the natural world in and around our towns 
and cities. Clearly, this is not the case, nor has it been for some while.

Just as urbanism is changing, so is the ‘natural’ world. We need to accept and 
embrace the fact that, in the twenty-first century, there is an increasing variety of 
hybrid ecosystems developing across our landscapes and that they will influence 
sustainable development. They are the result of the interacting forces of urbanisa-
tion, globalisation, and climate change and are made up of organisms that have 
been brought together by the removal or modification of barriers that have kept 
them apart for maybe millions of years. Such hybrid eco-systems are not only to 
be found in and around our towns and cities, but also in many of the landscapes 
that have been disturbed by intensive agriculture, industrial processes and mining, 
and it is unrealistic to assume that we can turn the ecological clock back to bring 
‘nature’ back into our cities any more than we can turn back the economic clock 
that created these disturbed landscapes in the first place. Barker has described these 
eco-systems as comprising ‘recombinant ecology’—in other words ‘learn to love 
the alien’ (Barker 2000).

Thus, just as there is a need for us to accept a hybrid series of contemporary 
eco-systems to assist us with developing a sustainable approach to our landscapes, 
it could be argued that we also need to accept an all-embracing, transdisciplinary 
hybrid approach to sustainable urban development—or better still, see them as dif-
ferent sides of the same coin.

The word ‘landscape’ is interesting, for as Jackson has stated:
Landscape is a compound word. As far back as we can trace the word, land meant a defined 
space, one with boundaries … Scape once meant a composition of similar objects … land-
scape is synthetic space, a man-made system of spaces superimposed on the face of the 
land. (Jackson 1984)

Thus, there is a need emerging for a responsive concept for planning, designing, 
constructing and managing sustainable development that is transdisciplinary, cost-
effective, and easy both to understand and communicate to all levels of the com-
munity. For a city to be successful, it has to have a critical infrastructure in place. 
This comprises sufficient energy, food, water, viable transport, telecommunica-
tions, public and emergency services, health and viable finance/economic activity. 
We now know, however, that this is not enough—what is also needed is a viable 
urban forest, a green infrastructure, a blue infrastructure, a hybrid ecological in-
frastructure, a mosaic of multifunctional green space, liveable communities and 
transboundary connections.

To guarantee a viable sustainable approach to European urban development, 
these infrastructures should perhaps be amalgamated into a transdisciplinary ‘in-
tegrated infrastructure’, whereby development cannot be deemed to be sustainable 
if an integrated infrastructure is not deployed? Such a concept could well be de-
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scribed as the European approach to Landscape Urbanism, where the landscape 
structure is not seen as superior to or a prerequisite of successful urban development 
but an equal partner in the quest for sustainable development and viable revised 
governance, so that our towns and cities regain their rightful position as centre for 
human creativity, innovation and quality of living. A fanciful theory perhaps—but 
as Lewin stated ‘There is nothing so practical as a good theory’ (Lewin 1951).
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Chapter 12
Sustainable Architecture Assemblages

Maria Theodorou and  David Turnbull

12.1  Part 1: Thesis

12.1.1  Architecture’s Lively Matter: A Thinking Device

Author: Dr Maria Theodorou, senior lecturer at The Leeds School of Architecture, 
director of the School of Architecture for All (SARCHA).

We can start our exegesis of architecture by the way of a commonplace, by em-
ploying an old fashion and almost ‘boring’ understanding of the discipline as a 
type of manipulation of ideas and matter. In such an understanding, architects seem 
caught in a platonic conceptual device between the immaterial realm of ideas and 
the material construction of the real; it is the mediation of a projection (project, 
drawing) that translates and transfers their inner vision onto the external word to 
materialize in the form of a building or any other architectural structure.

This understanding appears reductive and outdated, especially in the current 
technological condition of sophisticated design software, processes of scripting 
and state-of-the-art construction technologies and 3D printing. Architects visceral 
relation with the machines creates a thinking assemblage of human brain and com-
putational programmes in a nonlinear process; human bodies of architects and tech-
nicians, software, hardware and materials continually reconfigure ideas and matter 
and reshape the conceptualization and experience of our world. As a matter of fact, 
our planet is having a redesign. To paraphrase Latour (2008): Will Prometheus ever 
be cautious enough to redesign the planet in a sustainable way?
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Latour’s (2005a) actor network theory (ANT) and theories of new materialism, 
especially Jane Bennett’s Vibrant matter (2010), provide a valuable conceptual 
framework in thinking the redesigning of the world currently unfolding; their au-
thors put under scrutiny the category of ‘matter’ understood as inert entity; they, 
thus, challenge the standard architectural approach to ‘matter’ as an entity that has 
only instrumental value for the design and construction of various types of struc-
tures and infrastructures. Sustainable design guidelines and materials specifica-
tion—although they address performance—still largely remain within the Cartesian 
object—subject and anthropocentric conceptual framework.

Assemblage theory from Deleuze to De Landa (2006) to Latour (2005a) thinks 
through the organization of complex nonhierarchical systems. If we were to 
understand buildings as assemblages of human, technical, technological, organic 
and inorganic matter that are in a constant condition of vibrancy and emergence, 
another approach to architectural design unfolds. It was in fact Manuel De Landa’s 
new materialism that opened up the field in that direction; De Landa framed the 
understanding of performativity in architecture and provided the conceptualization 
of emergence, computational generative design and its potential to integrate sus-
tainable principles. Current architecture theory and practice has nevertheless been 
dominated by the discussion of materialism understood as a different technical—
technological way of manipulating matter and data. Sustainability policy in industry 
focuses on a consensual model of sustainable architecture practice; it ignores the 
complexity of assemblages implicated in the process. This approach has already 
been contested; the current debate on architecture sustainability has acknowledged 
the fact that its terrain is made up of heterogeneous and conflicting views (Guy 
2013).

Assemblage and new materialism theories emerged in other disciplines (Glynos 
2012) and signalled an ‘Affective Turn in Social Science’, as Chantal Mouffe phrase 
it in the recent Westminster CSD symposium (27 February 2015). Architecture is 
nevertheless always quick to exploit the rich terrain of interdisciplinarity to import 
concepts in its toolkit of invention. Our cities can be conceptualized accordingly 
and understood as complex assemblages in a condition of constant emergence. De-
sign for a sustainable future cannot but take onboard this complexity.

Theorists have also coined the term ‘anthropocene’ (Turpin 2013) to indicate 
our era as an identifiable geological strata on which human activity has imprint-
ed its presence by constantly reconfiguring the natural and built environment. If 
sustainability takes as a point of departure the human’s relation to nature and the 
human’s technical technological exploitation of natural resources, new theories of 
the environment (Harrison 2014) rethink and challenge this understanding: humans, 
nature and technologies cannot sit comfortably within given and distinct boundaries.

New materialism, assemblages, the anthropocene reframe in a fundamental 
way the humans’ relation to both nature and technology. This cannot but impact 
our views on the very constitution of the concept of sustainability (Goodbun and 
Jaschke 2012). The critique to new materialism, namely, that it produces a flat on-
tology in which humans are just one component in the assemblage and thus bear no 
responsibility whatsoever for their actions is counterbalanced by Latour’s (2005b) 
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matters of concern; the latter provides a tool for thought and action. But let us take 
a breath and go back to our opening outdated paragraph on architecture.

Is this fascinating redesigning/rethinking of the world in which architecture par-
takes, which makes the platonic conception of the architect as manipulator of matter 
and ideas boring? Is this the reason that the long-dropped aesthetic judgment, based 
on platonic beauty, has been substituted by the category of the interesting? For in-
teresting is what catches the attention of the bored individual.

Boredom is a condition of acute anxiety, manifested mainly in teenage years 
when adolescents are caught in the limbo between limited past resources (memo-
ries) and scarce future projections (visions). This teenage frustrating limbo has a 
name: it is called the present. Boredom is this condition of being caught in the pres-
ent, being contemporary with one’s own time. Boredom is a condition of modernity 
(Svendsen 2005) but as Latour argues, ‘we have never been modern’ (1993) and 
thus we return to it.

Nothing much is left of the scenography of the modernist theory of action: no male hubris, 
no mastery, no appeal to the outside, no dream of expatriation in an outside space which 
would not require any life support of any sort, no nature, no grand gesture of radical depar-
ture—and yet still the necessity of redoing everything once again in a strange combination 
of conservation and innovation that is unprecedented in the short history of modernism. 
(Latour 2008)

This boredom of the platonic model is the anxiety that we need to bear as we can-
not go back to the past reassuring dualism, back in a world that we were familiar 
with. Ordered categories of ideas and matter, each belonging to their realms, which 
humans—architects included—could traverse and manipulate. We cannot also run 
towards the future since there has been a rapid expansion of fields; predictions and 
visions are difficult and almost impossible. Since we dwell in the present, we have 
become, albeit not teenagers, but contemporaries.

The contemporary, according to Agamben (2009), is the one ‘who firmly holds 
his gaze on his own time so as to perceive not its lights, but rather its darkness’. 
As contemporaries, we can no longer be blinded by the shining materials and con-
voluted forms of impressive architectural achievements, or be concerned with the 
painstaking writing of universal sustainable architecture specifications and marvel 
at green buildings; our ‘off-cells’ peripheral vision is adjusted so that we already 
discern the shadows that creep and crawl and are inseparable from the shining lights 
in our cities. We have named them shanty towns or slums in the global south, or 
unaffordable housing in London.

Everyone is keen to escape the grim embrace of the present, to work out a vision 
of the future. The proliferation of initiatives, conferences and publication on future 
cities is telling and frantic. The current publication on Building Sustainable Fu-
tures: Design and the Built Environment is no exception; it partakes in this anxiety 
of the present. And this chapter reaffirms that the concept of sustainability has been 
already challenged, contested, and it is in the process of re-thinking.

The intertwining of future with sustainability was already there in plain view 
in the title of the Brundtland Report (1987), and the standard historical reference 
to the definition of sustainability, first introduced by the (United Nations General 
Assembly 1987). Agamben (2009) reminds us ‘to be contemporaries not only of 
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our century and the “now,” but also of its figures in the texts and documents of the 
past’. It is worth following his advice and rehearse the report’s title, ‘Our Common 
Future: Towards Sustainable Development’, and its well-known definition:

Sustainable development is development that meets the needs of the present without com-
promising the ability of future generations to meet their own needs. It contains within it 
two key concepts: the concept of ‘needs’, in particular the essential needs of the world’s 
poor, to which overriding priority should be given; and the idea of limitations imposed by 
the state of technology and social organization on the environment’s ability to meet present 
and future needs.

Sustainability was born as a Siamese twin of development. The UN text launches a 
cautionary remark, addressing the anxiety of its own time, the 1980s present. The 
concept of sustainability appears to cast a shadow on the notion of development, 
as an undisturbed process of modernization, but it immediately suppress it by the 
evocation of the future. The Brundtland Report signalled the moment of a reversed 
trend. As Saskia Sassen’s (2011, p. 24) statistics chart has revealed retrospectively, 
the equal distribution of resources was about to end and the redistribution of wealth 
meant a bumpy road ahead for sections of population that have enjoyed the imple-
mentation of welfare policies after the WW2 and were to be subjected to brutal 
expulsion.

In the 1992 Earth Charter Preamble, sustainability alone carries the future of a 
just and peaceful global society about to enter the twenty-first century.1 Rising con-
cerns about development and the revival of de-growth movement were sidestepped 
by the decoupling of sustainability from development; the former could deliver the 
future vision of cultural mix-bliss societies on a peace-ridden mother-earth; but 
already the anti-globalization movement was brewing. UN, however, never decou-
pled sustainable development in any of its subsequent documents. The pairing of 
sustainability with development has been interpreted as an oxymoron (Till 2012) 
but in fact, sustainable development is the name of a different logic, which makes 
perfect sense within the current pervasive mentality of control.

If, according to Michel Foucault, nineteen century early twentieth disciplinary 
state took care of its citizens and governed their bodies, current states do not care 
to impose order and discipline. As Gilles Deleuze vividly described in its 1990 
‘Postscript’, the disciplinary state has been substituted by a state that manages and 
controls. Agamben (2014) argues that the state is not interested in preventing crisis, 
but it is instead prepared to manage any crisis; the aim is not ‘…to maintain order 
but … to manage disorder’. Sustainable development is not an oxymoron but the 
lexicon of the management of a crisis, which has already happened. How can one 
keep living standards if, as we are told and experienced, we already live in failing 

1 “We stand at a critical moment in Earth’s history, a time when humanity must choose its future. 
As the world becomes increasingly interdependent and fragile, the future at once holds great peril 
and great promise. To move forward we must recognize that in the midst of a magnificent diversity 
of cultures and life forms we are one human family and one Earth community with a common 
destiny. We must join together to bring forth a sustainable global society founded on respect for 
nature, universal human rights, economic justice, and a culture of peace…”.
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systems, in a permanent condition of environmental, financial and humanitarian 
crisis? The fitting concept seems to be ‘survivability’ rather than sustainability.

The sustainability concept cannot be dissociated from the political context which 
invented it and still supports it. In Gilles Deleuze’s control societies (1990), ‘This 
is no longer a capitalism for production but for the product, which is to say, for 
being sold or marketed’. Sustainable development is promoted as a product to be 
marketed, not as a problem (in the sense of a project) to be solved. Gilles Clément 
(2013, p. 261) in his fierce critique of the ‘green business’ writes:

At no point has the problem of human suffering in the ‘planetary garden’ been confronted, 
but many give the impression of doing so. First of all, they communicate. The primary task 
of partisans of sustainable development is to establish a communication strategy. Words 
and images. Images above all. Make the aestheticized claim of a planet in crisis with pho-
tographs that are marvelous and tragic, taken from a bird’s eye views, or from afar—make 
books, speeches, proclaim good intentions—to change the climate, we will find the means. 
The technology of the twenty-first century is repositioned under the sign of sustainable 
development

Architects are not always attracted to theories and philosophers, but they are edu-
cated to become practitioners and understand sustainability as a technical issue, 
i.e., as a problem at hand to be solved by designing sustainable structures that can 
save resources. Architects contribute in building up a new green economy (Clément 
2013) and related industry. The coupling of sustainability to development makes 
perfect sense: New sustainable building materials are produced, new sustainable 
design principles employed. A new architecture field of study has opened up. Sus-
tainability was inserted in architecture education, shaping the curriculum.

The concept of sustainability seems rather settled within the technical discourse, 
even though there seems to be a controversy; as already mentioned, the consensual 
model of sustainability rules/guidelines, to be applied in practice-led building de-
sign, has been challenged by a call for a more inventive, flexible, fluid approach 
which emerges within the sustainability agenda in both practice (Guy 2013) and 
education (Austin 2013).

Sustainability is a much contested term, if we take away its camouflaging as a 
technical problem that asks for a specific solution. A problem—in the Greek sense 
of the word problema, has always a double meaning; it is something to put in front 
of one’s eyes as a project (projection) and at the same time, it operates as a shield 
behind which one takes refuge (protection; Derrida 1993).2 When sustainability is 
apprehended, within architecture, as a technical problem to be solved by prescrib-
ing appropriate design guidelines, the sustainability project resides within the safe 
haven of a problem intended as ‘protection’.

2 ‘…problema can signify projection or protection that which one poses or throws in front of 
oneself, either as the projection of a project, of a task to accomplish, or as the protection created 
by a substitute, a prosthesis that we put forth in order to represent, replace, shelter, or dissimulate 
ourselves, or so as to hide something unavowable –like a shield (problema also means shield, 
clothing as barrier or guard-barrier) behind which one guards oneself in secret or in shelter in case 
of danger’ (Derrida 1993, pp. 11–12).
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Nevertheless, criticism of sustainable architecture is manifested in an unlikely 
place, which appears to share the premise of sustainability, namely, the condition of 
depleting resources. The recent discussion on scarcity (Till 2012) is used to critique 
sustainable development and explore alternative ways of practice within the current 
austerity and scarcity conditions. When Jeremy Till (2012) argues that ‘Sustainabil-
ity thinking assumes that scarcities are inevitable and can be quantified, and that the 
way to handle these scarcities is through programs of reduction and control’; he, in 
fact, confirms the intertwining of the discourse of sustainability with the Deleuzian 
current state of the pervasive control logic.

It is worth noting that when building performance and post-occupancy evalua-
tions point to a failure of sustainable design, the tendency is to blame the unpredict-
ability of the human factor (Herring and Roy 2007), i.e. the buildings occupants 
whose behaviour defies control. Latour’s theory of ‘distributive agency’ in which 
the source of action, the ‘actant’, can be either human or inhuman and the under-
standing of Bennett’s matter as a vibrant condition, can provide a reframing of the 
sustainable architecture practice and education and bring forth the political aspects 
of alternatives.

‘In its broadest sense, the strategy for sustainable development aims to pro-
mote harmony among human beings and between humanity and nature’ reads the 
conclusion of the Brundtland Report (1987). And this is a reminder that not only 
there is no going back to the platonic conception of architecture and its dualism of 
matter and ideas, but we cannot rely either on a settled relation between humanity 
and nature.

Our past conceptual resources are depleted already, and we are condemned to 
the anxiety of the intense reflection of the present. This is not ‘a form of inertia or 
passivity, but rather implies an activity and a singular ability’. (Agamben 2009); this 
is the task that the authors of this chapter have undertaken in presenting and discuss-
ing instances of their practices and experiences in the present tense.

12.2  Part 2: Praxis

12.2.1  Waterbanks: A Case Study

Author: Professor David Turnbull, The Irwin S. Chanin School of Architecture 
at The Cooper Union for the Advancement of Science & Art, Design Director of 
PITCHAfrica and the Waterbanks Initiative.

Waterbanks is an Initiative of PITCHAfrica, a not-for-profit Design and Research 
group that I co-founded with Jane Harrison, and where I am Design Director. We 
work across the African continent, with some of the most disadvantaged communi-
ties in the World.

The premise is simple. Given the impact of Climate Change on weather pat-
terns, rainfall and other forms of precipitation might it be both necessary and desir-
able that building types are developed that can harvest and store as much water as 
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 possible, providing enough capacity that the increasingly erratic time divisions be-
tween the ‘rains’ can be ameliorated. Could this provide an incentive for the wide-
spread provision of locally based, dispersed and decentralized infrastructures for 
water supply? And, finally could this model, which demands a level of community 
based stewardship that piped, linear, centralized systems do not require, provide the 
circumstances for invention in relation to the political processes that govern water-
use generally, and ultimately ‘survival’?

Many of the challenges that arise in communities stricken by poverty and disease 
stem from a lack of clean water and a lack of access to a feasible water supply. 
Development initiatives rightfully focus on the urgency of water provision but the 
extreme complexity of the social issues that surround water provision are all too 
often beyond the capabilities and resources of the organizations providing the tech-
nological expertise. Additionally, the international development community has fo-
cused on ground water resources since a UN edict in the 1980s. Groundwater and 
surface water supplies are often seriously contaminated and heavily fluoridated or 
contain concentrations of toxins such as arsenic. Borehole wells drilled into un-
derground aquifers frequently break, and without engineers or tools, they remain 
broken. Aquifers sink and are not replenished. According to the UNEP, 60 % of the 
borehole wells drilled in 2004 failed within a year. More than 320 million people 
living in Africa do not have access to clean water. Many of these are children, par-
ticularly young girls, who cannot go to school because they have to walk miles to 
collect water from rivers or streams, dirty water, instead. Dirty water kills around 
4500 children a day.

Many people do not know that there is 13 times the amount of water needed, fall-
ing as rain, across the African continent, and that most people who do not have ac-
cess to clean water live in areas with more than 300 mm of rainfall annually. In many 
areas of the Sub-Saharan region suffering from extreme poverty and challenging 
conditions in relation to water access, nutrition and sanitation, have up to a metre 
of rain in the year, some much more. The distribution pattern of rainfall throughout 
the year is changing as a consequence of climate change, but erratic rainfall pat-
terns—the arrival of the ‘rains’ earlier or later than expected, deluge followed by 
drought—makes rainwater harvesting and water storage more important than ever.

We are committed to demonstrating the overlooked potential of large-scale 
community-based rainwater-harvesting initiatives, based on a local, dispersed, de-
centralized and nonlinear approach to infrastructural construction; significantly, 
the potential of rainwater harvesting as a catalyst, instigating social transforma-
tion within a community by making carefully designed, low-cost buildings, with 
significant water storage volumes and integrated water filtration systems. We call 
these structures ‘Waterbanks’. We have been focussing on schools, as in our ex-
perience ‘Waterbank Schools’ can become a significant resource in the commu-
nity, addressing multiple issues simultaneously. In areas where Land Rights and 
land ownership battles are common, schools are built on land that is less contested. 
Schools have principles that embrace concepts of shared ownership, governance 
and accountability that transcend tribal differences. Within the precinct of a school, 
the pursuit of gender equality is more achievable. Schools also have the capacity to 
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attract  sympathetic, like-minded people in community-based organizations, founda-
tions and non-governmental organizations, who can provide the funding and social 
support that is necessary in confronting some of the most intractable social issues 
that underpin poverty and impact many people, girls and women in particular, pro-
foundly.

We insist that Waterbank School Buildings are never ‘just’ schools, and we have 
found that it is possible to build twice the volume, with integrated water storage and 
filtration for the same cost as a typical four classroom school. So that while working 
with completely generic space standards and normative budgets that are familiar to 
every organization working in the International Development field, every school 
can have a cistern and clean water supply, can be a tool for teaching children about 
environmental issues, an attractor and catalyst for the community and effect envi-
ronmental and social change. The discipline of building at the lowest costs possible 
while providing more space, light, ventilation, protection and a consistent water 
supply at school involves us in a process of design and development with local 
partners, NGOs, community leaders, teachers, students and their families that builds 
social engagement and an enduring commitment to people and place. In the past 10 
years, we have designed and built a collection of high-yield rainwater-harvesting 
building types, invented and patented modular ceramic water filtration systems, 
and a structure that integrates rainwater harvesting and water storage into a sports 
stadium—bringing Africa’s passion for Football together with its greatest needs, 
water, nutrition and sanitation. The work depends upon a return to some of the 
fundamentals of architecture and involves spatial, structural, material and techno-
logical invention at multiple scales, from the nano/micro-scale behaviour of water 
percolation through ceramic water filtration membranes to the scale of buildings 
and accumulations of building types, to climatic, geographic, social and ecological 
patterning. A key idea behind all the work relates to a term, ‘reverse innovation’, 
used in the sense of looking back historically in order to look forward more ef-
fectively, but also in support of a reciprocity between advanced research and poor 
technique that makes the designs easily replicable, increasing impact.

How Did We Start?
In 2004, we were working on a speculative project in South Sudan, linking access 
to water to the catalytic power of football. This project for a football field that could 
harvest rainwater was exhibited in New York at The Van Alen Institute in 2006. It 
addressed water access, food security, health, education, gender equality and com-
munity development, simultaneously. We called it PITCHAfrica. Once the word 
was out, we established important relationships with Grassroots Soccer and Play 
Soccer International who were having real success using football to effect social 
change. The following year we were in Copenhagen, for the Metropolis Biennale, 
organized by the Copenhagen International Theatre, KIT, and the Danish Archi-
tecture Centre, and collaborating with the Homeless World Cup, an organization 
that is using the power of street football to end homelessness. While we were at 
the Tournament (Fig. 12.1), Jane and I did calculations for the rainwater harvesting 
yields for the small street football stadium that we were sitting in. The results were 
extraordinary, in excess of 1 million l per year in a semi-arid region, and the space 
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under the stands was more than adequate for classrooms, clinics or other commu-
nity facilities. We knew then that a small stadium designed to catch the rain could 
be incredibly transformative.

We organized a friendly game with players from Kenya and Uganda, made a 
video and drawings (Fig. 12.2). We gave every African team documents explaining 
how a PITCHAfrica stadium worked. In early 2008, we met the Annenberg Founda-
tion Board and a few months later received a significant grant providing backing for 
project development and testing. We built prototypes, and we conducted extensive 
research into water filtration options focussing on ceramic filters which can be made 
locally rather than expensive imports (Figs. 12.3, 12.4, 12.5, and 12.6). We filed 
patents. We made projects. In July 2010, the Annenberg Foundation supported work 
culminated in the construction a full-size demonstration model of a PITCHAfrica 
stadium in Los Angeles, launched during the World Cup by South African actress 
Charlize Theron. This was televised in the USA and created considerable inter-
national attention (Fig. 12.7). On the back of this event, we set up PITCHAfrica 
as a social enterprise in its own right. The rainwater-harvesting stadium was the 
flagship, and a wide variety of rainwater-harvesting structures, water filtration de-
vices and irrigation tools were designed and ready to go. We wanted to develop 
PITCHAfrica rainwater-harvesting demonstration centres in Southern Africa, West 
Africa and East Africa, but getting projects implemented was tough-going. We had 
become increasingly convinced that finding the right scale for an initial community-
based project was crucial. We knew that the cost of the stadium building, although 

Fig. 12.1  The finale of PITCHAfrica’s friendly game at the Homeless World Cup in Copenhagen 
2007
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very low in relation to comparable buildings in the USA or Europe had the potential 
to destabilize community development by putting too much investment in one 
place at the expense of neighbouring areas, biasing migration patterns and creating 
problematic population growth, especially true in pastoralist communities. Starting 
small had always seemed more appropriate and a structure that could be copied 
easily and cost not more than 38,000 €, or US $ 50,000 a more manageable target.

We struggled to work out viable partnerships in Southern Africa, trying to put 
together projects in Kwazulu Natal, ZA, in 2011, and further north in Ndirande, 
Malawi, in 2012, making grant applications and multiple project proposals. But we 

Fig. 12.3  Diagram: rainwater harvesting, storage, filtration and use

 

Fig. 12.2  Assemblage explained—a sketch prepared during the Homeless World Cup 2007
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failed. I was invited to be a visiting professor of design and innovation at The Af-
rican University of Science and Technology, a Nelson Mandela institution in 2012, 
and we produced a strategic plan for a Waterbank Farm on the Campus in collabora-
tion with AUST faculty including Prof. Wole Soboyejo and Prof. Albert Ayeni. In 
East Africa, we had more success. Since late 2007, we had been in contact with a 
number of important Kenyans including Mohamed Ahmed and KHSSA, Kenyan 
Homeless Street Soccer Association, and Bob Munro at MYSA, the Mathare Youth 
Soccer Association, who were doing great work. I had met Wangari Maathai at the 
Cooper Union in New York and initiated a dialogue.

Fig. 12.4  In the workshop, 
fabricating the Waterbank 
prototype with Lucien 
Peebles. Activist, Rebecca 
Gomperts, founder of Women 
on Waves and Women on 
Web and PITCHAfrica advi-
sory board member, filming

  

Fig. 12.5  Testing a corner assembly—with Lucien Peebles and Jane Harrison from PITCH Africa
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Fig. 12.6  Prof. Wole Soboyejo inspecting the modular water filtration unit prototype, used for 
testing flow rates and yields.

  

Fig. 12.7  PITCHAfrica launch event in the Port of Los Angeles 2010 concluding the initial 
research period. This event coincided with the World Cup in South Africa
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Then, after an introduction from colleagues at the Mpala Conservancy in Lai-
kipia, in early 2011 we received a call from Dr Liz Rihoy, director of the Zeitz 
Foundation, based on a neighbouring Conservancy, Segera, and I went to Kenya for 
the first time. Kenya is an ideal place to implement community-based rainwater-
harvesting initiatives. The geography and climate are perfect, and the presence of 
the United Nations Environment Program Headquarters in Nairobi is an asset. Dr 
Rihoy felt there was a great fit between our work and the Laikipia Unity Cup, 
a programme the Zeitz Foundation had developed. The LUC and Laikipia Unity 
Program use a Football Competition as a setting for environmental education. She 
was keen to see how we might bring PITCHAfrica to Laikipia. For us, a collabora-
tion with the Zeitz Foundation was an excellent opportunity to realize the designs 
and technologies we had developed and demonstrate their transformative potential. 
Later that year, we sent Daniel Gastfriend, as a PITCHAfrica intern, to work with 
the Zeitz Foundation and I made my first visit of many in Segera. Daniel spent time 
with the school community at Uaso Nyiro, near Nanyuki in Kenya’s semi-arid cen-
tral highlands, and also worked on a Zeitz Foundation project that has since become 
the SATUBO, SAmburu, TUrkana and BOrana, traditional crafts enterprise. Then, 
in early 2012 the Zeitz Foundation obtained funding from Guernsey Overseas Aid 
for a school building at the Uaso Nyiro Primary School and asked us to propose a 
design that demonstrated PITCH principles. This was an opportunity to adapt one 
of our designs (Fig. 12.8).

In Kenya, there is seven times the amount of rain fall than is needed by the 
population. Rain is an astoundingly misunderstood and underused resource and 
one that asks that we change our unsustainable relationship with water to a bal-
anced one. A Waterbank is designed to transform our relationship with water, if 
‘business as usual’ advocates extracting water from underground, non-renewable 
aquifers, and building schools that deflect rather than catch and store rainwater 

Fig. 12.8  Waterbank School—digital model
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easily. Waterbanks reverse this, bringing the water to the centre of the building, 
manifestly, demonstrating how this resource can empower whole communities and 
lead to systemic change and that everyone can have clean water. And so followed 
the construction of the first Waterbank School which was built at the Uaso Nyiro 
Primary School where Daniel had been working, in 2012. The building is a square, 
24 × 24 m set within a circular perimeter wall. The plan is very simple, by necessity.

The Waterbank School is designed to harvest the maximum amount of rain with 
minimum materials and effort in a central courtyard with underground cistern. Rain 
falling on the roof drains with 95 % efficiency into the cistern and is drawn off and 
filtered by ceramic water filters when used, removing 99.9 % of pathogens. Water is 
used for drinking, daily meal preparation, hand-washing and irrigation. Surround-
ing the central cistern are protected, well-ventilated classrooms, teaching gardens 
and a community workshop, for the parents and for community activities, enabling 
the school to become a catalyst for transformation. Even in this semi-arid region, 
the school delivers 350,000 l of water annually. For example, the school initiates re-
gion-wide rainwater harvesting, filtration and conservation agriculture efforts. The 
roof of the cistern is all-school gathering place and environmental theatre where 
essential knowledge about practices and technologies is shared across ethnic and 
language divides. The school educates 360 children and provides water for 680 chil-
dren, from seven tribes, pastoralist communities living on less than $ 1.40 per day. 
It serves as a community education centre for 4000 and as a demonstration school 
for a region of 400,000 people. On the day Nelson Mandela died and people across 
the continent were mourning, we got message from Njenga Kahiro, Community 
Liaison Officer at the Zeitz Foundation to say the tank was full to overflowing for 
the first time. It was a poetic moment, as if both tears and rain had created a supply 
of water and renewed life for a community. The school was named Greenest School 
on Earth by the US Green Building Council, and ‘Waterbanks’ was listed as one of 
the top 100 sustainable innovations by SUSTAINIA, Denmark, in 2013 (Figs. 12.9, 
12.10, 12.11, and 12.12).

Also, in 2013 we participated in the Buckminster Fuller Challenge and won the 
inaugural ‘Interface Support Award’ for ‘Waterbanks’. As part of the very rigorous 
challenge process, we had to write short sentences that described how the Water-
bank School addresses Buckminster Fuller’s seven criteria for innovation. Being 
forced to make succinct claims in short form is always useful, and this is what we 
said:

1. Visionary: All new schools in poor communities where it rains can produce clean 
water and fresh food for children and catalyze community transformation.

2. Comprehensive: The solution is simple, affordable and cross-cutting, directly 
addressing rural poverty, ill-heath, lack of education and environmental degrada-
tion. Systemic change is driven by a geometrical, material and social reconfigu-
ration of standard school design.

3. Anticipatory: Anticipating global aquifer depletion, with 1 billion people world-
wide without clean water and 60 million children out of school, our relationship 
with water must change. The Waterbank School directly addresses this need.

4. Economically responsible: The school is an artificial watershed. Each element 
works hard, structurally and socially, using the fewest resources, to deliver the 
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Fig. 12.9  Waterbank School, ‘harambee’ organized by the Zeitz Foundation, engaging the school 
community, digging the foundations

 

Fig. 12.10  Waterbank School, early morning roll-call
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Fig. 12.12  Waterbank School, in use: a prize-giving in the courtyard, the classroom, and work in 
the garden

 

Fig. 12.11  Rainwater harvesting and water filtration workshop with the school community, taste 
testing
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greatest impact on a child’s health and a community’s transformation. All build-
ings will need to be Waterbanks.

5. Feasible: It is built simply using local skills, resources and technologies, sup-
porting self-sufficiency and avoiding dependencies.

6. Verifiable: The school is built and a post-occupancy evaluation underway. Atten-
dance has risen by 25% to 95%. Instances of waterborne disease have dropped to 
zero.

7. Replicable: With simple guidelines anyone can build a Waterbank School.

The principles seem to be gaining some traction, and more Waterbank School struc-
tures were completed in the region in 2014: The Endana Secondary School in Lai-
kipia in Kenya’s Central Highlands is the location of the first Waterbank campus 
(Figs. 12.13 and 12.14), a collection of Waterbank building types have been built in 
2013–2014 and are connected together by conservation agriculture plots, creating a 
model school that harvests and stores more than 2.5 million l of water annually. The 
Waterbank building types demonstrated here include PITCHKenya, a 1500-seat 
rain-harvesting sport stadium with integrated classroom block and environmental 
centre, a Waterbank Girls Dormitory for 100 girls, a Waterbank Canteen and Din-
ing facility and various Waterbank Latrine blocks (Figs. 12.15, 12.16, 12.17, and 
12.18). Each Waterbank building type is designed to integrate water harvesting, 
storage and potable water filtration. The form of each building is designed to maxi-
mize the volume and retention efficiency of the water harvested, storing the supply 
underground, at the heart of each building, for use by the building occupants where 
a dedicated water supply can help support specific needs. The Waterbank Girls Dor-
mitory provides a clear example of how this works. The building is designed to 
accommodate 100 girls in three dormitories that face onto a protected courtyard gar-
den. The building can harvest up to 360,000 l annually creating a dedicated  supply 

Fig. 12.13  The Waterbank Campus at the Endana Secondary School under construction
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Fig. 12.15  PITCHKenya under construction. Every surface is arranged to maximize rainwater 
harvesting yields

 

Fig. 12.14  The Waterbank Campus, aerial view showing the three principle structures: the sta-
dium, canteen and girl’s dormitory and secondary buildings, the boys dormitory, staff housing and 
latrines
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for the young women to address comprehensive needs including drinking water, 
water for sanitation, showering and the washing of clothes and water for irrigating 
the garden that will be developed to provide a sanctuary with nutrition-rich plants 
and natural remedies. It is a safe place, away from the boys and men in the school 
community, in a walled compound, with a secret garden, and a small house for the 
matron, a surrogate mother, who looks after the girls (Figs. 12.19 and 12.20).

Fig. 12.16  The Waterbank Girls Dormitory under construction

  

Fig. 12.17  The Waterbank Canteen with removable fabric walls used in the rainy seasons
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In January 2014, I walked around the Endana site with the governor of Laiki-
pia County (Fig. 12.21). He was incredibly enthusiastic about the work and really 
understood the potential of the Waterbank and PITCH building types. There was 
a mood of excitement about the project and the idea that water-harvesting centres 

Fig. 12.19  Waterbank Girls Dormitory: a protected compound around a triangular garden 
courtyard 

 

Fig. 12.18  Waterbank Campus Latrines: four blocks in a compact arrangement including open air 
courts for drying laundry
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could also be known as centres for community and peace building and an example 
that could be followed in other schools. Now, in early 2015, The Waterbank Campus 
is nearing completion and the conservation agriculture beds are being prepared. 
The ceramic water filtration systems have not yet been installed in the respective 

Fig. 12.20  The Matron’s House in the dormitory courtyard on top of the underground water stor-
age tank 

 

Fig. 12.21  PITCHAfrica Design Director, David Turnbull at the Waterbank Campus construction 
site with the Governor of Laikipia, discussing cloud formations 
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Waterbank buildings but when completed will provide potable water throughout the 
campus (Figs. 12.22, 12.23, 12.24).

Each Waterbank structure has been developed to address a specific set of is-
sues that are central to improving livelihoods and health in rural regions suffering 
from a lack of access to clean water. These issues range from water and food secu-
rity, to gender rights, environmental education and sport for development support. 
The campus has been developed to welcome community participation and support 
the spread of knowledge about sustainable lifestyles throughout the region.

What Are We Doing Now?
We have stated work on a Waterbank District or Urban Quarter in the Niger Delta 
where the annual rainfall is close to 1.5 m per year, but where the groundwater is 
heavily contaminated. This district is intended as a demonstration of the Waterbank 
approach in an urban setting, and the design process involves the development of 
residential and mixed-use building types as well as schools, clinics and institutional 
structures. Historical antecedents can be found in Vitruvius’ descriptions of the 
construction of cisterns in antiquity, Roman ‘Impluvium’ courts, French ‘Lavoirs’ 
or English ‘Dewponds’. The filtration systems are made simply using clay, wood-
dust and colloidal silver, based on open-source documents prepared by Ron Ri-
vera, improved and tested in laboratories at Princeton University and the African 
 University of Science and Technology in Abuja. The first Waterbank school was an 
island, and isolated singular building, the Waterbank campus is an archipelago of 
types, the Waterbank district is a dense urban accumulation or cluster. Our research 
continues by building and continuing to explore the ways and means for scaling 
the project.

Fig. 12.22  Waterbank Campus: a weekend visit from an enterprising herdsman’s goats reveals a 
water management issue
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Fig. 12.23  Waterbank Campus: a menstrual hygiene workshop with BeGirl reusable sanitary pad 
designer, Diana B. Sierra in the PITCHKenya environmental training room

  

Fig. 12.24  PITCHKenya with the stands full on opening day: the mexican wave
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This work is only possible with a lot of goodwill, and with funding or in kind 
support from the Annenberg Foundation, Zeitz Foundation, The Buckminster Fuller 
Institute, Interface Inc., AUTODESK and The Clinton Global Initiative. We are 
working towards the launch of WATERBANKS OS in 2015, an open-source op-
erating manual on the design, construction and use of Waterbanks, starting with a 
Waterbank school. A central part of this effort is to communicate how the stored 
water can be used and regulated most effectively so that throughout the dry seasons, 
there is a consistent water supply and that the water does not run out. Feedback 
from the school buildings that have been completed at Uaso Nyiro and Endana will 
play a key role in the Waterbanks story and the success of the open-source variants. 
The challenges that lie beyond the self-evident complexity of building anything in 
remote parts of the world without roads, with limited resources and skills, are all 
concerned with governance, the way that groups of people organize themselves to 
manage the water resource, to draw-off only the amount of water that is needed 
and understand the dynamic interrelationship of water captured with water stored 
and water filtered and used, in uncertain times with less predictable weather; in this 
sense, Waterbanks pose a question.

12.3  Part 3: Stasis

12.3.1  Architecture Knowledge Assemblage the Sustainable 
Present of Architecture Practice and Education

A discussion with David Turnbull and Maria Theodorou on ATOPIA3 and SARCHA4

The discussion focuses on the experiences that both authors share in practicing 
architecture by taking a stance towards the profession and seek alternative ways of 
architecture production and of the production of architecture knowledge. Can their 
experimentations be understood as ‘sustainable’ architecture practice, in other 
words, can ‘sustainable’ architecture be produced only within a different mindset 
that generates another type of practice and education?

12.3.2  The Architecture Knowledge Assemblage

 Maria: We have met long ago in 1995 at the AA in London but it was only 10 years 
later in 2005 at Princeton that we had the chance to discuss our common interest 
in developing and experimenting with alternative ways of practicing architecture. 
I remember you presented ATOPIA and first ideas on the PITCHAfrica proj-
ect in your backyard and I was trying to sketch out an independent structure 
(SARCHA), a hybrid between school and practice, to carry out research on topics 

3   ATOPIA founding members are David Turnbull and Jane Harrison www.pitch-africa.org.
4   School of Architecture for All (SARCHA) non-profit was initiated by Maria Theodorou and 
Larry Cool in 2006 www.sarcha.gr.
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that were somehow considered unintelligible. It seems there were a number of 
things that had changed within the architecture profession between 1995 and 
2005 that created a different mindset for both of us.

 David: Yes, I think that there had been many changes, personal and professional, 
not least the transition for us, from the UK to the USA. In 1996 I was invited to 
teach at Yale as the Eero Saarinen Professor, a big step, and the beginning of a 
trans-Atlantic life that continued until 2002 with Jane’s appointment at Princeton 
University. This provided a period of stability in which we have built our prac-
tice, and developed the ATOPIA project as an umbrella for many design and re-
search activities that challenge conventional expectations about what it means to 
be an Architect. SARCHA’s conception as a ‘School of Architecture for All’ also 
questions the authority and the education of the architect in addressing complex 
city conditions. In common with many of my colleagues my teaching started to 
reflect the impact of the 90s, the ‘digital decade’, critical structural changes in the 
global economy, manifest in urban structure and building design, and an increas-
ingly urgent ecological imperative.

 Why ATOPIA…? ATOPIA is an idea that can be discovered equally in the fields 
of Architecture, Aesthetics, Economic Theory and Science Fiction. In accord 
with Vittorio Gregotti’s essay ‘On Atopia’ in his collection, Inside Architecure 
(1996), we saw spatial diffusion and the failure of the local as a category as 
symptomatic of a generalized globalization of means and methods. We witnessed 
the exacerbated thinness and dematerialization of architectural effects, and the 
collapse of any sense of social purpose. We agreed with Gregotti that an increas-
ingly pervasive ‘oriented atopia’ should be challenged.

 This was the perfect alibi for our work. Atopia is an idea about space and time; 
borderless, enabled by advanced communications media and digital tools, and 
omniscient; the perfectly flawed but ubiquitous setting for invention, technologi-
cal innovation and design, an explicit ‘anti-utopia’. The publication of German 
sociologist, Helmut Willke’s ‘ATOPIA’ (2001) reinforced the obligation that op-
erating on atopia, in ‘atopian constellations’, refusing the cult of the individual 
and the romanticism of individualism, had become for us. The more recent pub-
lication of ‘The Atopia Chronicles’ (2012) by Science Fiction writer Matthew 
Mather dramatizes fundamental choices that impact the survival of the human 
race; choices that are not options for us. This made the definition of two paths 
and two ‘businesses’ a necessity for us, both working with the paradoxes, ambi-
guities and contradictions of atopia: ATOPIA Innovation (for profit), consulting 
with Institutions, Development Companies & Foundations; ATOPIA Research 
(not for profit) working on global challenges with NGOs, Community Based 
Organizations (CBO’s) and Corporate Social Responsibility Programs (CSR). 
PITCHAfrica and Waterbanks originate from the not for profit path.

 In the same time-frame you were developing SARCHA, what sparked the idea?
 Maria: SARCHA was conceived as an architecture school open to all with the 

aim of conducting independent research on pressing issues on architecture and 
the city. This was a much needed experiment in 2005 since the teaching of ar-
chitecture still reflected a ‘post-critical’ condition. The fascination with new 
technologies of design and construction overshadowed any political, social and 
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financial issues that were already present in the cities but largely ignored by ar-
chitects.

 In 1997, I curated the Greek Ministry of Culture pavilion at the UNESCO In-
ternational Conference on “Education and Public Awareness for Sustainability”. 
However, the notion of sustainability as a vision ‘of a peaceful and just global 
society in the 21st century’ (Earth Charter 1992) was already crumbling. In 2003, 
during my visit as a Council of Europe cultural policies expert in Tbilisi, the 
capital of Georgia in Caucasus, I was confronted with the vision of the future 
to come: Iveria a luxury hotel in the heart of the city was turned into a vertical 
IDP’s (Internationally Displaced Persons) camp. Instead of a report on cultural 
policies, I drafted a short article on Iveria published in the Council of Europe 
journal (Theodorou 2003), which later became a longer piece for the Anarchitek-
tur publications (Theodorou 2007). It seemed that the cultural, smooth, just and 
peaceful sustainable future had a sinister turn. The present was manifested as a 
moment of the ‘political’ defined by political theorists such as Chantal Mouffe 
(1993) as the moment of rupture of an existing condition which has not yet sub-
stituted by a new one. Routlegde book series on the thinking of political that run 
from 1994 to 2005) featured a number of publication that informed my thinking. 
Yannis Stavrakakis, author of the Lacan and the Political book (1999), became 
an interlocutor, contributing to the thinking and naming of SARCHA; he sits on 
the advisory board ever since.

 SARCHA’s focus on the political aspects of architecture could not be fully 
grasped by architecture educators in 2005. It seemed the schools in academia 
were operating on a standard repertoire of topics related to the agenda of the 
90s; however, this trend was soon to change. In 2005, only a handful of mar-
ginal groups and individuals were meeting in Europe to discuss Architectural 
Resistance and similar topics of concern; today everyone in architecture schools 
appears aspired to architectural activism and radical pedagogies.

 If in the notion of sustainability, the 1992 Earth Charter envisioned a ‘peaceful 
global society’, the emergence of the ‘political’ signaled another disturbance: a 
number of thinkers had already pointed out a problem with the concept of society 
and there were developing further Deleuze’s notion of assemblage to conceptual-
ize emergent complex systems of organization and address issues of governance 
and self-governance. Hardt and Negri’s Multitude (2004) was followed by La-
tour’s ANT: Actor-Network-Theory (2005). I remember Bruno Latour’s book on 
Making Things Public: Atmospheres of Democracy was out in 2005, and it was 
part of our discussion; Manuel De Landa’s A New philosophy of Society: Assem-
blage Theory and Social Complexity followed a year later (2006). Do you think 
that what we started in 2005 emerged within this theoretical framework?

 David: We have a number of seminal figures whose thinking has inspired us, 
who we talk with, or who we feel an affinity for. Clearly, Bruno Latour is one of 
these figures, ‘We have never been Modern’ (1993), his reflections on ‘Design’ 
with particular reference to Peter Sloterdijk, and the ZKM exhibition catalogue: 
‘Making Things Public’ (Latour B, Weill P 2005) have been particularly im-
portant, as they have been for many in my generation. I also love the work of 
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Michel Serres. Love being the keyword, because my relationship with it is more 
emotional than intellectual. My library is the library that you might expect, a col-
lection of volumes brought together obsessively since the early 1970s, reflecting 
conversations that were taking place within and outside Architecture, in London 
at the AA and internationally, but with particular emphasis and completeness 
in the collecting when ideas resonated; Serres, Latour and Deleuze, De Landa, 
and Felix Guattari’s Ecosophy (Guattari 2000). It is clear to me that without this 
theoretical framework, and insights found more recently, the ATOPIA project 
would not exist….and SARCHA.

12.3.3  The Sustainable Present of Architecture Practice

 Maria: yes, indeed. SARCHA was envisaged as an assemblage; it operates as an 
open structure and everyone can join with no subscription fee. To remain inde-
pendent, SARCHA plugs its network of associates, their skills, abilities, knowl-
edge, technical, technological equipment and physical locations, into available 
institutional or independent structures, operational mechanism and devices to 
maximize the potential of humans, things, and processes involved. It currently 
has 277 associates worldwide, who can freely choose topics to set up projects 
on issues of concern. Migration and xenophobia, city and economy, the sharing 
of resources and self- governing are among the research projects SARCHA has 
undertaken and implemented with limited funding (SARCHA 2011). SARCHA’s 
architecture practice + education structure understands ‘sustainability’ as an in-
sightful anatomy of the present conditions (Theodorou 2013).

 Next time we crossed paths, was in December 2008 in Athens Greece. This was 
an important year signaling the start of the economic crisis. In USA the real 
estate bubble had burst and Athens experienced the first disruption of an hyp-
notic state in which democracy and the city functioned as spectacles of undis-
turbed consumerism. By that time, we had both set up our alternative structures 
(ATOPIA and SARCHA) to implement our ideas and it seems they were timely. 
The financial crisis, that was to become a permanent condition paired with the 
environmental and the humanitarian crisis, manifested in migration flows and 
expulsion of populations, has created an opening for rethinking architecture as a 
professional practice. How does ATOPIA deal with such issues?

 David: OK, I think that rethinking architecture, specifically ‘how and why’ be-
came obligatory. The experience of working on a project in Sri Lanka after the 
Boxing Day Tsunami of 2004 dramatized the need for new models, and prac-
tices in which the ‘client’ disappeared as a figure, to be replaced by ‘issues’ or 
in Latour’s terms, ‘matters of concern’ (2005). We were working on a plan for 
a small University on the Southeastern coast of Sri Lanka, seriously damaged 
by the Tsunami, and then again by the rains that followed. The remains of the 
campus were south of the extensive land-mine fields from the Civil War, but 
subject to the activities of insurgents from the South. The Vice Chancellor was 
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a Tamil. Girls studying at the University now found it too dangerous to walk or 
cycle from home. The terrestrial communications networks needed to be rebuilt 
or augmented. We were hoping for a viable plan for what we called ‘the small-
est university with the biggest informational footprint’, a university with almost 
no architecture in a conventional sense, for which a combination of electrical 
engineering and curriculum design would provide the foundations. A relational 
architecture of places and processes, tools and techniques, (informational) net-
works and (ecological) loops was required, inflected by the impact of War and 
Environmental Catastrophe. The lesson could not have been more stark. The 
question was then how to carry this insight forward to become more generally 
applicable in complex situations that may not be described in relation to an overt 
crisis, but where there is an inherent instability that must be understood, and 
there are multiple ‘actors’. This is true for our research on the increasingly de-
pleted Ogallala Aquifer in the USA, as much as it is for the PITCHAfrica and 
Waterbanks initiatives.

 Maria: Political theory and Assemblage theory shaped the constitution of the 
School of Architecture for All—SARCHA and its first research project on the 
category of the Unbuilt. The “Negotiating the Unbuilt: Space and Democracy” 
symposium (partially funded by the ESRC UK) coincided with the Athens De-
cember 2008 political events and framed the context in which ATOPIA presented 
its PITCH Africa projects (Theodorou 2011). What was the relation of your proj-
ect with the theme of the symposium?

 David: 2008 was a crucial year for us. We had just received funding from the An-
nenberg Foundation for PITCHAfrica. We had established some principles and 
were working on preliminary design proposals, drawing diagrams and thinking 
through what a ‘place of assembly’ might be, as it pertains to complex constitu-
encies, unpredictable social conditions, difficult technical considerations, pov-
erty, gender equality, nutrition, education, health and access to water, in a context 
marked by tribal conflict, with contested territories, persistent land rights battles, 
the legacy of colonial governmental practices, protocols and corruption. At that 
stage, our project was literally unbuilt, and explicitly addressing structures that 
must be paradoxically ‘unbuilt’ and yet constructed—assemblages.

 Maria: I remember one recurrent issue that we discussed in a number of 
occasions; it touched upon the relation of your project to philanthropy and 
charity work conducted in Africa by a number of organisations. Philanthropy 
has been criticized, and rightly so, for keeping a condition as it is, providing 
only temporary relief. The ‘empowerment’ approach has been also taken up 
before by organisations in Africa in order to smooth the ground for collabora-
tion when the help of locals was indispensable for the successful implementa-
tion of various projects (Theodorou 2011). How do your projects relate to both 
philanthropy and empowerment?

 David: Its complicated and, understandably, this question haunts everything 
that we do, and comes up every time that either Jane or I present the work. 
PITCHAfrica is now the business name for ATOPIA Research Inc. which has 
tax-exempt status as a charitable organization addressing environmental issues 
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and humanitarian concerns, at least that is how it is expressed in the documents 
that were used to achieve that status. However, we are acutely conscious of the 
predicament that is produced by the terms and the dilemma that we must sit with, 
by necessity; the proximity of ‘humanitarian’ to ‘development’ and ‘security’ 
being critical. Every aspect of a project is fraught with complexity, the funding, 
contractual negotiations, community relations, document production, dissemina-
tion, project management, monitoring and evaluation. We had many arguments 
with one funder whose use of militaristic expressions like ‘in country’, or ‘boots 
on the ground’ rendered the Foundation/ NGO relationship particularly problem-
atic. The question of motivation is always present in any donor’s relationship to 
their donation and the activities that it supports, as it is at all levels in the com-
munities that we have worked with. As we all know, giving and receiving gifts 
is never straightforward. We cannot escape, but we can rewrite the terms, and 
chose which issues to focus on. This is why we are so concerned about cost and 
replicability—in a sense, privileging the unexceptional and the typical as a goal. 
There are too many examples of philanthropic investment coupled with design-
ing ‘like you give a damn’ that produce remarkable situations, even beautiful 
buildings, that are only possible in a unique nexus of political power, wealth and 
expertise. We are also very interested in the questions that the notion of ‘success’ 
produce—how is a project successful, or rather, when, and according to who? 
We have learnt that sticking with the questions, having respect for ambiguity, 
and understanding the agency of words and images in different contexts is neces-
sary and useful. So, we might use the word ‘empowerment’ or ‘empower’ on our 
website, we might talk and write about ‘campaigns’, but we will avoid ‘victim’ 
photography, preferring a documentary approach.

 Maria: Have you looked at the history of water shortages in Africa and the tradi-
tional ways of coping with this issue? Or did you just take a practical approach, 
namely: what is the problem? How can we solve it? In other words did you ad-
dress only the effects of a problem?

 David: We are very interested in the history of peoples’ relationship with water 
all over the world and in the history of technologies that have been developed to 
bring water from one place to another so that it can be used. We have also col-
lected photographs, texts, diagrams and drawings of buildings, infrastructures 
and technologies for domestic water supply and irrigation that have been used 
in the past in many countries on the African continent. Devices for collecting or 
redirecting surface water resources being the most obvious. The construction of 
dams at many scales being another. There are also amazing examples of rainwa-
ter harvesting building forms in Benin, Ghana and the Niger Delta in West Af-
rica, and on the Tanzanian coast in the East. Roman settlements in North Africa 
and the Nilotic region were built on a patch-work of cisterns.

 Maria: to continue with the name giving; at the initial stage of your project the 
‘PITCH Africa’ was your catch phrase, and it seems it had a celebratory—joyful 
tone, solving water shortages and using sport. Was there a particular reason for 
this? And why change it in 2010, and use the term Waterbanks? Does this relate 
to the promotion of the project in the west rather than in Africa?
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 David: We have not thought about our use of the name ‘Waterbanks’ as a 
change. PITCHAfrica started as a project that was exhibited at the Van Alen 
Institute’s ‘The Good Life’ in 2007 (curated by Zoe Ryan) bringing ‘Africa’s 
greatest passion, Football, together with its greatest need, Water’ as a demon-
stration of the potential of hybridity. It was intentionally optimistic, indeed 
joyful. When we launched the next stage of the project in Los Angeles we 
created PITCHAfrica as a social business, not just a project, and funding for 
this allowed us to develop ‘Waterbanks’ at a variety of scales, ‘Rainchutes’ as 
demonstration products for teaching groups about rainwater-harvesting, and 
‘Filterbanks’ as a way of promoting ceramic water filtration at a scale where it 
could be effective with large populations. Since then we have discovered that 
the idea of a water-bank communicates broadly and very effectively. People 
get it…and I think that is true because a bank full of water has value, can in-
clude reserves. Water can be drawn-off, or out. The supply can be replenished. 
It flows, it can be metered, measured, systems of allowances can be set. The 
language of banking is a common language. Equally a bank can be owned, and 
then things get interesting.

 Maria: Water has become a commodity to be sold by hedge funds; does the name 
‘Waterbanks’ reflect this change and point to the current exploitation of basic 
goods?

Saskia Sassen in her recent talk (in LSE symposium in India on governing urban fu-
tures 2014) entitled Who owns the city, explained how city and land are privatized; 
large chunks of cities and land are being bought by big corporations and this will 
affects the water and food supply. From money shortages to water/food shortages. 
Does the name Waterbanks highlight this process?

 David: We have actually discussed our approach with Saskia Sassen and Richard 
Sennett in the context of a workshop on Democracy and Climate Change at 
NYU in October last year; specifically an idea that ‘rain’ may be a last manifes-
tation of the commons—the crucial questions concerning the ownership of the 
water once it has been captured, and how it is valued and managed, and who is 
responsible for this.

 Maria: In the future will all buildings will need to be waterbanks—in Africa or 
elsewhere?

 David: We think so. Let’s consider the water crisis in California as an exam-
ple, or desertification globally, and climate change generally. Erratic weather 
 patterns, depleted aquifers, increasingly saline coastal wetlands and waterways, 
diminished snow cover in mountainous regions, high energy and maintenance 
costs, all point to the potential of nonlinear, decentralized, dispersed approaches 
to water infrastructure, and local places of assembly with high yield, high capac-
ity reservoirs or cisterns: Waterbanks.

 Maria: what was the difference in working in Africa and in the West? University 
approach rather than community approach, what was the resistance from local 
people and the difficulties in reaching them?
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 David: Africa is a continent and we have been working in four countries, Kenya, 
Nigeria, Malawi and South Africa, with early stage work elsewhere but too early 
for me to say too much. Nevertheless it is clear that the challenges, and opportu-
nities vary considerably depending on the context and the partnerships, and other 
informal relationships that are necessary in order to accomplish as much as pos-
sible. We have a very strict rule that makes University partnerships difficult, even 
after the common realization that University—Community partnerships can be 
very effective. This rule concerns the relationship between construction cost and 
overall project cost. Projects that involve Universities in the US and probably the 
UK carry considerable overheads, up to 60 % of any grant application, and travel 
and accommodation costs alone can be more than the construction cost of one of 
our buildings. For me to make a site visit in rural Kenya, costs 10 % of the cost of 
the Waterbank School building…clearly this has a big impact if our stated goal is 
replicability. We use Skype and dropbox for supervision, cell-phone photographs 
and video clips, email and Facebook chat. We can do this because while there 
is no water supply, poor or no sanitation infrastructure, and extreme poverty, 
there is also incredible beauty and a robust wireless communications network. 
Kenya is the home of Mpesa, mobile banking, and almost everyone can get to a 
cell-phone, even if they do not own one. East African time is the same as Central 
European time, so communications typically take place in the morning in the 
US, afternoon in East Africa. Drawing protocols are British, as a post-colonial 
inheritance, but beyond the fundamentals of setting out, the drawings are only a 
guide or will be unread. Marked up photographs, sketches and other indications 
of design-intent are more effective. A comprehensive drawing set dictating all 
on-site processes would be meaningless. The work progresses like a conversa-
tion, or call and response.

 Maria: Education, school and schooling are integral to Waterbanks; what is the 
role of school in the local communities?

 David: Schools are the central meeting place in rural communities, and the only 
place where land-rights and tribal relations can escape the ambiguities and con-
flicts that exist everywhere else.

12.3.4  The Sustainable Present of Architecture Education

 Maria: Sustainable design has entered schools’ of architecture curriculum at 
both Undergraduate and postgraduate level. Do you share the view that the role 
of education is to question existing conceptualizations rather than turning them 
into subjects of learning? Can we use the word sustainability when systems have 
already failed? It seems the vision of a global just society as envisaged in 1992’s 
concept of sustainability has evaporated, turning ‘sustainability’ into an empty 
signifier. For a large portion of earth’s populations, the concept of sustainability, 
as keeping up existing living standards and conserving resources for future gen-
eration, is not applicable; the majority of people just strive to reverse the trend of 
constant failure. It is ‘survivability’ at the present tense that matters.
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 David: In design education, toward sustainability however that is defined, I favor 
a tripartite structure that draws on Felix Guattari’s elision of Ecology and Phi-
losophy into a singular and urgently needed Ecosophy. His identification of three 
ecologies, mental, social and environmental, for me, provides the template. The 
provocation, by Bruno Latour among others, that a site can be considered as a 
place of assembly and exchange, of humans and non-humans, energy and matter, 
with multiple scales, and time horizons, provides the alibi. Overlaid on this, in 
response to the irrefutable ‘call to order’ that the ecological imperative presents, 
it is becoming clear that new habits of thought and action are necessary, that need 
names, surrogates or avatars so that they can be communicated. As a short-hand 
I use the ‘rainmaker’, the ‘spider’ and the ‘fly’ as characters, or figures. The 
rainmaker designs the atmosphere, transforming the weather, the spider builds 
networks, the fly is an expert in non-linearity. For pedagogic purposes I consider 
all distinctions useful, and attempt to embody their ways of being, individually, 
in order that we might arrive at a better understanding of who we are and what 
we can do. Never-the-less, just as mental, social and environmental ecologies 
can never be separated meaningfully, the ecologically savvy architect must em-
body all three characters, simultaneously.

 Finally, our experience with Waterbanks really underscores a realization that ar-
chitectural education must address present day realities much more forcefully, 
must be willing to look long and hard at the world, as it is…..and that work 
is conversational. A conversation is more than a dialogue. Conversations use 
networks to build networks that, however complex, facilitate effective action. 
Conversations are not arguments, but may involve disagreement. Conversations 
are not consensus builders, but they can be inclusive: person to person, issue to 
issue, human to non-human, and back again, as an endless, recursive, call and 
response.

 Maria: It seems architecture education would be less and less about the design 
of sustainability; the focus is slowly and steadily shifting into training architects 
as contemporaries. The contemporary is able to discern the darkness emanating 
from its own time rather than seeing its blinding lights (Agamben 2009). Focus-
ing steadily on understanding the present conditions would enable architects to 
reconceptualizing their practice and education. Sustainability as a vision of the 
future is inevitably under scrutiny in the current intensity of the present.
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Chapter 13
Sustainable Communities and the New 
Patchwork Politics of Place

Quintin Bradley and David Haigh

The pairing of community and sustainable development has dominated the interna-
tional policy agenda for at least three decades with its assertion that the imperatives 
of capital accumulation can be balanced for the needs of social reproduction (Raco 
2005). As a framework of state strategy, the concept of sustainable communities 
has come to define a particular mode of governance in which the responsibility for 
ameliorating the impact of unfettered growth is devolved to place-based voluntary 
and community associations (Mayer 2000). The community provides a model of 
sustainability in which the economics of collective consumption and the politics of 
community action can be engaged in the planning and stewardship of local develop-
ment. The strategies of sustainable communities that result combine the market zeal 
of spatial liberalism with themes of redistributive justice and equality, finding in the 
concept of community both a model of resilience and self-reliance and conversely a 
dynamic of mutual aid and co-operation (Clarke and Cochrane 2013).

This chapter identifies these competing strands in government strategies for 
sustainable communities in England and particularly the programme of neighbour-
hood planning introduced from 2011 in which the sustainable community was po-
sitioned as the regulator of development and a reassuringly familiar substitute for 
the welfare state. We argue that through this programme responsibility for achiev-
ing environmental and social sustainability was largely abandoned by the state and 
relegated to the domestic networks of the community. We explore the definition 
of sustainability that emerged from communities and their neighbourhood plans, 
one in which the priorities of environmental quality and the welfare needs of so-
cial reproduction were pursued through a Hobson’s choice of economic growth or 
self-reliance. In attempts by neighbourhood planning groups to establish innovative 
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strategies of participation and community management, we evidence the continu-
ance of claims of redistribution and spatial equality in the concept of sustainability 
and in this unequal geography of community initiatives, we chart the development 
of a new patchwork politics of place (Dikec 2012).

The chapter begins in an analysis of the community as a representational space 
that can be drawn on to support conflicting strategies of social, environmental and 
economic sustainability. We then review the definition of the sustainable commu-
nity that emerged under the Labour government in England from 2003 when eco-
nomic development goals were fused with those of social welfare. We trace the un-
coupling of concerns for social justice from this agenda and the increasing reliance 
on the community for any hope of a sustainable future. We then introduce research 
with communities engaged in neighbourhood planning and identify three compet-
ing dynamics that point to the future of the sustainable community.

13.1  Sustainable Communities as Fetishised Space

The sustainable community has a noble pedigree in place-based projects of vision-
ary design and the fusion of nature and nurture in ‘self-contained and balanced’ 
urban living (Reith 1946). The antecedents of this view lie in a renunciation of 
capitalism, in the collectivist communities of Charles Fourier and Robert Owen, in 
Peter Kropotkin’s (1912) celebration of mutual aid, and in William Morris’ (1890) 
anarchist naturalism. In this radical vision of sustainable communities, economic 
life was to be localised and organically fused with the rhythms of social reproduc-
tion and an idealised natural world (Harvey 2000). State development strategies 
continue to present the locality, neighbourhood and community as a bounded and 
discrete place where sustainability can be achieved in apparent isolation from its 
global connections. No repudiation of capitalism is envisaged, of course. Instead, 
the sustainable community is conceived as a coherent collective amid a global mar-
ket—a homogenous space of moral order in a world without scruples (Rose 1999; 
Clarke 2009). Much discussion has taken place over the failure of the abstract spa-
tial construction of community to portray the relational processes of lived space 
and the ‘hydra-like’ transnational networks that cross spatial boundaries and render 
localities heterogeneous and diverse (Amin 2004, p. 38). Critics have pointed to the 
porous nature of the boundaries of place, and the relational, subjective connections 
of its residents (Allen and Cochrane 2010; Massey 1994). The evidence for these 
arguments is so compelling that in this section we want to explore what the state 
finds so politically expedient in the notion of the community as a coherent space of 
sustainability.

The theorist Henri Lefebvre argued that spatial abstracts such as community are 
created to provide the appearance of homogeneity for the deployment of state power 
and capital (Lefebvre 1991, p. 287). Abstractions of space dissolve difference and 
provide a unit that can be planned, divided, valued and exchanged to promote the 
economic growth and serve as a smooth surface for political economies (Wilson 
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2013). The fetishising of community gives territorial identity to spatial practices 
that promote this homogeneous imaginary. The community appears as state space 
mobilised to sort and catalogue subjects and to act as the place-holder for intended 
social identities. It operates as a space of representations; as Lefebvre said (1991, 
p. 287) ‘to look upon abstract space as homogenous is to embrace a representa-
tion that takes effect for the cause’. Lefebvre’s famous triad of space as perceived, 
conceived and lived enumerates the production of space as an abstract, and as a set 
of spatial practices, and as a representational space in which ‘space is at once lived 
and represented, at once the expression and the foundation of a practice’ (Lefeb-
vre 1991, p. 288). Spatial abstractions serve as a representation that refers to, or 
stands in the place of, specific social practices. The abstraction has ‘authority and 
prescriptive power’ not only to represent these practices but also to construct them 
as behavioural norms, as ‘representations derived from the established order: sta-
tuses and norms, localised hierarchies and hierarchically arranged places, and role 
and values bound to particular places’ (Lefebvre 1991, p. 311). The attribution of 
political meaning to spatial practices hails populations with a specific address in 
a relational scale of a political space (MacLeod and Jones 2007; Painter 2009). 
Community is an abstraction through which lived space is produced according to a 
representation of its socio-spatial content or spatial practices. The task of mobilising 
these spatial practices to deliver the policy goals of sustainable development entails 
the assemblage of a representation of community as a territory of social reproduc-
tion (Dalla Costa and James 1980). Sustainable communities can be mapped onto 
gendered and globalised power relations, evidenced in the artificial divide between 
waged and non-monetary labour, and measured in the unpaid work of domestic 
and neighbourly care (Mitropoulos 2005). Demarcated from public life as the pri-
vate and domestic sphere, the community acts as a metaphorical reserve for social 
practices that can be engaged to regulate the excesses of free market zeal and its 
accompanying cycles of market failure (Williams et al. 2003).

The spatial practices attributed to, and represented by, community have been 
identified as those of ‘neighbouring’ (Bulmer 1986), or reciprocity (Williams and 
Windebank 2000), and come attached to corresponding assertions of sustainability 
as a set of ambiguous and contradictory policy tools. Market theorists have con-
flated reciprocity with the civic virtues of enterprise and responsibility and social 
capital (Fukuyama 1995), a note of credit that can be drawn on the collective capital 
of the community and that enables its bearer to improve their labour value in the for-
mal economy (Bourdieu 1986; Putnam 2000). The same practices of reciprocity re-
call the working-class communities studied in the 1950s and 1960s whose networks 
of mutual aid were portrayed as the building blocks of collective provision and so-
cialisation (Hoggart 1957; Young and Wilmot 1962). The reciprocity celebrated in 
these studies was a non-monetary household economy, founded on the geographical 
immobility of women (McCulloch 1997), that developed in the absence of alterna-
tive means of surviving. It was described as ‘an extended subterranean chain’ of 
services enabling delayed, transferred or indirect repayment of good deeds where 
help given in the past was accumulated credit invested in the future (Bulmer 1986, 
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p. 112). Networks of community reciprocity are still of primary importance to those 
outside the paid labour force dependent on informal care from family, friends and 
neighbours (Forrest and Kearns 2001). The appeal to community romanticises a 
subsistence economy of good deeds as the building blocks of capitalist enterprise or 
the resourceful collectivism of mutual aid and presents these as normative practices 
of responsible citizenship and sustainable substitutes for statutory services (Staeheli 
2003).

The sustainable community has proved an essential strategic tool in a wider reor-
dering of state institutions and state power into new assemblages of distributed gov-
ernance (Swyngedouw 2004). Community organisations and voluntary associations 
have been recruited as the minor scale in the private and quasi-private networks 
now delivering state services. Local initiatives in community self-management, as-
set transfer and social enterprise present the community as an island of sustainabil-
ity, while around it, public assets and public contracts are packaged out in profit-
able tranches to transnational companies and financial institutions (Fyfe 2005). The 
engagement of community organisations in this outsourcing of political governance 
appears to have recruited once radical visions of sustainability to an agenda of mar-
ket liberalism. Community campaigners, however, have an uncanny ability to move 
almost seamlessly from co-option to a contentious opposition to state strategies 
(Newman 2012). The twinning of sustainability with social reproduction provides a 
contemporary reflection on the urban social movements and neighbourhood groups 
of the 1960s and 1970s whose sustainable community, as Castells (1978) argued, 
was the site of a class struggle over the distribution of the surplus and the organisa-
tion of the collective means of consumption. Sustainability entailed a repudiation 
of market values and promised an economy where the requirements of social re-
production were prioritised (Mollenkopf 1981). These community initiatives were 
inspired by an ethic of domestic and neighbourly care extended into the public 
sphere and took the social relations of reciprocity and neighbouring as a model of 
co-operation from which to construct more sustainable societies (Abel and Nelson 
1990). This is what Raymond Williams called ‘the positive practice of neighbour-
hood’ that aims to foster the social relations of community as a model for the col-
lective organisation of society: ‘the basic collective idea’ that ‘the provision of the 
means of life will, alike in production and distribution, be collective and mutual’ 
(Williams 1967, p. 326). It was a model that inspired left-wing labour councils in 
the 1970s and 1980s to experiment with the local management of redistributive 
services in devolving elements of planning and delivery to the community. They pi-
loted the decentralisation of service budgets and the establishment of elected neigh-
bourhood committees and area panels that worked with local managers to determine 
community priorities (Cockburn 1977; Burns et al. 1994). The most purposeful of 
these local government devolution programmes in the 1980s Walsall mobilised a 
representation of community reciprocity and mutual aid as the ‘gift relationship’ 
(Titmuss 1970) to reassert the foundational values of the welfare state and redesign 
services to achieve an ambitious equalities agenda. The community as a territory 
of social reproduction was made here into a representation of socialised collective 
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consumption, an ideal model of redistribution and justice. Jeremy Seabrook (1984, 
p. 22) describing the Walsall initiative wrote:

Those values […] the mutuality and the sharing, the sense of a collective predicament, the 
imaginative understanding of other people’s suffering—were precisely those which shaped 
the idea of the welfare state

The sustainable community emerged from these initiatives as a political representa-
tion of social welfare founded on the attribution of normative meaning to the prac-
tices of gendered care and the economies of social reproduction. This identifica-
tion of sustainability with the goals of social welfare became central to state policy 
when the still ‘New’ Labour government published its Sustainable Communities 
Plan in 2003 with the goal of reducing spatial injustice. The next section discusses 
the representations of community that guided this plan and explores how the spatial 
practices of social reproduction were fluidly adapted to the behavioural norms of 
spatial liberalism.

13.2  Sustainable Communities and Sustainable 
Development

The sustainable communities plan (ODPM 2003, p. 3) was a spatial development 
framework that promised to achieve equity in the geography of economic growth 
and ‘put the needs of communities first’. A definition of sustainability acquired 
through quality of life indicators of economic activity, transport connectivity, health, 
crime and educational achievements provided the performance regime that enabled 
central government to devolve operational responsibility to the regions, munici-
palities and neighbourhoods. The rationale for a focus on communities was firmly 
linked to the engagement of citizens in helping government deliver its aims (Griggs 
and Roberts 2012). Institutions of community governance were established in the 
New Deal for Communities programme and neighbourhood management projects, 
and local residents were engaged in community boards to ensure service efficiency 
and the delivery of national targets (Painter et al. 2011).

The initial aim of the sustainable communities plan was to restore a degree of 
territorial equality in the face of a decade or more of deindustrialisation and public 
service erosion. As the plan developed, however, it became clear that deprived com-
munities were being cast as the obstacle to achieving ‘lasting, rather than temporary 
solutions’ to spatial inequalities (ODPM 2003, p. 5; Wallace 2010). Programmes 
intended to raise the enterprising capacities of residents were prioritised for funding 
in the belief that territorial inequality and social injustice could be rectified by mar-
ket mechanisms rather than through the redistribution of public services (Lupton 
2013). Participation was equated with paid employment and empowerment with 
engagement in the private market (Durose and Rees 2012). In transformative proj-
ects such as the House Market Renewal programme, local residents were presented 
as  impediments to economic growth, and mass demolition of low-cost housing was 
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seen as the strategy to resolve the problems of poverty (Allen 2008). Labour’s 2008 
White Paper, Communities in Control appeared addressed only to affluent com-
munities with its package of consumer rights to take ownership of public assets. 
The devolution of power promised in community control required no strategies of 
renewal or redistribution. Instead, it entailed a transfer of responsibility from the 
state to the community, cast as an economic actor in charge of its own destiny and 
responsible for its own well-being (Hall and Massey 2010).

Under the coalition government, which took office in 2010, the sustainable de-
velopment of communities was effectively applied as a weapon against the col-
lective provision of a redistributive state (Featherstone et al. 2012). The abolition 
of all national regeneration programmes was accompanied by severe reductions in 
funding for local government, while cuts in welfare spending were dignified with 
a narrative around the need for communities to take greater responsibility for their 
own sustainability (Hastings et al 2013; Lowndes and McCaughie 2013). An over-
haul of planning policy imposed a mandatory ‘presumption in favour of sustainable 
development’ on communities to signify their commission as homogenous spaces 
for market growth (National Planning Policy Framework 2012). The introduction 
of neighbourhood planning under the Localism Act 2011 aimed to lock-in the con-
sent of communities to private market development (DCLG 2011a) and was backed 
by a framework of economic incentives to orientate neighbourhoods towards the 
property market (Haughton and Allmendinger 2013). Neighbourhood planning al-
located responsibility to communities for achieving sustainable development within 
growth targets set by strategic authorities and subject to the plans of private devel-
opers. Their neighbourhood planning powers could not limit the amount of growth 
but could influence its location and design by establishing the local policies that 
development would be judged against. Subject to a light touch examination, and 
ratified by popular referendum, a neighbourhood plan could become a statutory 
development document, nested within and conforming to the strategic plan of the 
local authority and national planning policy.

To enlist place-based groups in the regulation of sustainable development, 
neighbourhood planning provided a significant new governance framework for 
community engagement in spatial planning. The Neighbourhood Planning Regula-
tions (2011b) established criteria for the designation of an urban neighbourhood 
as a strategic planning area, and a clear process by which place-based community 
groups might establish neighbourhood forums and be recognised as representative 
bodies. Neighbourhood planning, then, established the community as a legal entity 
and despite its many restrictions, appeared to offer some new political opportunities 
to develop a sustainable strategy of place. In areas across the country, therefore, 
communities saw in neighbourhood planning the potential to harness the practices 
of spatial liberalism to the representation of social reproduction (Clarke and Co-
chrane 2013).

The first neighbourhoods to produce their own plans were able to mitigate the 
impact of large new housing developments by parcelling it up into acceptable small-
er sites (Thame 2012) and change planning policy to enable more affordable hous-
ing to be built in rural areas (Upper Eden 2012). By the beginning of 2015, over 
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1300 neighbourhood plans were under production and most were in market towns 
and rural parishes, reflecting the inequalities of the market in the distribution of the 
requisite economic, cultural and social capital needed to write a plan. Within this 
total were over 150 urban areas and among these many disadvantaged inner city 
neighbourhoods that had previously benefited from neighbourhood management 
or House Market Renewal programmes and had a history of participation and com-
munity action to draw on in developing their neighbourhood forums. The interest 
in neighbourhood plans in these deprived areas was often evidence of the proactive 
involvement of local authorities who saw a potential resource in the wake of the 
withdrawal of regeneration funding and in the face of budget cuts that had reduced 
services to the statutory minimum (Lowndes and McCaughie 2013). Neighbour-
hood planning became almost the only available framework through which the poli-
tics of collective consumption could be pursued.

The sections that follow build on research with these urban neighbourhood fo-
rums carried out between 2013 and 2015. The aim of the research was to assess 
the impact of neighbourhood planning on civic engagement in urban areas. It was 
conducted through a preliminary review of online resources including the constitu-
tions of neighbourhood forums, their applications for designation, council decision 
papers, minutes of meetings, consultation strategies, draft and final plans. This was 
followed by interviews with the chairs and secretaries of neighbourhood forums, 
observation at forum meetings and separate interviews with the relevant officers 
from the planning authority. The national sample represents only a minority of 
neighbourhood plans, and it is important to acknowledge that there are other stories 
that could and will be told about neighbourhood planning. But the findings from 
this research reveal clearly the differing contentions of community sustainability 
that emerged in neighbourhood planning. The sections that follow identify three dy-
namics in urban neighbourhood planning that (1) revive contentions around greater 
democratic engagement in sustainable development, (2) evidence a convergence 
between sustainability and strategies of resilience and community enterprise and 
(3) indicate innovation in social sustainability through the recruitment of reciprocity 
and neighbouring as community practices.

13.3  Sustainable Communities and Collective Action

The introduction of neighbourhood planning in England differed from previous in-
carnations of sustainable communities in addressing a collective public rather than 
an assemblage of disempowered individuals (Brownhill 2009). Under the spatial 
development policies that evolved from the sustainable communities plan (ODPM 
2003), residents were addressed as individuals whose participation should be guid-
ed by rational choice and residents’ organisations were caricatured as selfish interest 
groups, mocked as NIMBYs (Not in My Back Yard) and presented as unrepresenta-
tive of the public will (Bailey 2010; Lowndes and Pratchett 2012). Plan-making by 
communities, and especially villages and parish councils, was promoted, but these 
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plans were granted no statutory weight. Collective participation was frowned upon 
as a disruption of the free exchange of market information or as a privileged volun-
tarism undermining the even-handed process of representative democracy (Barnes 
1999; Newman 2001). The innovation of neighbourhood planning was in establish-
ing a clear framework for integrating collective participatory democracy into the 
top-down plan-making of the local authority. The community was established as a 
political entity, or planning polity, and legal recognition was awarded to community 
groups as collective actors. Public participation acquired a narrow political domain 
in which autonomous collectives could debate questions of needs and resources, 
challenge the power and knowledge of managerial and professional elites and gen-
erate their own spatial development strategies. It was as a political entity rather than 
as an amorphous and individually imagined public that communities entered the 
neighbourhood plan-making process.

The opportunity to develop an autonomous vision made neighbourhood planning 
appealing to residents who had experienced a sense of powerlessness and margin-
alisation in political decision-making. A local government service with well-devel-
oped statutory mechanisms of consultation, planning can serve as a proxy for all 
state systems from which local people feel excluded. In some urban areas, neigh-
bourhood planning became the focus for a generalised dissatisfaction with hierar-
chical decision-making and appeared to articulate a wider desire for involvement in 
decision-making. In the terraced streets of Preston, a town in North West England, 
the neighbourhood planning forum, Friends of Fishwick and St. Matthews, was set 
up by local residents who had formerly served as community representatives on a 
sustainable communities programme for their area. When neighbourhood renewal 
funding ended and the local regeneration team were withdrawn, the residents set up 
their own community group and began work on a neighbourhood plan. The secre-
tary of Fishwick & St Matthews neighbourhood forum explained her motivation for 
starting a neighbourhood plan:

I guess this was the reason I got involved, I just realised how much contempt there is, 
overt contempt, shown to people from deprived neighbourhoods. And I guess the planning 
process in that particular instance, as far as I’m concerned, confirmed everything that I 
thought… and I was just absolutely enraged…and I just felt that it’s the general attitude 
of public servants towards people in deprived neighbourhoods, the way that they, they just 
don't count, and that’s how it feels.

Her anger at the marginalisation of deprived areas, and the exclusion of commu-
nities from development decisions, motivated her engagement in neighbourhood 
planning. She saw it as an opportunity to begin to reverse hierarchies of power and 
to affirm the local community as the privileged source of knowledge and of more 
democratic service planning. The concept of sustainable communities became here 
an appeal to equality and a challenge to spatial injustice.

Development decisions were not always the main concern for community groups 
but spatial plan-making gave them a platform to identify and campaign for the pub-
lic services they needed. The statutory powers of neighbourhood planning made it 
attractive to those groups looking for an institutional route to express their opposi-
tion to the impact of state welfare reductions. The decision of Manchester city coun-
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cil to close the local library in the suburb of Northenden was the trigger that fired 
the local community group to start a neighbourhood plan. Buoyed up by their sit-in 
protest over the closure of the library, the campaigners saw a neighbourhood plan 
as an opportunity to move beyond being ‘informed, not consulted’, as the secretary 
of the Northenden forum said:

The council conflate the two ideas, they think informing is consulting and so, there was a lot 
of frustration on many issues all over…because I just think this community’s been treated 
so unfairly actually, it’s just not right and that’s it.

Neighbourhood planning conferred a defined spatial identity on communities in 
their pursuit of sustainability, and it could have collectivising effects in reaffirm-
ing a sense of ‘living in nearness’ (Kearns and Parkinson 2001). Neighbourhood 
forums had to submit their proposed community boundary to the local authority for 
approval and boundary-setting necessitated participatory negotiation to define the 
spatial limits of ‘people’s felt sense of identity’ (Stoker 2004, p. 125). Agreement 
over the boundary of a neighbourhood plan could have unifying effect, bringing 
residents’ and community groups together in a shared vision for their area. The fact 
that this vision, once approved, would acquire statutory weight gave greater cred-
ibility to the community action of residents’ groups. In the community of Holbeck, 
in the city of Leeds, three separate residents’ groups came together to establish a 
neighbourhood forum that provided one focus for relations with the municipal au-
thority. The community activists found it easier to tackle problems as a combined 
force. They had long experience of community action and, over a period of 7 years, 
had worked with the local authority on plans for a housing private finance initiative 
(PFI) but in neighbourhood planning they saw a unique opportunity to finally take 
the lead in producing their own ‘people’s vision for the next 15 years’ as the chair 
of the forum explained.

I think the thing is in the past plans and developments for lots of areas have been imposed 
from above, with very little consultation. Here, we have got a chance to consult at an early 
stage. And whether or not what we say gets implemented, at least we have got a voice and 
we are being listened to.

Neighbourhood planning gives legal recognition to the community as a represen-
tational space of empowered democracy and provides a statutory framework that 
can be used to champion claims of equality and justice in sustainable development 
planning. It does so, however, only ideally. The next section explores the limits of 
neighbourhood planning and the visions of sustainability it can inspire.

13.4  Sustainability and Community Enterprise

Neighbourhood planning was designed to ‘create the conditions for communities 
to welcome growth’ (Clark 2011) and its spatial planning powers are intended to 
be used to achieve sustainability without impacting on development markets. Al-
though it enables communities to set out a 20-year vision for their neighbourhood, 
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the neighbourhood plan has no connection to national or local investment planning. 
The only source of investment available to town and parish councils, and urban 
neighbourhoods who produce a neighbourhood plan, is a levy on any private devel-
opment that takes place. The amount received from this Community Infrastructure 
Levy is dependent on market demand for land in the area. Market towns and rural 
parishes that have land sites attractive to the large volume house builders will re-
ceive a quarter of the revenues accruing from the Levy while suburban neighbour-
hoods on the urban fringe will also benefit once they have agreed a neighbourhood 
plan. Public investment in schools, community facilities and infrastructure will, to 
a significant extent, be dependent on the site acquisition strategies of the property 
market and inequalities in public spending will become increasingly linked to the 
uneven geography of capitalist growth (Clarke and Cochrane 2013).

In the deprived east end of Preston, the community of Fishwick and St. Mat-
thews thought neighbourhood planning was an opportunity to improve the quality 
of their inner city environment. The main problems they sought to tackle were traf-
fic pollution and the lack of green space. The mission statement of the neighbour-
hood forum is to be ‘a better, cleaner, safer place to work and live in’ (FOFS 2014). 
The secretary explained the vision of a sustainable community that motivates her:

I am optimistic because I look down the road and I don’t see what you see. I see a pretty 
town, nice firms and shops, nice pretty painted houses, people that are happy and, you 
know, not that sort of atmosphere of just tough life.

The opportunities for changing Inner East Preston were, however, very limited 
without public investment. Development sites were few, and there was little market 
interest, and the changes the community wanted to see required the creation of new 
parks and road improvements that required significant public finance. The Preston 
council planning officer working with Fishwick and St. Matthews explained her 
concerns over the limit of what the plan could achieve:

I have this worry that it’s one thing to write a plan but how do you actually put it into 
action? It is the delivery which is the difficult part. I mean there’s no harm in having a few 
aspirations, but the area won’t be completely transformed. It will still be the same area.

The limits of neighbourhood planning are very apparent in urban areas of depriva-
tion. The right to agree a development plan is no right at all without a development 
market. The secretary of the neighbourhood forum understands this:

You’ve got the power and opportunity to influence planning policy, but what does that 
mean to someone who lives somewhere where they can’t park, where the housing stock is 
very poor, you know what does it mean? It means nothing.

The only source of investment for the Fishwick and St. Matthews community in 
Preston comes from charitable donations, and they have benefited from a lottery 
grant, under the Big Local programme, which will enable them to carry out some 
environmental works. Patronage and donations aside, the expected course of action 
for communities marginalised by capital growth is to become economic actors and 
create their own development market, an approach adopted on the outskirts of the 
midlands city of Northampton, where a neighbourhood plan is being led by a vol-
untary association, under the project name, Growing Together. This voluntary as-
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sociation used to manage a £10 m service contract for the municipal authority under 
the former neighbourhood renewal programme. When the funding was withdrawn, 
and in the absence of any further public investment, the association formed a new 
community management board, successfully applied for a Lottery grant and, with 
the support of the municipal authority, began work on a neighbourhood plan for the 
environmental works and community facilities funded by the Lottery. But the lack 
of any other source of public investment limits the ambitions that can be planned 
for, as the co-ordinator explained:

To be honest I don’t think there’s any possibility of any sort of visionary vision for this area 
within the economic circumstances. It’s a very difficult area to have a sort of bright, clear 
vision of the shining city in the sky in 20 to 30 years’ time.

In the absence of the sort of spatial redistribution strategy envisaged under the origi-
nal Sustainable Communities Plan, Growing Together will act to generate its own 
development market. They envisage that the community group will be constituted 
as a Community Interest Company or charitable trading company, and that it will 
bid to deliver limited local services for the Borough Council. This strategy appears 
to exemplify the self-reliance and resilience expected of communities as an attri-
bute of sustainability. The neighbourhood plan has provided the community with 
a statutory framework through which the self-management and the acquisition of 
public assets can be envisaged. But, it also provides the community with a model 
of participation and democratic engagement that will characterise the services and 
bring them closer to community control. The plan co-ordinator said:

It’s a part of my vision for the 15 to 20 year future that Growing Together will be estab-
lished as a legal entity which is able actually to deliver services, but to deliver them in a 
way that is obviously managed by the local community. So effectively you’ve got the old 
Victorian intervention of the people voting for representatives who will manage the ser-
vices, but you’ve brought it much closer into neighbourhoods, you’ve effectively brought 
it into the 21st Century.

The Growing Together group define sustainability in terms of participation, co-
production and self-management even as they embrace the self-reliance required 
under a policy of spatial liberalism. But the opportunities to create community as 
a space of care, empowerment and redistribution have diminished (Staeheli 2003). 
Sustainable development has been detached from accompanying concerns for in-
equality and political exclusion and now appears defined wholly in terms of eco-
nomic self-sufficiency (Lepine and Sullivan 2007). The only option available to 
the Growing Together group is to develop the capacity of residents for enterprise 
in the hope that sustainability can be achieved by market mechanisms. But social 
enterprises do not represent a community and there are limits to their attachment to 
place and the empowerment and democratic engagement in local services that they 
can deliver (Amin et al. 2002). Without support from the local state, a social enter-
prise is unlikely to flourish in a deprived community (Trigilia 2001). The next sec-
tion explores how the discourse of community enterprise and self-reliance may be 
shaping the local welfare state and creating innovation in the governance of public 
services, and it investigates the role of the local state in the resilience of sustainable 
communities.
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13.5  Sustainability and Social Justice

In neighbourhood planning, the community was established in putative opposition 
to the local welfare state, as a more sustainable provider of services. The Localism 
Act 2011 awarded rights to communities to bid to run public services and take over 
public assets alongside the right to enact neighbourhood plans. The main beneficia-
ries were not, of course, local communities, but the multi-national companies and 
global finance markets involved in privatisation and outsourcing (Fyfe 2005). Many 
neighbourhood plans, however, included strategies for asset transfer, and commu-
nity trading companies were set up to run public services. For market theorists, 
the capacity of community to generate social capital through unpaid reproductive 
labour provides a model for the re-engineering of public services around a new 
and more enterprising public. The sustainable community as social capital offers 
a moral economy with ‘rights and duties about consuming and repaying existing 
side by side with rights and duties about giving and receiving’ as the anthropolo-
gist Marcel Mauss (1954, p. 11) once observed. In anthropological studies at any 
rate, social capital represented an economic model of social relations that could 
replace the universal services of the welfare state with a responsibility on citizens 
to actively engage in their own social sustainability. Applied as political strategy of 
austerity by the coalition government in England after 2010, this vision of welfare 
pluralism founded on the potential of social capital promised a ‘radically differ-
ent form of local governance’ (Lowndes and Pratchett 2012, p. 22). The quality of 
welfare services and content of social provision would depend on market systems 
of distribution, favouring those affluent communities traditionally associated with 
social capital and the skills, education, contacts and ability to donate higher levels 
of unpaid labour to voluntary service (Farnsworth 2012).

Despite the political expediency of this new vision of partial social sustainability, 
its suitability as public policy was questioned, particularly in relation to deprived 
urban neighbourhoods that appeared purposely excluded from this new localism in 
welfare provision. The expectation that the community, as a non-gender-specific 
reference to women’s unpaid care work, could take over from the state was arguably 
unrealistic, and openly unfair, given changes in labour force participation and the 
impact of public spending cuts. There was a vital and continuing role for the state 
in providing the infrastructure and equality of service that could encourage commu-
nity reciprocity (Lowndes and Pratchett 2012). Conversely, some saw the potential 
for a progressive localism to emerge from this return to community sustainability, 
recalling traditions of self-help and co-operation established by the labour move-
ment, and pointing to the origins of the National Health Service in local initiatives 
of mutual aid (Featherstone et al. 2011). The fragmentation of community initia-
tives suggested an opportunity to rebuild social sustainability from the bottom-up 
by fusing the traditions of municipal socialism with the legacy of community action 
in a new infrastructure of state services (Clarke 2009). Interpreted through these 
idealistic perspectives, the sustainable community could be asserted as a challenge 
not only to the collectivism of the welfare state, but also to its hierarchical gover-
nance. As the urban social movements of the 1960s and 1970s showed, the incor-
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poration of communities as managers and providers of welfare services disrupts not 
only the universality of the service, but also its hegemony of knowledge and power 
(Cockburn 1977).

In the east Pennine town of Accrington, the neighbourhood of Clayton-le-Moors 
and Altham is approaching this new regime of community welfare through asset 
transfer and neighbourhood planning. A community interest company was formed 
to take over a former local authority service centre called Mercer House, with a 
management board that included local councillors, the council chief executive and 
the head of a local housing association. Many of the same personnel also serve 
on a community development board for the neighbourhood, a council consultative 
committee with devolved spending powers. The community development board is 
producing a neighbourhood plan, while the community interest company is con-
tinuing to acquire assets from the council and bring them back into use. A former 
Housing Market Renewal Area, Clayton-le-Moors and Altham once benefited from 
regeneration funding and had its own local neighbourhood management team. Now, 
the one-stop shop that was the hub of the neighbourhood management project is run 
by local volunteers recruited by the Mercer House community interest company. 
Another two council buildings have been taken over by the community company 
to provide training and youth services. It is part of the Mercer House philosophy 
that public services that are run by local volunteers become more truly public and 
that the role of the local state should be to encourage residents to ‘own’ or take 
responsibility for achieving the service outcomes they require. The local councillor 
who leads the neighbourhood planning forum, and heads up the community interest 
company, explains:

Council buildings need to be self-sustaining and if they aren’t, I’m not saying they’ll go 
tomorrow but they will go and these people have got to understand that. So really we’re 
acting to bring these community centres back into full use.

But it is not just the community assets. It’s getting the community involved and that com-
munity involvement is vital to the success. We couldn’t change the way the council worked, 
but we have seen the change in attitude since we’ve run it, because we’re not council and 
that’s something we’re having to get away from. It’s trying to bring it back to the commu-
nity so they understand that it’s theirs, it belongs to the community.

In Clayton-le-Moors and Altham, austerity is an opportunity to recast the local wel-
fare state according to the principles of reciprocity and mutual aid. The neighbour-
hood development plan becomes a blueprint for the social outcomes identified by 
the community while asset transfer passes the responsibility for achieving these 
outcomes to residents themselves. As the plan co-ordinator said:

If the community can come up with a plan that addresses all these issues, and sets out what 
this township is going to be like in the next 10–15 years and that is all done by the com-
munity, that’ll be great because it shows the community’s in the driving seat, steering this 
and it’s not something that’s being imposed by the local authority.

But neighbourhood planning does not adapt easily to the role of community service 
planning as the Clayton forum are aware. While their public consultation is about 
schools, housing, safety and dog fouling, the plan is supposed to allocate land for 
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development, and there is little private market interest in this densely populated 
neighbourhood. Nor is it easy to plan for a sustainable community, when essential 
services like the primary and secondary schools no longer sit within the influence 
of the local authority, but operate, like housing, in something resembling a free 
market. The neighbourhood plan in Clayton-le-Moors and Altham cannot provide 
a vision for the sustainable development of the community, and instead becomes 
a catalogue of needs that can only be met by voluntary endeavour. The plan is a 
statement of community resilience, a testimony to the ability of deprived neighbour-
hoods to survive on their own resources and develop their own services. As the plan 
co-ordinator said:

There was a lot of government money put into things like neighbourhood management, 
House Market Renewal by the last government. When that all got cut, Mercer House has 
shown what can be done without all that financial investment coming into an area. And if 
this model can be replicated to other places then yeah, let’s do it because it really is the com-
munity taking hold of their assets and running them how they want to do it.

This representation of community control disguises the continuing role played by 
councillors and local authority officers in the management of this asset-transfer 
strategy. The leadership of Mercer House remains in the hands of professionals and 
retired councillors, and the production of the neighbourhood plan depends on the 
guidance and the support from officers in the planning authority. Rather than a mod-
el of community resilience, the transfer of assets to a community interest company 
appears to be a council strategy to reduce costs by harnessing the unpaid labour of 
reciprocity according to a rationale that argues that participation in the delivery of 
public services makes them more effective. Although presenting this as innovation 
in the community control of public services, the local state retains its commanding 
role and has outsourced delivery to volunteers. The reciprocity assumed to be avail-
able to regenerate the neighbourhood is a normative representation of community 
mobilised to support a dispersal of local authority into new forms of governance. 
Public assets are presented as embodied social capital; they are the tangible evi-
dence of a sustainable community. Beneath this representation, we can perceive the 
transfer of public services across the gendered divide into the unpaid labour of 
domestic and neighbourly care. Rather than provide a framework for sustainable 
development, the neighbourhood plan becomes a design for resilience in the face of 
service withdrawal. Sustainability is the ability to survive without economic growth 
or redistribution.

13.6  Conclusion: The Future of the Sustainable 
Community

This chapter has traced the contrary representations of the sustainable community 
in English spatial development planning since 2003. Our concern has been with the 
chameleon-like properties of community as a place-holder for practices of sustain-
ability. We have argued that these practices draw on the representation of com-
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munity as a demarcated and gendered space of social reproduction. The value of 
the sustainable community has been the flexibility with which its practices can be 
adapted as behavioural norms to the requirements of the formal economy. They can 
be applied variously as reciprocity and neighbouring, resilience and self-sufficien-
cy, responsibility and enterprise. Sustainability can be relegated to the margins as 
reciprocity or harnessed to economic growth as social capital and similarly, as the 
spatial representation of unpaid care work, the community can serve as a reservoir 
of precarious labour, a classification of land values or a polity of democratic gov-
ernance.

The concept of the sustainable community has allowed the priorities of resource 
conservation and environmental protection to be relegated to the domestic and pri-
vate sphere of social reproduction. Far from achieving a balance between economic, 
social and environmental objectives, sustainable development has jettisoned its eth-
ical concerns behind a gendered divide so that the burden of ameliorating economic 
excesses is borne by those least able to affect it. This strategy has not been without 
challenge and the sustainable community has provided the rationale for a continu-
ing conflict over the resources of collective consumption and the share of the sur-
plus that should be allocated to social reproduction. Submerged in the informal 
economy of domestic and neighbourly care, sustainability has emerged as a model 
of resistance to the market expressed in the values of socialisation, mutual aid and 
collective action. The sustainable community represents a gendered class politics of 
redistributive justice. In its capacity as social capital or resilience it offers, too, an 
ambiguous and contradictory model for the reinvention of the local welfare state, 
shaping public services that are more participative and receptive to local knowl-
edge, but that are dependent on the exploitation of unpaid labour and the unequal 
distribution of limited personal resources.

In tracing the trajectory of spatial development planning in England, we have 
evidenced a metamorphosis in representations of the sustainable community. The 
effective redistribution of public goods and the promotion of national standards 
of social and environmental protection were originally components in a planned 
programme of economic growth. As the balance shifted towards the successes of 
capital accumulation, the sustainable community was metaphorically shunted from 
its private sphere into the private sector where its residents were to be rendered 
capable of economic self-management. The community was imagined as a territory 
of sceptical consumers, not beneficiaries of public redistribution but generators of 
private wealth. The onset of neighbourhood planning in 2011 signalled the whole-
sale transfer of responsibility for sustainable development from state and market to 
the unpaid labour of community. Neighbourhood planning imagined the community 
as a market place in which sustainability was bought and development rights sold, 
while neighbourhoods were deployed as a sorting mechanism to provide a hierar-
chy of economic opportunities. The distribution of public goods became heavily 
dependent on the geographical whims of the property market and the task of com-
munities was to attract development while seeking to mitigate its negative effects. 
Under neighbourhood planning, an uneven landscape unfolded where affluent areas 
drained their resource of social capital to ameliorate undesirable development and 
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acquire public goods, and urban neighbourhoods experimented with welfare mutu-
alism to withstand the severity of austerity. A plurality of sustainable communities 
appeared, each a precarious attempt to use a spatial planning framework to defend 
the values of social reproduction against the impact of uneven development.

The production of the sustainable community as a receptacle for social and 
environmental concerns necessitated the transfer of limited statutory authority to 
community organisations. Neighbourhood planning, in particular, provided statu-
tory representation to the community as a territory of empowered participatory 
democracy. It gave further definition to an institutional framework of community 
self-management and enterprise that carried with it contentions of equality and spa-
tial justice framed within an agenda of public sector outsourcing. While spatial 
inequality has radically widened, inequalities in representation have been margin-
ally reduced through the advancement of collective participation and community 
control. The frustration and anger of marginalised communities has been given col-
lective voice and provided with a ration of statutory power. Local authorities and 
community groups have seized on the partial powers of neighbourhood planning 
to maintain strategies of spatial justice, drawing on limited sources of patronage to 
revive models of mutualism and articulate a more participatory model of service 
planning and delivery. This is a patchwork politics of place, structured by the de-
mands of capital accumulation into winners and losers. The disputed concept of the 
sustainable community now inspires a plethora of projects attempting to regulate an 
unrestrained development market or fill a vacuum in state investment planning. The 
future of sustainability will be etched in these precarious attempts to piece together 
a new umbrella of environmental and social protection.
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Chapter 14
Social Sustainability and the Housing Problem

Jamileh Manoochehri

14.1  Introduction

The issue of sustainability which started as an environmental concern has been 
defined in a number of ways, each reflecting a particular approach. While the term 
‘sustainability’ has been in use for around three decades , the most referred to as-
pects are environmental, economic and social sustainability. Environmental sus-
tainability is perhaps the most easily quantified. The impact of development on the 
ecology of the earth is to be kept to a minimum. The embodied energy of materials 
used on site, the energy consumption of the development once complete and lived 
in are measured or projections of such consumption are considered in order to gauge 
the impact of the development. Economic sustainability is probably the most easily 
quantifiable of the three measures of sustainability. The project simply cannot be 
carried out unless it functions as an economic proposition.

Social sustainability is more complex. As Bramley and Power (2009) suggest, a 
significant proportion of sustainable development rhetoric now refers to the impor-
tance of social equity (Bramley and Power 2009) and at policy level, we see refer-
ences to social sustainability in documents published by the DETR (1997 and 2001, 
cited in Bramley and Power 2009).

There are, however, international agreements and documents that put social 
sustainability on a par with economical and environmental sustainability (UNC-
SD 2012).
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14.2  Sustainability as a New Paradigm

In order to offer a more expansive definition of social sustainability, a connection 
is sought with the concept of the community. Brindley proposes that ‘implicit in 
the notion of “social sustainability” is a pattern of social relations within the city 
that is more sustainable than current patterns’ and that it amounts to a critique of 
the social condition of the city today and a ‘reaction against the consequences of 
dispersal, segregation and exclusion’ (Brindley 2003, p. 54). The latter three aspects 
of present-day cities were the focus of some attention during the first decade of the 
new millennium.

In 1998, the government commissioned a report by the Urban Task Force (UTF). 
Its report was one of the several documents published in the last throes of the twen-
tieth century advocating a new approach to the development of sustainable cities in 
Britain (Egan 1998). In its report Towards an Urban Renaissance (1999), the UTF 
promoted the city as a dense, lively and diverse place. The report identified certain 
criteria as crucial in creating such a city; among these were the site and setting, 
character, public realm, mixing of activities, mixing tenures, sustainable buildings 
and environmental responsibility.

These criteria were identified as central to the creation of a sustainable urban 
environment. It might be said that out of the three components of sustainability, 
the social aspect is the most discriminating and with the most immediate impact, 
especially where social housing is concerned. Becker et al. suggest that there is a 
relevance to social sustainability of notions such as social equity and social jus-
tice—associated with social structure and related to gender equality and political 
participation (Becker et al. 1999).

The link between social sustainability and the notion of community is alluded to 
in other documents too (Bramley and Power, 2009). New formulations were offered 
by the UTF for new developments. The adoption of ‘mixed use’, ‘mixed tenure’ and 
‘high-density’ developments became the main pillars of a new orthodoxy at the turn 
of the millennium, aimed at creating a thriving and lasting community. Mixed ten-
ure and mixed use have had many examples in cities of Britain and Europe where 
thriving communities earn their living and create lively and attractive places to live, 
work and visit. Higher densities have had a different past.

Definitions of a number of key factors that determine the quality of housing have 
remained roughly the same for a number of decades although orthodoxies and ideas 
of ‘best practice’ have changed. In the last 20 years, given that shortage of social 
housing has been a constant within many variables, studies and policies have tried 
to make the most of what there is—the existing urban fabric-and have tried to find 
efficiencies. Density is an obvious factor in determining the number of dwellings 
that the city can contain, and the amendments to the Welfare Reform Bill1 were 
introduced partly in relation to the issue of density.

1 The Bill was approved in the House of Commons on 24 October 2012 by 260 votes to 206.
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There has been research that links social sustainability to other aspects of social 
life. Littig and Griessler (2005) link social sustainability to a number of core indica-
tors:

• Satisfaction of basic needs and the quality of life—individual income, poverty, 
income distribution, unemployment, education, housing conditions and health, 
security as well as subjective satisfaction with work, health, housing, income and 
environment.

• Social justice (as articulated within the sustainability discourse) and social co-
herence. Social justice covering justice regarding the distribution of economic 
goods (e.g. income); as well as the broader philosophical definition implying 
equal opportunity regarding quality of life and participation in society, in educa-
tion and in further education.

• Aspects of social coherence, e.g. integration into social networks and involve-
ment in activities as volunteers as well as measures for solidarity and tolerant 
attitudes (Littig and Griessler 2005).

Some of these indicators have clear spatial representations and some are manifested 
in relationships between individuals or between systems. Housing contains both 
characteristics. Various aspects of the physical environment and the way we relate 
to it have been studied through the concept of environmental psychology and its 
link to the people’s lives (Rapoport 1969). Rapoport tries to find a link between 
sociocultural factors, built forms and the interactions between people and the built 
environment. Not only does the environment affect us physically, but it conveys 
a meaning too (Rapoport 1969 cited in Franklin 2001). Rapoport (1982) studies 
the way residential (as well as other) environments are perceived—positively or 
negatively. This kind of input may affect the experience or perception of inhabitants 
about their environment and may determine their satisfaction with it and their as-
sessment of its quality. It appears that the ‘subjective’ dimension of the experience 
of living in a place is indisputable—we each perceive our environment according 
to our past experience, and our values and expectations play a part in what we think 
of a ‘place’. Therefore, the way we perceive our environment will impact on how 
we interact with it, how we project our existence in it and on whether we will be a 
willing party to sustaining it.

The built environment affects us not only as individuals but also as communities 
and as social groups. The study carried out by Glaeser and Sacerdote (2000) is of 
interest in that they have examined the connection between housing structure and 
social cohesion. They studied high-rise buildings and compared them to single-
family dwellings. They asked about the levels of the occupants’ sense of citizen-
ship and behaviour associated with different building types. They summarise their 
findings thus, ‘residents of large apartment buildings are more likely to be socially 
connected with their neighbours, perhaps because the distance between neighbours 
in apartment buildings is lower than in houses’, and rather importantly that ‘apart-
ment residents are less involved in local politics, presumably because they are less 
connected with the public infrastructure and space that surrounds them’; and ‘street 
crime is also more common around big apartment buildings’. The authors of the 
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study attribute this latter finding to the fact that there is less connection between the 
people in apartments and the streets that surround them. The conclusion of Glae-
ser and Sacerdote somehow explains why in an estate with high density and low-
income tenure, a sense of ghettoisation and of the erosion of the sense of citizenship 
may result. Any process of marginalisation of a community is detrimental to the 
whole society and a detriment to social sustainability. These conditions are the re-
sult of state policies.

The impact of social and housing policies in the last 25 years has been among the 
most pronounced with regard to low-income housing, with significant consequenc-
es on both the demography of social housing and the composition of its stock. The 
1980 Housing Act opened the way for Britain’s local authority tenants to purchase 
their property at highly subsidised prices. Local authorities were removed from the 
housing development equation, which they had dominated since the earlier decades 
of the twentieth century and were turned into property managers. This role too, was 
challenged soon as large scale ‘transfers’ pressed ahead and removed social housing 
stock from the control of local authorities and placed them in the control of housing 
associations. The result of these policies was manifold. The emphasis on home-
ownership as a pillar of the central government policy was accompanied by low 
interest rates, encouraging anyone with a regular income to try to purchase a prop-
erty, through mortgages from building societies and banks. The rush-to-purchase 
created high demand which in turn raised the prices of properties, including the 
local authority stock now entering the market, as established tenants bought their 
council-rented housing at high discounts only to sell in due course, at market prices 
and at substantial profit.

The sales benefited many council tenants in the short term. However, the  overall 
effect of the policy was to privatise social housing. Once they had entered the mar-
ket, the local authority stock would command different prices according to the 
 desirability of their location, their environment, size and general marketability. The 
end result was that the most desirable units, in the best areas, were successfully 
privatised. This led to the local authorities being left with the least desirable stock. 
With a number of exceptions, the marginalisation of local authority housing was 
complete. This marginalisation and the perception of a stigmatised community are 
among the factors that militate against social housing2 today.

In the years following the UTF report in many new developments, the require-
ment for mixed-tenure was translated into locating social housing adjacent to private 
housing. By definition, units for sale need to be sufficiently desirable for purchasers 
to invest in them. The most advantageous units as far as access, views or spatial 
design quality is concerned, were assigned for sale. As social housing tenants are 
allocated their dwellings and do not exercise as much choice as the purchasers. As 
an example, The Greenwich Millennium Village was based on the Masterplan de-
signed by the Architect Ralph Erskine and was intended as a flagship of the efforts 

2 In this text, social housing refers to state-assisted housing, which is mainly Local Authority 
housing or that provided by Registered Social Landlords, which constitute Housing Associations
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by the government of the day towards sustainable development. The location or ori-
entation of the units intended for Housing Association tenants betrays a weakness in 
the approach, as the more desirable units are secured for private market.

The spatial distribution of low-income housing is affected and determined by 
new policies. How do the current trends in the spatial distribution of social housing 
affect social sustainability? It can be argued that spatial and social-network distribu-
tions are among the most tangible aspects of social sustainability. These are related, 
in turn, to access, space standards and social cohesion in its broadest sense. Each of 
the elements needs requisite support.

As McKenzie (2004, p. 13) defines it, when present, social sustainability is ‘an 
asset’—a ‘social capital’—which ‘allows for coherence and the ability to overcome 
hardship’ and it is related to whether ‘social capital is growing or diminishing’ 
where natural, human, social and institutional projects are the sites in which this 
social capital is used or produced. According to McKenzie indicators that determine 
level of social sustainability include equity of access to services, equity between 
generations, cultural integration, political participation and mechanisms for expres-
sion of collective needs and strengths, for political advocacy and for community 
action to advance these.

The concern for the social capital and social sustainability is a continuation of 
similar concerns that have affected policy and practice, albeit with a different nar-
rative. In the UK, the past hundred years have seen housing policies range from 
policies aimed at overcoming shortage of housing, providing housing for a country 
recovering from war and as a means of preparing for a brave new world made 
possible by new technologies and materials. This has been most visible in social 
housing. Over the years, social housing has been redefined and reshaped. Local 
Authorities and Housing Associations shared the provision of housing to those who 
qualified for access to them. The main difference between the two has been the fact 
that since the 1988 Housing Act, Local Authorities have had no power to develop, 
whereas SRLs still do. The housing provided by the latter often takes the form of a 
portion of a larger, private development with a social housing component. The 2011 
Localism Act (DCLG, 2011) introduced viability as a prerequisite; therefore, if a 
developer can demonstrate that the provision of affordable housing is not profitable, 
they can request that the council’s planning policy requirement is reduced or waived 
(Bowie 2014).

The profile of low-income housing in the social housing sector has changed over 
the years. The percentage of social-rented housing and private-rented housing re-
versed from early twentieth century to mid-century and now, they have returned 
roughly to where they were in the early twentieth century. In 1918, 23 % of house-
holds were in owner occupation, 1 % were social renters and 76 % were private 
renters. In the period after WWII and its universalist ethos, the social-rented sector 
rose steadily and was at 31.7 % in 1981 before the marketisation of social housing 
has commenced. During this time, private renting stood at 11 %. The privatisation of 
social housing, and various mechanisms to facilitate this, including tax exemptions 
for mortgages or readily available credit changed the composition of tenures, so that 
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in 2011–2012, they stood at 65 % owner-occupiers, 17 % social renters and 17 % 
all private renters (English Housing Survey, Table FAI21 (S108)). It is important 
to note that the term ‘owner’ conceals the fact that out of the 65 % owner-occupiers 
only 32 % own their homes outright and 33 % are mortgaged.

In the intervening period, one very significant change has occurred: the unravel-
ling of the belief that the state needs to intervene in order to provide for those whose 
income excludes them from the market. The fact that after the Second World War, 
this effort became a form of universal service meant that social housing which ca-
tered for the low income was not exclusive to the low income.

Rather importantly, in post-war UK, social housing tenants included better-off 
members of the working class as well as white-collar workers and professionals. 
Parker Morris standards, which recommended minimum space standards for hous-
ing in 1961, did so for all housing and intended the standards as minima.

The ascendancy of the neo-liberalism, its focus on the withdrawal of the state 
from such provision, and the accelerated privatisation of social housing in the form 
of subsidised sale of social housing stock to its tenants has meant that local authori-
ties in Britain have been left with a limited supply. The result has been that in the 
past few years, the demographic of council tenants has changed.

Government policies such as Right to Buy and the recent Help to Buy have 
escalated the commodification of housing. Those who can afford a mortgage enter 
the market to become part owners, and those who cannot, remain in the rented 
sector. 

The marginalisation of this tenure is compounded by their relative lack of choice. 
A recent report by the Office for National Statistics found that household spending 
matters to aspects of personal well-being. It is relevant in the study of residualisa-
tion and marginalisation of social housing to query how the well-being of the inhab-
itants is affected. The connection between social cohesion and social sustainability 
(Littig and Griessler, 2005) is clearly absent in a residualised housing sector.

It is suggested that such residualisation includes changing characteristics of 
social housing tenants, and that the inhabitants of social housing are likely to have 
rising levels of unemployment or declining incomes in comparison to the general 
population (Pearce and Vine 2014).

In a study carried out in 2003–2004 in five higher density wards, in London, 
LSE researchers recorded a number of findings related to higher densities in social 
housing and the dissatisfaction among the residents.

In terms of housing design, the research found that the residents ranked dwelling 
size third in the order of importance after security and sound insulation and before 
good quality open space and privacy. Out of the six successful features mentioned, 
personal outdoor space and generous space standards also stand out.

The key to the quality of life within high-density housing in less well-off areas is 
related to the amount of time an occupant spends in their home, and to how long this 
time is interrupted by engagements outside the home in pursuit of purposeful activ-
ity that in itself encourages a sense of well-being. Lifestyle appears to be a signifi-
cant aspect of how we occupy our homes. The MORI study (cited in LSE research 
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shows a higher rate of satisfaction among those who make more frequent trips out 
of London, either on holiday or weekend breaks, and that ‘the time residents spend 
working and socialising away from their homes may also impact significantly on 
their attitudes to dense neighbourhoods (LSE research, p. 71). In a study of high-
density college dormitories, Baum and Valins (1977) found crowding-related stress 
and divergent social behaviour and that the architectural design of human environ-
ments influence mood and behaviour.

In its physical manifestation, it is argued that inequity and social exclusion 
become ‘areas of deprivation with reduced access to public services’ (Brook 
Lyndhurst 2004; Macintyre et al. 1993; cited in Dempsey et al. 2011). The change 
in housing policy and provision in recent decades is believed to have increased 
social inequality, and the policy of targeting welfare has encouraged the better-
off into home ownership and has led to an increasingly residual-rented sector 
(Murie 1997).

Moreover, studies have also shown that the social-rented sector’s social base 
has narrowed to exclude middle or high earners (Burrows 1997; Forrest and Murie 
1983, 1990). Lee and Murie (1999) consider the spatial and social divisions in the 
city and suggest that the debate on residualisation could go beyond the consider-
ation of council and social-rented housing. They suggest that it is wrong to assume 
that the concentrations of deprived housholds are purely in the council sector (Lee 
and Murie 1997). What happens to social cohesion, when residual housing is the 
only form of housing accessible to the low-income? The concept of social cohesion, 
has been connected to solidarity and order (Lee and Murie 1999) and to functioning 
communities. Social cohesion is seen as a by-product of family and kinship, work 
and work place and is the ‘glue’ that holds people together who work in local places 
and meet and have relationships through work (ibid). Lee and Murie (1997) con-
sider transient populations and lack of commitment and investment in these areas 
and suggest that the functioning of council housing neighbourhoods is not about 
social mix and balance, but about the economic marginalisation of inhabitants that 
coincides with isolation and marginalisation in terms of other resources and ‘un-
stable populations’ (p. 636).

The broader definitions of social sustainability and social cohesion3 appear to 
be more useful and broad enough to cover the most significant aspects of margin-

3 Returning to the concept of social cohesion, the definition needs expanding and refining. In 
2003, a cohesive community was defined by the ODPM-appointed committee as one where: ‘there 
is a common vision and a sense of belonging for all communities; the diversity of people’s dif-
ferent backgrounds and circumstances are appreciated and positively valued; those from differ-
ent backgrounds have similar life opportunities; and strong and positive relationships are being 
developed between people from different backgrounds in the workplace, in schools and within 
neighbourhoods’. The definition of cohesion was influenced by the fact that the report followed 
disturbances in Oldham, Bradford and Burnley in the summer of 2001 and it was commissioned in 
order to advise on long-term integrated programmes in order to achieve social cohesion. 

Ethnicity and immigrant communities feature in many such reports or research. A study funded 
by Joseph Rowntree Foundation found that any racialised tensions between residents of multi-eth-
nic neighbourhoods had ‘material underpinnings around struggles for resources such as employ-
ment, housing and the physical infrastructure of the neighbourhood’ (Policy Studies Institute 2007)
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alised housing. By definition, marginalised housing is one that does not enjoy all 
the  diverse constituents that make a thriving community. This marginalisation is 
to a large extent defined by the economic marginalisation of its inhabitants. Social 
cohesion is bound to be related to commonalities and a sense of common identity. 
These, it may be argued, have been produced in the past through common em-
ployment, schools, religious practice, local community activity and the like. The 
identity of communities is formed by the work that the members of the community 
engage in. Their professions and their trades define them. It is perhaps wrong to try 
to find the answer in everything except meaningful employment opportunities that 
are linked to the locality in some way, in order to enhance local identity and social 
cohesion.

14.3  A chronology of Ideas and policies on Social Housing 
till 2009

The study of housing policy in the last hundred years reveals an intermittent 
 preoccupation with the concepts that are identified as central to social sustainability, 
among these were access to housing of socially acceptable standards, space stan-
dards and social cohesion. The level at which each was set was determined by the 
dynamics and the requirements of the socio-economic system reproducing itself. I 
propose that the housing policies of the last hundred years or so were responding to 
acute concerns about issues that affect and to a large degree define social sustain-
ability. As such they are bound to be important to study as lessons for the future. 
Key milestones in housing policy from the Tudor Walters Report onwards each 
reflects the social values that have a bearing on the way social capital is seen and 
the society itself is understood.

There have been a number of significant milestones in housing policy in Britain: 
Tudor Walters Report (1918), Dudley Report (1944), Parker Morris Report (1961), 
and the Housing Act of 1988. The later versions of these reports and housing Acts 
have not had quite the same impact as the earlier ones. The Urban Task Force report 
of 1999 commissioned by New Labour and the National Planning Policy Frame-
work of 2012, which was brought in by the coalition government of Conservative 
and Liberal Democrats, shows the clearest shift from their context, with a new ap-
proach. Each of these affected the methods, forms and standards of housing provi-
sion and the demography of its inhabitants to various degrees.

The first housing policies of the twentieth century emerged out of the sanitation 
policies of the earlier century but only after regulation seemed to have become ab-
solutely necessary for the maintenance of order and averting the risk of widespread 
disease and social disintegration (Swenarton 1981; Merrett 1979).

When it became clear to policymakers that something had to be done, the play 
between quantity and quality of provision kept resurfacing. In deciding on a prior-
ity, generally, two factors appear to be at work, factors that have remained evident 
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in the provision of social housing ever since. These related to the assessment of who 
should benefit from state-funded provision of housing and what is deemed to be an 
acceptable standard for housing the low income.

The statements made at the time reflect the value judgments that were at play in 
selecting the recipients of state assistance. The picture that Charles Booth (1902) 
paints of the period with the poorest inhabitants mapped out at the heart of London, 
mirrors of problems of access to housing of a socially acceptable standard nearly a 
century on. The main difference may be in the spatial distribution of the problem. 
As the living conditions of the poor worsened at the turn of the twentieth century 
and congestion increased, those who could afford to leave central areas of the city 
left for new lower density suburbs and the poor crowded into the vacated dwellings. 
A century on, the spatial distribution of accommodation exclusive to the wealthy 
appears to have been reversed, at least in London. Studies of the spatial distribution 
of social-rented, private-rented and owner-occupied properties in 2014 by Office 
for National Statistics show the social-rented sector is well-represented in the geo-
graphical centre of London and the owner-occupied properties dominate the band 
around this core. The core is occupied mainly by the rented sector, whether private 
or social.

At the turn of the twentieth century, the suburbs around London and the Metro-
politan cities were targeted for providing better low-cost housing.

The Housing (no.2) Act of 1914 was passed less than a week after the declaration 
of the World War I. Swenarton attributes the passing of this act to the fear that the 
outbreak of the war would lead to a suspension of building and therefore to wide-
spread unemployment in the building trades (Swenarton 1981).

The outbreak of World War I was a landmark in redefining social and  political 
expectations. Under David Lloyd George as the Prime Minister of the Wartime 
Coalition Government (1916–1922), Christopher Addison became the Minis-
ter of Health. The 1919 Act, known as the Addison Act, was a significant step 
in housing provision as it made housing provision the responsibility of the state 
and gave local authorities the task of developing new housing and rented accom-
modation for working people [Available from: http://www.parliament.uk/about/
living-heritage/transformingsociety/towncountry/towns/overview/councilhousing/; 
Accessed: 28.02.2015]. Addison became a key figure influencing housing standards 
for at least another decade. He was aware of the potential for centralised planning 
in order to meet the massive demand for housing and considered that the Ministry 
of Munitions was in a unique position as it functioned both as a manufacturing and 
an employment agency. He declared that never before had ‘the State assumed such 
extensive responsibilities for directing and originating production… It provided a 
new kind of opportunity’ and suggested that ‘…use ought to be made of the excep-
tional situation to secure a better and more humane standard of working conditions’ 
(Addison cited in Swenarton 1981, p. 50).

Prior to the post-war promises being made, the early efforts to respond to the 
shortage of housing were influenced by the Garden City movement. However, in 
1915, the Treasury curbed any avoidable expenditure stating that in order to curb 

http://www.parliament.uk/about/living-heritage/transformingsociety/towncountry/towns/overview/councilhousing/
http://www.parliament.uk/about/living-heritage/transformingsociety/towncountry/towns/overview/councilhousing/
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expenditure, ‘the erection of houses … on Garden City lines must be abandoned’ 
(PRO T132, 1915, cited in Swenarton 1981, p. 51). The Garden City movement 
however had become influential. The architect Raymond Unwin was included in the 
committee that drew up the Tudor Walters report—published in 1919. The  report 
advocated garden-city standards of house design, layout, circulation and the envi-
ronment for working-class housing. These aspects had been limited previously to a 
wealthy minority. In internal layout and equipment and density, the recommenda-
tions were an improvement on the best municipal housing of the previous years 
(Whitham 1982). Against this background, on the day following the Armistice, the 
Prime Minister Lloyd George announced a general election and undertook to secure 
‘habitations fit for the heroes who have won the war’, (The Times, 13 Nov. 1918, 
cited in Gilbert 1970). At this time, through the Tudor Walters Report, the Addison 
Housing and Town Planning Etc Act of 1919 came into being.

In 1917, mindful of the enormity of the problem, the ‘Royal Commission on 
the Housing of the Industrial Population of Scotland, Rural and Urban’ Cd 8731 
(HMSO 1917) wrote the state alone was in a position to assume responsibility and 
to undertake the necessary building schemes with assistance from the state, if neces-
sary (cited in Whitham 1982).

Would there be building of minimal standards in order to alleviate the pressure 
of the housing shortage? The Workmen’s National Housing Council (WNHC) ar-
gued against building down to the ‘poverty standard of the ill-paid and unorganised 
classes’ (cited in Swenarton 1981). They called for housing estates that would be 
aesthetically pleasing, equipped with communal facilities, private gardens, a bath 
and a supply of hot and cold water (ibid).

The narrative of working people’s entitlement to quality housing was lost after 
the war. The press played their part in this process by characterising it as extrava-
gance (Swenarton 1981). For a period after WWI, the needs and expectations of the 
people with low income were intense and the state’s policies appeared to be respon-
sive to these. The Addison Act of 1919 represented this attitude.

The earlier Garden City Movement left an indelible mark on the need to improve 
design quality in social housing.

The general election in November 1922 brought in the Conservative Party, 
whose government in turn revived the private sector in housing. The Housing Act 
of 1923, known as the Chamberlain Act, obliged local authorities to pass on the sub-
sidy to private builders. The local authorities were able to build only if they could 
demonstrate that private builders could not meet local needs.

At this time, there were no safeguards against lowering of standards by local 
authorities. The reduction in space standards in 1923 Housing Act was accompa-
nied with lower standards in layout and environmental standards. By the middle 
of the 1920s, the architects’ panels were discontinued and late in the decade and in 
the early 1930s, the design of social housing dropped in design quality. Whitham 
(1982) argues that the council houses of this time were still better built and better 
laid out than those by private builders.



33514 Social Sustainability, Ideology and the Housing Problem

Slum clearance remained a prominent aspect of the housing problem at this time 
and affected the consideration of typology and density, which moved away from 
the Garden City idea and towards blocks of flats. This typology came to lack the 
environmental standards of earlier council housing and local authorities offered im-
proved domestic equipment in order to compensate for this (Whitham 1982).

In 1929, the second Labour Government came to office. The Minister of Health, 
Arthur Greenwood, adopted a general needs housing policy, as stipulated in the 
Wheatley Act. Greenwood’s Housing Act of 1930 required larger local authorities 
to submit 5-year plans for dealing with their slums. Whitham (1982) attributes the 
move away from general needs housing in 1931 to an economic crisis. In 1933, 
the Housing (Financial Provisions) Act charged local authorities with mainly slum 
clearance. Bowley (1945) suggests that by this time the ethos of good-quality 
housing provision was replaced with a return to the sanitary policy of the nineteenth 
century.

A number of features stand out in social housing in the first third of the twentieth 
century. The most important is the recognition that the state needs to take action in 
solving the housing problem. The needs and expectations of people on low income 
were intense and the state had to respond to them. The Garden City movement 
created an understanding of the need to improve design quality in housing for the 
low-income. General needs housing became distinct from targeted housing, with 
the Labour Party favouring the former and the Conservative Party the latter.

As war broke out in 1939, house building in the UK ceased. In 1944, the Minister 
of Health appointed Lord Dudley to head a Sub-Committee of the Central Hous-
ing Advisory Committee and to ‘make recommendations as to the design, plan-
ning, layout, standards of construction and equipment of dwellings for the people 
throughout the country’ (HMSO 1944).

The Manual considered Site Planning and Housing: ‘Where big authorities must 
build a very large number of new houses, it may be possible to plan a new self-
contained community based on a new centre of employment. In such a community 
due regard must be paid to industrial, social, educational, and recreational centres 
and their relations to the new development as well as to accommodation for the dif-
ferent classes of people who make up a well-balanced residential neighbourhood’ 
(ibid, para. 16–19). Much attention was paid to the quality of the environment, and 
there was a recommendation for ‘improving thermal and acoustic insulation within 
buildings and the across party walls and floors—measures that affect the quality of 
the inhabitants’ lives significantly (ibid). The authors tried to pre-empt any financial 
arguments against their recommendations.

The idea of council housing being at the service of satisfying general needs was 
the starting point of the Housing and Town Planning Act of 1919 and shared by 
Liberal-dominated coalition, and Labour governments alike. This approach that was 
continued in the Housing Acts of 1924, 1946 and 1949 and the Housing Rent Sub-
sidies act of 1975 all of which aimed to achieve this objective. Council housing in 
the view of Labour at this point was not intended solely for the poor, the underprivi-
leged or the population of traditional working-class areas.
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14.4  Social Consensus

The earlier restrictions by law on local authorities, to provide housing for work-
ing class people, were replaced in 1949 by ‘a more comprehensive, universalist 
policy’ and subsequent legislation ‘placed a duty on local authorities to give 
reasonable preference to persons occupying insanitary or overcrowded houses, or 
who had large families, or who were living under generally unsatisfactory hous-
ing conditions—those people, in fact, who could prove housing need’ (Burke 
1981, p. 17).

In his 1949 Act, as Minister responsible for housing, Aneurin Bevan removed 
the restrictions on the local authorities to provide houses for the working class only. 
Instead, they could introduce ‘the tapestry of a mixed community’, where the doc-
tor, the grocer, the butcher and the labourer lived in the same street (Foot 1973).

Similarly, William Beveridge, the Liberal politician, in his foreword to The Re-
housing of Britain by Madge (1945), reiterated his commitment to raising housing 
standards as a means of redressing social inequalities. In doing so, he was redress-
ing the ‘greatest inequalities between different sections of the community’ there 
was no question that ’good housing—far better housing than we have at present—is 
the indispensable foundation for health, efficiency and education’… This was a far-
sighted vision, as it was ‘a waste of money to build hospitals to cure disease if fami-
lies are forced to live in houses that breed disease. It is a waste of money to build 
schools for children who must return every night to squalid, crowded, unhealthy 
homes’ (Madge 1945).

The whole society and the wholesome view of the life for the citizen drove part 
of the agenda at this time. Beveridge’s argument was for a new and better society 
where human and financial resources do not go to waste through lack of forward 
planning and vision. In this, Beveridge was not alone. He represented a left of centre 
stance of his Party, and it has been argued that his position reflected the left-ward 
shift of the electorate. (Knight 2006). This shift was not confined to the electorate 
but some of the political establishment as well.

In 1951, the Conservative government sanctioned a lowering of standards in 
social housing. A different ideology was trying to achieve ascendancy. The decline 
in standards started with Circular 38/51 of April 1951. The Circular prompted re-
ductions in circulations space while maintaining living space standards. Within 3 
years, the average area of a 5-bedroom space house had fallen by 11 sq. m. (Merrett 
1979). By 1959, the average floor areas for a new 3-bedroom house had fallen to 
897 sq. ft. (83.3 sq. m.) (Malpass and Murie, 1994, p. 75). In key periods, in the 
1950s, the government presented the market as the major mechanism by which to 
solve the housing problem. In this period, the principal measure of success became 
the number of dwellings to be built and politicians were acutely sensitive to the rate 
of new house building (Bullock 2005).

Under Macmillan the Conservative housing minister, the government built 
319,000 houses in 1953 and 348,000 in 1954, against the promised 300,000 houses 
per annum to which they had committed the Conservative government. This was 
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achieved as the result of Macmillan’s decision to relax the standards set by the 
 Labour housing minister, Dalton, in 1951. During his tenure, the rigorous stan-
dards set by Bevan were also lowered (Sullivan 1996). In January 1954, having 
reached the total target a year ahead of time, Conservatives hit a great electoral 
success, one as effective as that of 1980s when they championed the sale of coun-
cil houses.

14.5  Universalism and social policy

The rise of the post-war social democratic consensus coincided with social demo-
cratic governments in office in much of the Western world. This in turn signalled a 
shift in power balance, in the social attitudes and the political climate of the time. 
Whether there was consensus and to what degree, is debated. The term Butskel-
lism was coined pejoratively in 1954 to emphasise the difficulty of distinguishing 
between the economic policies of the Conservative Chancellor of the Exchequer 
R.A. (Rab) Butler and Hugh Gaitskell his opposite number in the Labour Party. Two 
significant aspects in this consensus are cited as ‘a commitment to equality’ and ‘an 
attempt to mitigate the worst aspects of inequality’ (Seldon 1991, cited in Gladstone 
1995). Kavanagh and Morris (1989) described the consensus as the finding of pa-
rameters of what was practicable, affordable and politically acceptable. 

The ideological influence on policies came partly from the intelligentsia and 
economists of varying views. In the aftermath of WWII, the ideas of John Maynard 
Keynes became dominant. Keynes promoted the government’s use of fiscal tech-
niques to control the economy, especially on the demand side, and thus full employ-
ment. During this time, there was also William Beveridge whose influence gave rise 
to a commitment to the provision of social welfare to the country’s citizens as well 
as control of essential sectors of the economy

Opposed to this stance were those who pressed for the freedom of the market and 
tried to change the focus of policy from the state providing welfare and equal op-
portunity for its citizens, to directing resources to critical problems, such as replac-
ing the worst housing, and halting the effective albeit partial decommodification of 
housing. The 1957 Act, which decontrolled new tenancies encouraged privatisation, 
was an instrument in this direction. The government argued that if a free market 
in housing was desirable and long-term, private landlords had to be able to charge 
rents that would give them an adequate return. Rent rises followed and the incentive 
to free-rented property led to unscrupulous landlords abusing tenants.

The ideological or theoretical input of academics like Mannheim was crucial 
in the tone and direction of the policies. Karl Mannheim of the London School 
of Economics was one of the ideologues who were asked to work on Conserva-
tive reconstruction policy (Harris, 1986). At the time, a study commissioned by 
the  government envisaged the state engendering a powerful moral order on the 
 society, centred on Christianity. On the practical side, Harris (1986) suggests that it 
proposed compulsory day release for young workers to acquire proper attitudes to 
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 citizenship, and the public schools would be taken over by the Board of Education 
to reduce the class division in society.

14.6  Homes for Today and Tomorrow

The argument for sustainability has the projection of the future at its core. In this 
respect the reports such as Parker Morris’ mirror the concern for building a sound 
(sustainable) the future, and its ethos is relevant to the arguments for socially sus-
tainable developments. The 1960s was an important period in the development of 
new ideas, the most significant indication being the Parker Morris Report. Health, 
education and social security were the high-profile aspects of the welfare state. At 
specific periods, housing joined them as an aspect worth prioritising. Overall, the 
welfare state was an ambitious project that relied on massive state intervention and 
with its introduction Britain came to have ‘one of the most comprehensive and 
powerful planning systems in the world’ (Hall 1973, p. 40).

The marked decline in standards in the 1950s had produced a counter-reaction. 
In 1959, a new design committee was set up under the chairmanship of Sir Parker 
Morris. The report of the committee was published in 1961 under the title of Homes 
for Today and Tomorrow. It cited the increase in living standards since 1944 as 
the main reason for revising the specification of new housing. The Report’s main 
proposals dealt with space, including storage space, and heating within the home. 
The committee criticised current practice ‘Homes are being built at the present time 
which not only are too small to provide adequately for family life but also are too 
small to hold the possessions in which so much of the new affluence is expressed’ 
(cited in Malpass and Murie 1994, p. 75).

The Parker Morris committee took account of the new living patterns and expec-
tations and it considered its report to be ‘applicable to private enterprise and public 
authority housing alike’ (HMSO 1961, p. 1). The Parker Morris report had the fu-
ture firmly in its sights: ‘Homes are being built at the present time which not only 
are too small to provide adequately for family life but also are too small to hold the 
possessions in which so much of the new affluence is expressed. Moreover, many of 
them have steep stairs and mean halls and landings. Such places cannot be expected 
to meet the needs of their occupiers today, still less to hold their value in the long 
term’ (ibid, p. 4). The report improved on the Dudley Committee (1944) recommen-
dations. It suggested, ‘And where for reasons of economic stability there may have 
to be a choice between standards and numbers built, we think that in future it should 
not be the standards that are sacrificed’ and ‘the homes of the country are one of its 
most important assets—assets which must be built to a standard at which they are 
likely to give reasonable satisfaction and therefore hold their value over the years’ 
(ibid, p. 6). The Parker Morris report came to reflect the values of a period in British 
social history when universalist ideas were in ascendancy.
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14.7  Selectivism and Social Policy

When in power the Conservative Party embarked on the process of the marginalisa-
tion of council housing through its promotion of the private market, and used taxa-
tion—or its removal—to do this. In 1963, the tax on owner-occupiers was abolished 
but they continued to get tax relief on the money they borrowed. The capital gains to 
be made by a landlord selling his property to an owner-occupier became irresistible. 
In the 1950s and 1960s alone, around 2 million private landlord properties were 
sold to owner-occupiers (Holmans 1987).

In practice, due to IMF demands in late 1976, major spending cuts had been un-
dertaken under the Labour Government and the idea of a smaller state was gaining 
ground before 1979. Various instruments started to be used to promote the market 
and (purportedly) to reduce public expenditure. In the 1970s, the Labour Party was 
also taking seriously the idea of the promotion of home-ownership. This shift in 
attitudes was also becoming visible in the electorate. Later in the decade, with the 
adoption of monetarism by the Callaghan administration and in response to the 
Green Paper, Housing Policy: A Consultative Document (Department of the Envi-
ronment 1977a), Labour abandoned the policy.

Furthermore, council housing became a target of public expenditure cuts, and 
public sector house building fell from 173,800 in 1975 to 80,100 in 1979, its low-
est level since the 1930s and insufficient to satisfy even welfare needs (Pearce and 
Stewart 1996). Improvements also fell—from a peak of 188,000 in 1973 (under the 
Heath Conservative government) to 111,000 in 1979, and in addition, many coun-
cils reduced their repairs and maintenance expenditure causing delays in getting 
repairs done, and frustration to tenants (ibid).

In 1979, the Conservative Party led by Margaret Thatcher came to power with a 
massive majority. One of the Party’s promises was that it would legislate for greater 
owner-occupation and the retreat of the state from main arenas of economy and 
social provision. If every decade marked the inception of what was to come in the 
following one, the 1970s may be said to have been the years when the idea of the 
withdrawal of the state and the rise of the market as a mechanism of control started 
gaining momentum. The ideas of free-marketers began to be seen in the policies 
promoted by politicians and most significantly embraced by the Prime Minister, 
Margaret Thatcher.

At this time, deregulation and selectivism were deemed to be the most appro-
priate approaches in social policy. The argument for selectivism was applied to 
most arenas of the social and civic life. As indicated in the Conservative Party’s 
publication, The Next Move Forward (1987), the government in the eighties was 
adamant: ‘Municipal monopoly must be replaced by choice in renting’. A process of 
privatisation of council housing started by which the tenants could elect to transfer 
the management of their estate from the local authority to another body. This was 
coupled with the policy of giving generous incentives to tenants to purchase their 
dwelling.
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Under the 1980 Housing Act, the government gave council tenants with a 
3-year history of tenancy, a right to buy their homes at generous discounts. These 
ranged from a third to half the value of the property and in some cases in later years 
(1989) there were discounts of 70 % given. With such incentives, there was a mas-
sive surge in the process of the sale of council houses, reaching close to a quarter 
of a million a year by 1982. Between 1979 and 1987, more than a sixth of the total 
stock of council houses was sold and between 1979 and 1994 the share of the total 
housing stock owned by local councils fell from nearly a third to little more than 
a fifth. Sales began to slow down as most of those who had the capacity to buy, 
and some that really did not, had bought their houses. This left behind in local 
authority and housing association tenure mostly the poorest groups in society. In 
1974, just under half the tenants in social housing were in the bottom 40 per cent 
of the income distribution; by 1991, the proportion was three-quarters with only 
40 per cent of them in employment (Glennerster 1995). The government policies 
had started a process of complete change in the demographic make-up of those in 
social-rented housing.

In the 1980s, central government removed the councils’ subsidies, which were 
used in order to keep down the level of council house rents. This led to the councils 
having to raise their rents and bringing them closer to the ‘fair rent levels’, which 
applied to private and housing associations tenants. Those who could not afford 
the rent and proved they had low income were entitled to claim housing benefit 
from the Department of Social Security (Glennerster 1995). In the late 1980s, the 
government housing policy had to change again in order to take account of effect of 
their earlier policies on the housing stock. Glennerster points out that by 1987 there 
was little to be gained from the sale of council houses to individuals as a method of 
further reducing the size of the council sector, especially as by now the remaining 
tenants were too poor to purchase their dwellings. The Government’s solution to 
overcoming this slowdown in the privatisation of council housing was to give the 
tenants, who were unhappy with their councils, the right to transfer the ownership of 
their house to private landlords or housing associations. In order to facilitate this, a 
central government agency would take over failing estates, improve them and then 
sell them off to the private sector. Moreover, if the enterprise was to be attractive to 
the private sector, it was important to give landlords the right to let at free market 
rents.

As the Conservative Party manifesto had promised, the 1988 Housing Act re-
moved rent control in the private sector. Central government could designate an 
area of public housing and create a Housing Action Trust to manage the houses, 
eventually disposing of them. The notion that individual tenants could get a land-
lord to take over their house was dropped as impractical and replaced by an arrange-
ment, which put the onus on private landlords or housing associations. They were 
given the right to bid to take over an estate or part of it and the tenants had a right to 
vote on the proposal and veto it, under some complex voting rules, and in addition, 
under the 1989 Local Government and Housing Act, local councils lost their right to 
subsidize council rents out of local revenue (Glennerster 1995). The philosophy be-
hind these measures was that of giving more ‘market power to tenants’. As a result 
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of the 1988 Act, gradually housing associations of varied kinds and sizes came to be 
the new main providers of social housing. The legacy of the 1980s and much of the 
1990s remained the worsening social problems on the most deprived estates and a 
lowering of standards in social housing. At times of shortage of housing, the effort 
to raise quality becomes an uphill one. The provision of greater numbers of units 
becomes such a priority that the issue of quality comes to be viewed as a luxury. 
There is a pattern in the 1930s, 1950s, 1970s and post 1980s.

Consecutive governments have repeatedly acknowledged that there is still a 
shortage of housing in Britain. Reportedly, “taking all the concealments into ac-
count, in the United Kingdom there was a substantial shortage of housing by 1994, 
approaching 3 million’ (Balchin 1994). Also in 2003, dealing with the issue of the 
cost of housing for those who wish to purchase their homes, the Bank of England 
reported that the ‘chronic shortage’ of new homes will keep prices in London and 
the south-east high, predicting a cumulative shortage of half a million homes in the 
region by 2021 unless the decline in new house building is reversed” (Denny and 
Collinson 2003).

The social policies that set the scene for housing policies during the various 
decades in the twentieth century had determined the standards of housing avail-
able to those who needed it. This had varied from the idea of entitlement of ev-
eryone in need to a state-provided home of socially acceptable standard, to one 
where the worst housing and the poorest tenants (to-be) would be targeted and 
the others were to take their chances in the market. In this respect, the notion of 
acceptable standards is an important, although variable one. The social values of 
the time may be assessed by what constitutes acceptable housing standards at any 
one time.

As consumerism becomes more embedded in economic and social existence of 
the society, and the living patterns change, the space requirements need to be up-
dated to suit, although this is not always the case. These considerations have been 
applicable in almost every decade when the major changes of attitude and policy 
have been visible, most notably in the aftermath of the two world wars as well as 
the 1960s and 1980s.

The 1960s and 1970s are pivotal periods in time as in the 1960s Britain ‘a mea-
sure of prosperity reached more and more families, the instinct to accumulate more 
material objects also spread down the social scale, and houses which were formerly 
required merely to provide minimum shelter took on new roles for the storage and 
display of possessions’ (Burnett 1986, p. 284). Burnett (1986) raises the important 
point that ‘the desire for increased space also followed as a result of the greater time 
spent in the home and the greater interest taken in it’. This issue is as relevant today 
as it was in the 1960s as it relates the social values that define a socially acceptable 
or desirable lifestyle to the material living conditions of the people.

Norton and Novy (1991) observed that the post 1980s policies involved ‘increas-
ing inequalities in housing and a wider divergence between minimum standards, or 
housing rights, and those standards experienced by the average household, or those 
at the top end of the market’ and found that the housing market reflected inequality 
of income and of economic position; and generally reflected social inequality.
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14.8  Social Sustainability and Housing

Nearly, three decades of neoliberal consensus in Britain have led to the conflict 
 between the dominance of the state or the market in determining the provision of the 
basic needs of housing being resolved in the interest of the latter. The main aspect of 
the current condition is the serious lack of access to affordable housing, the reduc-
tion in the number of units available to the low income within the social housing 
stock provided by local authorities or the Registered Social Landlords (Housing 
Associations) and the upward drive of cost of accommodation due to the supply and 
demand mechanism and the increase in the number of investors who purchase prop-
erty in cities like London, in order to make a gain when the prices rise inevitably, 
while leaving them empty.

The provision of housing for the low income has changed a great deal over time 
and the main characteristic of this change has been the commodification of housing 
provision. Housing is seen as another product that should be subject to the law of 
supply and demand. The government website on improving the rented housing sec-
tor puts the number of households on waiting lists for social housing at 1.8 million 
[Available at https://www.gov.uk/government/policies/improving-the-rented-hous-
ing-sector—2; accessed 21.02.2015]. This may be translated into 4.5 million people 
on the waiting list, assuming an average of 2.5 members per household.

The housing stock in the UK changes from homes into assets, which were a part 
of a volatile market. The policies, which started in the 1980s, took the UK into a 
property-owning society (Lowe 2011), which was seen as a desirable development 
by some (King 2010), as it allowed people to have control over what they do.

The shortage of housing for those in need is a serious problem both from the 
point of view of those who are affected by it and also as a social phenomenon. 
Homelessness and inadequate housing affect the social landscape of a city and a 
country. 

In recent years, the social aspect of housing has been redefined by new legisla-
tion. The Localism Act of 2010 introduced changes to how local authorities manage 
and allocate their stock. In a Guide to understanding Local Government Act, the 
Minister of State for Decentralisation, Greg Clark MP, explained how tenancy in 
Local Authority housing had moved from one of general provisions to a targeted 
one. Previously, almost anyone could apply to live in social housing, whether they 
need it or not. As social housing is in great demand and priority is rightly given to 
those most in need, many applicants have no realistic prospect of ever receiving a 
social home. The previous arrangements encouraged false expectations and large 
waiting lists.

In an effort to get more people into social housing, the government has launched 
the Affordable Rent Scheme. Under the new scheme, social landlords will be able 
to offer fixed-term tenancies at up to 80 % of local market rent. At present, how-
ever, tenancies tend to be for life and are at a lower rate. The scheme was first 
announced in the 2010 Comprehensive Spending Review in October and will be 
implemented in April 2011.The government predicts that by increasing the rate at 

https://www.gov.uk/government/policies/improving-the-rented-housing-sector-2
https://www.gov.uk/government/policies/improving-the-rented-housing-sector-2
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which a  landlord can charge rent it will mean social landlords, generally run by 
housing associations can build 150,000 extra homes over the next 4 years, with a 
£ 4.5bn capital injection from the government.

The number of housing units available for rent at affordable rates has diminished 
due to the numerous schemes that are designed to assist the privatisation of social 
housing. In 2015, sales of Local Authority stock occur under the Right to Buy, Pre-
served Right to Buy, Right to Acquire, Social HomeBuy, Voluntary Purchase Grant 
and other outright or shared equity sales to tenants. The existing Local Authority 
stock may be disposed of to the private sector, too. Central Government has facili-
tated, through legislation, the privatisation of the existing social housing (Housing 
Statistical Release, 16 October 2014, Social Housing Sales, England, 2012–2013, 
Department of Communities and Local Government).

It will also give greater flexibility to housing associations and allow them to 
build more homes. If you are an existing council or social housing tenant, you will 
not be affected by the change to lifetime tenancies and if you are already on one of 
these you will continue to do so. But for those entering into the scheme, although it 
will mean more people qualify it could mean they will need to pay more rent than 
they would under the old scheme. But ultimately it should result in a wider propor-
tion of people paying less rent. So, while it benefits more people and gives them a 
better chance of being able to afford rental accommodation, there will be those few 
people that it disadvantages.

The pros and cons of government policies that are based on encouraging sale of 
properties have been well rehearsed. The promotion and increase in private owner-
ship is the key aim of the policies adopted by the coalition government that was 
formed after the 2009 General Elections in UK. The central government’s role has 
also been increased while the role of the local government has been reduced to a 
peripheral one.

There has been a rise in the proportion of people in employment who are 
homeworkers. According to the Office of National Statistics, in January to March 
2014, 4.2 million people, amounting to 13.9 % of those in work, were homework-
ers. This was the highest rate of homeworking since comparable records began 
in 1998. [Available from: http://www.ons.gov.uk/ons/rel/lmac/characteristics-of-
home-workers/2014/sty-home-workers.html; Accessed 18.02.2015]. ONS states 
that of these homeworkers, around 1.5 million people worked within their home 
or its ground, while the remaining 2.7 million people used their home as a base 
but worked in different places. Homeworking has increased at a rate of 13.9 % in 
January to March 2014. The jobs of these homeworkers tend to be of higher skilled 
roles, ranging from managers or senior officials, professionals or associate profes-
sionals; and those within skilled trades. This amounts to 73.4 % of homeworkers 
being in high-skill roles in the economy, with a median hourly pay of £ 13.23 in 
comparison with £ 10.50 an hour for other workers. The most common roles for 
male homeworkers were roles in the construction industry, while for women the top 
roles included childminding and care work (ibid).

http://www.ons.gov.uk/ons/rel/lmac/characteristics-of-home-workers/2014/sty-home-workers.html
http://www.ons.gov.uk/ons/rel/lmac/characteristics-of-home-workers/2014/sty-home-workers.html
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According to NSO, 63 % of homeworkers are self-employed; they are more like-
ly to be older individual, with 38.3 % being aged 65 or over. This varies geographi-
cally. Out of the top five local authorities in UK, in this respect, West Somerset 
has the highest percentage of workers who use their home for work at 25.7 %. The 
lowest percentage belongs to Kingston Upon Hull (at 5.2 %), where the prevailing 
industries are in retail, heavy industry, education, transport and port services, and 
therefore, working from home is difficult (ibid).

The comparison of the time that homeworkers spend working is significant. Ac-
cording to NSO, 40.2 % work 30 h or less, 34.5 % work between 30  h and 45 h 
and 25.3 % work for more than 45 h. This compares to 26.4 %, 42.1 % and 31.4 % 
respectively, in the case of employees. The most common job role for homeworking 
employees is identified as Sales Accounts and Business Development Managers, 
and the most common job role for homeworkers who are self-employed is identified 
as Farmers (ibid). Homeworkers are also more likely to work more extreme hours 
of 45 per week or more. These statistics demonstrate the trend that leads to a higher 
demand on the home and the importance that it plays in an individual’s life or that 
of the society and even the economy.

Fewer affordable homes are becoming available. Developers build in order to 
maximise their profit and the new planning laws are removing the requirements that 
imposed quotas of social housing on new developments.

The percentage of affordable housing is diminished4. The danger of the current 
situation, as has been argued in the Parliament, is that people who have lived their 
whole lives in an area are forced to scatter to the periphery, due to property prices 
and rent being so high in more central areas of London. In addition, the debate is 
also linked to the dominance of the market mechanism in the provision of housing 
which in turn leads to a reduction by local authorities of the quota of affordable 
housing in any new development. This process leads to a ‘hollowing out of engage-
ment in the community’ (Thornberry 2015) and a hollowing out of the city. This is 
connected to the purchase of property by wealthy investors who have no need or 
intention of living in the property, resulting in a tangible effect on the built environ-
ment and the locality. The spatial consequence of this market-driven, speculative 
process is that whole areas of the city are left unoccupied while many individuals 
and families who are in need of housing have to look for accommodation in more 
distant areas, where employment opportunities might be lower in comparison.

4 A particular case raised in the Parliament relates to a development in Islington. According to the 
Member of Parliament for Islington South and Finsbury, the Local Authority ‘sold a large site for-
merly owned by the public, where the developers are proposing to build 88 % luxury flats’ [Emily 
Thornberry, the Labour MP for Islington South and Finsbury led the debate on the housing cri-
sis in the Parliament on 6th February 2015, Available at: www.emilythornberry.com/news/99/22/
Housing-Crisis-Debate; Accessed: 14.02.2015]

www.emilythornberry.com/news/99/22/Housing-Crisis-Debate
www.emilythornberry.com/news/99/22/Housing-Crisis-Debate
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14.9  Conclusion

The experience of 20th century housing and social policy in the UK, in its most 
progressive periods, shares the concerns about social coherence, quality of life, and 
social justice, that are integral to the definition of social sustainability today. The in-
struments for achieving these have varied from strengthening a sense of community, 
social connections and networks, to the issues of continuity and change.

The effort to build new housing and to solve the problem of slums and the 
shortage of acceptable housing was the cornerstone of the legislation WWI. The 
Welfare state after WWII was part of a regeneration of the society and the system, 
following the destruction resulting from the War. The changes in the 1950s to the 
attitude towards meeting the housing shortage, that of quantity over quality, were 
clearly seen to be counter-productive and led to the reaction that emerged in the 
spirit of optimism that was embodied in the Parker Morris report of 1961. This was 
in large part based on an interest in social capital and of the idea of the universal 
and the social. The highest space standards were set in the 1960s when the state 
used resources at its disposal to build for a cohesive society with a future. Many 
of the criteria we associate with social sustainability today, were present in the 
formation of the universalist policies of the period. During periods when market 
relations have dominated, the focus has shifted from the social to the individual, 
from regulation to de-regulation and from the state to the market as the regulator 
of provision of housing for the low-income. Since the 1980s and the dominance 
of the neo-liberal ‘consensus’, the social aspect of social policy has been under-
represented in the UK.

The dominance of market relations has been shown to be inadequate in solving 
the pressing housing needs. The housing problem can be solved only with complete 
regard for the long-term issues, as appear to be articulated in the concept of social 
sustainability. This requires attention to the impact of poor-quality housing, low-
space standards, and of dispersal on the inhabitants.

The conflict between the interests of the market and the provision of social ser-
vices has been apparent in the history of social housing in the past century. Time 
and again when the needs of those with the least purchasing power has become 
prominent in the political agenda, the state has assumed the position of the arbiter 
in favour of the citizen, whereas when the market mechanism has been paramount, 
the state has acted as the arbiter in favour of capital. A sustainable future has to con-
sider investing in its social capital in order to secure both producers and consumers. 
Housing and the need for socially acceptable homes is paramount in meeting the 
needs of the individual and the collective. The narrative around the issue of social 
sustainability offers a relevant frame of reference towards finding a solution. The 
argument for a cohesive society with universal values and broad access to housing 
of socially acceptable standards continues to be a relevant one.
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