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Abstract

ABSTRACT

Higher education institutions (HEIs) in England occupy approximately 25 million m” of
gross space. Many of the buildings in these estates were constructed when thermal standards
were far lower than those specified today. Estate managers now need to consider how to
manage existing buildings in order to meet new requirements for occupants’ comfort, energy
efficiency and greenhouse gas emission targets. The choice of whether to refurbish, or
demolish and rebuild, requires a critical analysis of a range of environmental, social and
economic issues. To this end, the Association of University Directors of Estates (AUDE)
developed a toolkit that identifies crucial issues to be taken into account to make this choice
clear. However, while this toolkit represents a considerable step forward in the decision-
making process, it does not incorporate the projected impact of climate change and its

uncertainty.

Thermal modelling analysis of an existing naturally ventilated higher education building,
built in 1974, suggests that projected changes in the UK climate will significantly increase
building overheating. Therefore, it is essential that the impacts of climate uncertainty now
and in the future are considered when refurbishment options are assessed. A framework has
been developed, taking climate change impacts into consideration, which ranks different
refurbishment options according to the following performance criteria: thermal efficiency,
environmental impact and cost effectiveness. Whilst the use of single performance criterion
results in different ranking of refurbishment solutions in this case study, the use of high
performance glazing is the best overall single refurbishment solution. In general a
combination of high performance glazing, wall insulation and the use of external shading
together are considered to be the best combined refurbishment solution. External shading is

the least effective single refurbishment solution.
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Chapter Two Introduction

CHAPTER ONE

INTRODUCTION

1.1  Background

Since the middle of the last century, the world has witnessed an increased recognition of the
importance of sustainable development for the survival of planet and humankind (Halliday,
2008). The extensive demand for natural resources has accelerated the destruction of
planetary ecosystems. The enormous increases in global population and consumption
threaten people’s quality of life and their ability to survive (Langston and Ding, 2001). The
increasing depletion of natural resources has resulted in global shortages and higher prices
for many materials and commodities. For example, about 11 million people are added each
year to China’s population of 1.3 billion and its economy is expanding at a rate of about 10
% annually (Chinability, 2010). China produced over 35 % of the world’s steel in 2006, an
annual rate of 440 million tonnes and output is still rising rapidly (Kibert, 2008). In 2004,
due to the increase in Chinese domestic demand, world steel prices rose sharply leading to a
20 % rise in steel costs to US industry (Kibert, 2008). Since that time, through 2006, steel
prices have remained at the same high level (MEPS, 2010). Similarly, global fossil fuel
demand is anticipated to increase by 45% by 2030 and oil prices will rise to $200 a barrel
(IEA, 2009). These levels of growth and their negative environmental and social impacts

cannot go unabated if the global economy is to be sustainable.
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Sustainable development focuses on improving the quality of life for everyone now and for
generations to come without increasing the use of natural resources beyond the capacity of
the environment to supply them indefinitely (Langston and Ding, 2001). The high levels of
material and energy consumption in the built environment, and the associated pollution and
waste, imply that the construction industry has an important role to play in contributing to
the overarching vision of sustainability. Different drivers have been pushing the construction
industry to make buildings more energy efficient: first the oil crisis of the 1970s (ACE et al.,
2008), then the aim for sustainable development (WCED, 1987) and more recently the
concerns about the depletion of fossil fuels reserves, peak oil (Bentley, 2002; MacKay, 2009)

and climate change (IPCC, 2007).

Climate change as a result of increasing concentrations of human-generated greenhouse
gases (i.e. CO,, methane and other gases) in the atmosphere is a clear symptom and a direct
outcome of unsustainable development (Jenkins et al., 2009). Climate change poses a serious
threat to every institution in society including the higher education institutions (HEIs) and
their host communities. Through their teaching and practices, HEIs can influence not only
the campus or neighbourhoods but also the professional, religious, social communities,
governments and non-government organisations. HEIs have a special responsibility to
facilitate interactions among these communities by providing scientific knowledge,

technological innovations and future leaders (Rappaport and Creighton, 2007).

Additionally, HEIs have unique and ample opportunities to provide good examples for their
communities to follow, by reducing their own contribution to climate change and taking
actions to leverage their vast resources to deliver projects that reflect their sustainable

development goals. These actions include, among others, reducing the energy used in heating
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and cooling HEISs’s buildings which in England comprises approximately 25 million m* of
gross space (HEFCE, 2004). Consequently, improving the performance of this existing stock
through refurbishment can provide an enormous opportunity for creating energy efficient

buildings, reducing CO, emissions and saving money in the long term.

However, decision making in the higher education (HE) sector, where asset lives of fifty to
eighty years are not uncommon, is beset with uncertainty. For example, increasingly
unpredictable energy prices are likely to have a significant long-term impact on the
economic viability of different building types. For UK HEIs, projected changes in energy
prices, forecast in September 2005, were projected to equate to an additional £60 million to
£70 million in energy costs for the financial year 2005/2006 (AUDE, 2005). Given recent
geo-political tensions in the oil producing countries, growing global demand for fossil fuels
and the increasing reliance of the UK on imported energy supplies, energy price uncertainty,
and the HEIs sensitivity to it, seems set to continue well into the future. To reduce the risks
imposed by such instability, attempts to minimise energy consumption must lie at the heart

of management strategies for the HEI estate.

While the fact that the global climate is likely to change over the coming decades is beyond
reasonable doubt, the precise nature of that change remains highly uncertain. In the UK,
projections suggest there is a range of equally plausible, but very different, climate
conditions that could prevail in fifty years time (UKCIP, 2009). Such uncertainties could
have a considerable impact on the thermal efficiency, and therefore, on the long-term
sustainability of all buildings. For example, changes in peak and average external
temperatures could affect the ability of a given building to provide appropriate internal

comfort conditions.
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Higher temperatures in some cases might require higher levels of insulation to reduce the
risk of overheating, reduce the effectiveness of measures applied to existing buildings to
improve their thermal performance, or introduce the need for a cooling load with a
concomitant increase in energy consumption (Sanders and Phillipson, 2003). Such
uncertainty again poses risks for long term environmental and economic performance,

particularly as energy price instability is likely to remain high (Gaterell and McEvoy, 2005).

Clearly, energy performance is a key economic and environmental consideration for HEIs.
However, the provision of effective and sustainable refurbishment strategies requires the
systematic evaluation of different potential impacts. Any toolkit or framework developed to
undertake such evaluation should highlight the key issues that need to be taken into account
when identifying the most sustainable refurbishment options and consider the potential
impacts of issues associated with each option to ensure a balanced sustainable refurbishment

approach.

In 2008, the Association of University Directors of Estates (AUDE) developed a toolkit that
can be used to assist HEIs to decide whether to refurbish or demolish and rebuild the
proportion of the HE stock built in the 1960s (AUDE, 2008). The toolkit represents an
essential first step towards addressing the key issues that need to be considered when
identifying the most sustainable options for managing the HE building stock. However, it
does not consider the potential impact of uncertainties regarding future climate conditions.
Any changes in prevailing climate conditions will undoubtedly have an impact on the
thermal efficiency within these refurbished estates and therefore, the long-term sustainability

of the building. As a result, any systematic evaluation of a given refurbishment option
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necessarily needs to consider the impact of future climate change to ensure it is sustainable

and effective over its whole lifetime.

1.2 Aims and Objectives

The overarching aim of this research is to investigate how climate change will affect the
social, economic and environmental aspects of refurbishment strategies applied to post-war
HE buildings in the UK. In particular, this research will consider how different levels of
uncertainty regarding future climate conditions might affect the sustainability and the
effectiveness of different refurbishment options applied to HEIs buildings over their whole

life time.

To satisfy this aim the key objectives are to:

e understand the concept of sustainable development, its implications in the built
environment and enunciate the essential principles that need to be taken into account

to achieve sustainable construction;

e understand the basics of climate change and its causes, plausible future climate

scenarios in the UK and their associated impacts within the built environment;

e review the current state-of-the art with regard to assessing the sustainability of
refurbishment strategies adopted within the HEIs and investigate the potential

impacts associated with climate change uncertainties;

e develop a case study building which represents a typical post-war HE building and
investigate the potential impacts of projected climate change uncertainties on the

ability of different refurbishment options to deliver acceptable indoor comfort
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conditions without incurring excessive heating and cooling energy use, cost and CO,

emissions;

e cxamine the strategic implications of using various performance criteria in analysing

data and the attendant consequences for investment in the HEI estate.

1.3  The Importance of the Project

The importance of this research lies in its considerable practical application in helping HEIs
manage their estates in a sustainable and effective way under foreseeable climate change
impacts. A particular challenge directly linked to this research is developing a detailed
understanding and resolution of the issues surrounding the sustainable refurbishment of post-
war buildings, many of which are on university campuses, and taking climate change
impacts into consideration. Very little research about this has been done to date and therefore
this is felt to be a worthy subject for PhD research supported by the Building Research

Establishment (BRE) Trust.

It is hoped that this project is a useful contribution to the sustainability of refurbished
buildings on HEI estates. In particular, new knowledge has been gained on the challenges
associated with sustainable refurbishment of post-war buildings under a changing climate.
This knowledge can be exploited by HEIs for the benefit of their clients, and society as a

whole.
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14 Research Themes

This research comprised the following themes:

1.4.1 Literature Review and Case Study ldentification

The literature review helped to establish the existing knowledge on the sustainability in the
built environment, climate change and current refurbishment practices within the HE sector

and the associated strategies and essential factors that need to be considered.

The Muirhead Tower at the University of Birmingham, which was constructed in 1974, was
chosen as the case study building. This case study represented a typical post war HE building
which was built during the 1970’s and was likely to be in need for refurbishment. Three
generic HE room types: cellular office, open-plan office and teaching room within the Tower

has been chosen for detailed analysis

Key deliverables:

» review of sustainable development and its implications in the built environment,

climate change and different refurbishment practices and strategies; and

» review of the HEI estate identifying building room types to be considered in the case

study.

1.4.2 Analysis of Case Study Building

Understanding the relative sustainability of different refurbishment options available for
buildings in the HEI estate is based on a systematic evaluation of the current performance of

the case study building (Muirhead Tower), the potential options available to improve such
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performance and the relative sustainability of each option. The case study building identified

above (Muirhead Tower) was analysed using the following themes:

¢ Building Performance

Work carried out in this theme indentified weaknesses in current performance, or
requirements for future performance, and developed a hierarchy of issues which need to be

addressed in any refurbishment strategy.

e Technical, Environmental and Financial Appraisals of Refurbishment Options

This theme helped to identify different refurbishment options available to address the
hierarchy of issues outlined above. It examined how the following refurbishment options

should be integrated into the existing structure:

o improvement of the as-built wall insulation standards to accomplish with both
the current Building Regulation 2006 for refurbished buildings and with the

anticipated future standards;

o replacing the existing glazing system to comply with both the current

Building Regulation 2006 and with the anticipated future standards;

o introduction of external shading device ; and

o acombination of all options.
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Each identified option was developed in detail and evaluated using a software based, thermo-
dynamic buildings simulation tool called Integrated Environmental Solutions (IES) and
taking into account future climate change uncertainties. IES allows comparisons of different
refurbishment options in order to optimise building performance and to improve the quality
of buildings indoor environment (IES, 2010). An important aspect was to illustrate the
response and analyse the performance of different refurbishment options under different
climate change scenarios based on thermal comfort performance and the associated changes

in heating and cooling energy use and CO, emissions.

A key element of this theme was an investigation of the potential impacts of projected
climate change uncertainties on the ability of different refurbishment options to deliver
acceptable indoor comfort conditions. UK Climate Impacts Programme 2002 (UKCIP02)
provides best currently available scientific projections for UK climate over the coming
century (Hulme et al., 2002). UKCIP02 data was used by the Chartered Institution of
Building Services Engineers (CIBSE) to develop simulation weather files that represent

future climate scenarios (Jenkins et al., 2009).

To facilitate such comparisons (based on UKCIPO2 and developed CIBSE’s future weather
files), two climate change scenarios were considered; a low emission scenario and a high
emission scenario. These two scenarios were analysed over three different time slices- 2020s
[the period from 2011 to 2040], 2050s [the period from 2041 to 2070] and 2080s [the period
from 2071 to 2100] (Hulme et al., 2002). Each refurbishment option was examined under
these scenarios and compared with the performance of the building in its current state in

2005 [i.e. no refurbishment]. Finally, a framework was designed to rank different suggested
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refurbishment options according to different sustainable performance criteria (i.e. thermal

efficiency, environmental impact and cost effectiveness).

Key deliverables:

» detailed refurbishment options designed to address identified performance issues;

» assessment of the impact of refurbishment options on building performance, based on

thermodynamic simulations;

» analysis of the contribution of individual refurbishment options to addressing

building performance issues;

» analysis of the impacts of climate change uncertainty on the performance of

individual refurbishment options;

» prioritisation of refurbishment options based on thermal efficiency, environmental

impact and cost effectiveness.

1.5  Thesis Scope and Structural Layout
Following this introductory chapter, the thesis is presented according to the following

chapter headings (the content is briefly outlined below):

Chapter 2 explores and describes the emergence of the concept of sustainable development,
its rapid evolution over the past century and its major characteristics. This chapter also
addresses the application of sustainable development in the built environment, the advance
understanding of sustainable construction and it enunciates principles to be upheld in order to

attain sustainable construction.

10
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Chapter 3 describes the basics of climate change and the probable causes. It summarises
recent trends in both global and UK climate. It also describes future climate change scenarios
for the UK and how they were constructed. Moreover, this chapter briefly summarises the
likely impacts of climate change both globally and in the UK and actions taken to tackle this
change with a particular focus on the built environment and the opportunities that exist

within the current building stock.

Chapter 4 takes a very close look at HEIs’s buildings and reviews the current state-of-the art
with regard to assessing the sustainability of refurbishments or redevelopment strategies in
HEIs. This chapter also investigates the potential impacts associated with climate change

uncertainty in a university setting.

Chapter S describes two different human thermal comfort theories in buildings and
identifies different refurbishment options that are likely to be used to improve the thermal

performance of the HEIs’s buildings.

Chapter 6 presents a detailed case study building chosen from the HE sector. The
performance of different refurbishment options applied to elements of this building (i.e.
cellular office, open-plan office and the teaching room) is examined under different future
climate change scenarios using IES thermal modelling programme. The results of the

thermal modelling are also presented in this chapter.

Chapter 7 contains a discussion of the results of the modelling which analyses the effects of
applying different refurbishment options on internal comfort and energy consumption and
associated CO, emissions. The environmental impact and cost analysis of each

refurbishment option are also discussed.

11
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Chapter 8 presents the conclusions drawn from the case study and recommendations for

further work.

Appendices contain the results of the thermal modelling, environmental impact and cost

analysis for elements of the case study building (the open plan office and the teaching room).

12
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CHAPTER TWO

SUSTAINABLE DEVELOPMENT AND THE BUILT ENVIRONMENT

2.1 Introduction

Throughout the 1960s and 1970s the world witnessed the increasing awareness of the need
for environmental protection and sustainable development for the survival of humankind.
The rapid depletion of natural resources threatens people’s capacity to survive and achieve
sustainable development. The built environment has a key role to play as one of the major
sources of profligate material and energy consumption and its development is one of the
biggest factors changing the environment of the world. This chapter presents a historical
background of sustainable development and its implications in the built environment and
highlights the pivotal role that the built environment can play in achieving sustainable

development.

2.2  Historical Background

In the post-World War Two period, the developed world witnessed unprecedented economic
growth with extensive consumption of natural resources and little attention was paid to the
environment (Halliday, 2008). The current positioning of the environment as a central
political issue mainly in the developed world began in the 1960s, when scientific evidence

about depletion of the environment became noticeable (Langston and Ding, 2001). It is now

13
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widely recognised that environmental quality and the conservation of natural resources are of

paramount importance for humankind today and for generations to come (UKSDS, 2005).

This recognition was first discussed in a book called ‘Silent Spring’ (published in 1962)
which is considered as a turning point in the understanding of the interconnections between
the environment, economy and social well-being (Carson, 1962; DTI, 2004). In 1972 The
United Nations Conference on the Human Environment (UNCHE) was held in Stockholm.
This conference was responsible for transforming the environment into a political issue of
international importance. Moreover, it considered the need for a common outlook and
principles in the protection and improvement of the human environment (DTI, 2004). In the
same year as the UNCHE or ‘Stockholm Conference’, the ‘Club of Rome’ (30 influential
people from 10 countries, scientists, educators, economists, humanists, industrialists and civil
servants, met in Rome) published ‘The Limits to Growth’ (Meadows et al., 1972). This
document emphasised that concerns about pollution, environmental degradation and natural

resource depletion were crucial to the long-term future of humanity (Hill and Bowen, 1997).

In 1987, the World Commission on Environment and Development (WCED) chaired by the
Prime Minister of Norway, Mrs Gro Harlem Brundtland published a report called ‘Our
Common Future’ or ‘Brundtland Report” (WCED, 1987; DTI, 2004). The report brought the
concept of sustainable development onto the international agenda. In contrast to the limits to
growth viewpoint, sustainable development put more emphasis on the social and economic
objectives of society, particularly in the developing world, but highlighted that achieving
these objectives was connected with the attainment of environmental objectives (Hill and

Bowen, 1997).

14
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In 1992, the United Nations Conference on Environment and Development (UNCED) or the
‘Earth Summit’ was held in Rio de Janeiro to discuss how to achieve sustainable
development (Halliday, 2008). The Summit agreed the Rio Declaration on Environment and
Development which set out 27 principles for achieving sustainable development. Also
‘Agenda 21’ was adopted by the Summit; which is an action plan to pursue the principles of
sustainable development into the twenty-first century and a recommendation that all
countries should produce national sustainable development strategies. The Earth Summit
also established the United Nations Commission on Sustainable Development (UNCSD)
which meets every year to monitor progress. Two important UN agreements were signed as
well, namely: the United Nations Framework Convention on Climate Change (UNFCCC) to
tackle climate change and the Convention on Biological Diversity (CBD) to protect
biodiversity (Halliday, 2008). In 2002 the World Summit on Sustainable Development in
Johannesburg aimed to review progress in the ten years since the Earth Summit and pledged
itself to encourage and promote the development of renewable energy sources to accelerate

the shift towards sustainable consumption and production (Omer, 2007).

2.3  What are Sustainability and Sustainable Development?

In the Oxford English Dictionary the word ‘sustainability’ is derived from the verb ‘sustain’
which means to support, bear, keep, maintain, or endure. Sustainability can be defined as the
persistent ability of a society, an eco-system or any such interactive system to function
without depleting key resources and without adversely affecting the environment (ICAEN,
2004). The usual model for sustainability is of three separate but connected rings of
environment, economy and society [Figure 2.1] (Giddings et al., 2002; Hopwood et al.,

2005).
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Environmental Sustainability
Ecosystem Integrity
Carrying Capacity

Biodiversity

Social Sustainability
Cultural Identity

Empowerment
Accessibility
Stability
Equity
Economic
Sustainability
Growth
Development
Productivity
Trickle-down — Human Well-Being

Figure 2.1 Common model of the various dimensions of sustainability
Source: (ICAEN, 2004)

As shown in Figure 2.1 sustainability has three key pillars to achieve human well being
which can be summarised in Table 2.1 (ICAEN, 2004). Sustainable development is an
ambiguous concept, with a meaning that is contested and complex (Carter, 2008). It has been
defined, used or interpreted in a variety of ways by different groups (depending on whether it
is employed in an academic context or that of planning, business or environmental policy) to
suit their own goals (Redclift, 2005). The most popular and frequently quoted definition is

the one given in the Brundtland Report published in 1987 (WCED, 1987, p.44):

“development that meets the needs of the present without comprising the ability of future

generations to meet their own needs’’.
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Table 2.1 Sustainability Considerations

Source: (ICAEN, 2004)

Category

Implication

Economic Sustainability

Creation of new markets and opportunities for
growth of sales

Cost reduction through efficiency improvements and
reduced energy and raw materials input

Creation of additional added value.

Environmental Sustainability

Reduced waste, effluent generation, emissions to the
environment

Reduced impact on human health
Use of renewable raw materials

Elimination of toxic substances.

Social Sustainability

Worker health and safety
Impacts on local communities, quality of life

Benefits to disadvantaged groups (e.g. the disabled).

The concept of sustainable development emerges as a result of the heightened awareness of

the strong connections between the extensive degradation of the environment coupled with

socio-economic issues of poverty and inequality and concerns about future humankind health

and existence (Hopwood et al., 2005).

Sustainable development seeks to achieve better quality of economic growth, eradicates

poverty and ensures human needs are met through a fair share of resources (Baker, 2006).

Sustainable development is seen as aiming to bring the three rings of sustainability together

in a balanced way and reconciling conflicts (Halsnaes, 2002; Giddings et al., 2002).

However, some critics argue that different perspectives might give a greater priority to one or

17
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the other (Carter, 2008). With this vagueness surrounding the meaning and the representation
of sustainable development, different views of ‘weak’ and ‘strong’ sustainability have

emerged (Baker, 2006).

‘Weak sustainability’ proponents argue that trade-offs can be made between the three rings
in the view that focusing on the economic ring through investing in man-made capital can
replace or substitute for the depleting of natural resources and the damage caused to the
environment (Neumayer, 1999; Dollar and Kraay, 2000; Lomborg, 2001; Pearson, 2006).
According to Giddings et al. (2002) weak sustainability views treat the environment and
society as a natural and human resource respectively to be utilised and as a sink where
problems are dumped whether unemployment, ill health or waste. Solow (1974, p.11) backed
these views and went beyond by stating that ‘the world can, in effect, get along without

natural resources, so exhaustion is just an event, not a catastrophe’.

However, these views have been heavily criticised by ‘strong sustainability’ proponents
(Daly, 1993; Wackernagel and Rees, 1996; Carter, 2008) in that human-made capital can not
compensate the loss of natural resources (for instance no number of sawmills will replace a
forest, or no improvement in genetic engineering will substitute natural biodiversity) or
processes vital to human existence such as the ozone layer or the water cycle (Hopwood et
al., 2005). Green parties go further in arguing that non-human species, natural systems and

biodiversity have rights and values in themselves (Redclift, 2005; Carter, 2008).

Clearly, whatever view is taken, it is an area of contest and a single definition can not
adequately capture all the nuances of a concept which provokes many different responses

(Hill and Bowen, 1997; Redclift, 2005).
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However, the sustainable development concept in its essence attempts to reassure that there
is a possibility to achieve economic growth whilst also protecting the environment without
any trade-off and links human equity to the environment (Carter, 2008). It also recognises
the dependency of humans on the environment to meet their needs and deliver well-being
and not merely as a means to access resources (interdependency of social justice, economic
well-being and environmental stewardship) (Houghton, 1999). Humankind lives, economic
activities and society are nested within the environment and not separated (Hopwood et al.,

2005).

Consequently, any suggested sustainable development principles should apply to all issues
(whether they are classified as social, economic, environment, or mix of the three) without

giving a priority of one over the other or replace one with the other.

Haughton (1999) has outlined the ideas of sustainable development in five interconnected

principles:

Futurity- intergenerational equity;

e Social justice- intra-generational equity;

¢ Transfrontier responsibility-geographical equity;

¢ Procedural equity-people treated openly and fairly; and

¢ Inter-species equity- importance of biodiversity.
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These equity principles clarify the ideas of sustainable development embedded in
Brundtland’s definition, connect human equity to the environment and provide an intrinsic

basis for assessing the different trends of sustainable development (Hopwood et al., 2005).

24 UK Sustainable Development Strategy

Following the ‘Earth Summit’ in 1992, the UK government was the first government to
publish its national strategy for sustainable development in 1994 (UKSDS, 2005). A number
of sectors of the economy have been identified as significant to sustainable development.
Among these sectors were development and construction; energy; manufacturing and

services; minerals extraction; transport and waste (Halliday, 2008).

In 1999 the UK government published a document called ‘A Better Quality of Life — A
Strategy for Sustainable Development in the UK’ (DETR, 1999). This document set out the
principles of sustainable development in the UK and identified a core set of 147 indicators of
sustainable development and provided benchmarks against which future progress could be
measured (DETR, 1999). The document was subsequently reviewed, to take account of
developments and changes both in the UK and worldwide, culminating in the launch of a
new strategy for sustainable development called ‘Securing the future: delivering UK

sustainable development strategy’ in 2005 (UKSDS, 2005).
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To achieve sustainable development and deliver a better quality of life, the UK government

in its new strategy set out the following guiding principles (UKSDS, 2005):

Achieving a sustainable economy- Building a strong, stable and sustainable
economy which provides prosperity and opportunities for all and in which
environmental and social costs fall on those who impose them (polluter pays) and

efficient resource use is incentivised;

Ensuring a strong healthy and just society- Meeting the diverse needs of all
people in existing and future communities, promoting personal well-being, social

cohesion and inclusion, and creating equal opportunity for all;

Living within environmental limits- Respecting the limits of the planet’s
environmental resources and biodiversity to improve our environment and ensure
that the natural resources needed for life are unimpaired and remain so for future

generations;

Promoting good governance- Actively promoting effective participative systems of
governance in all levels of society, engaging people’s creativity, energy and

diversity;

Using sound science responsibly- Ensuring policy is developed and implemented
on the basis of strong scientific evidence, whilst taking into account scientific
uncertainty (through the precautionary principle) as well as public attitudes and

values.
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These principles define the latest UK government approach to achieve sustainable
development. They have been used as a framework within which different sectors in the UK
shaped their own policies and actions with the aim of achieving a better quality of life and
securing a future in which economic prosperity is fairly shared, with less pollution and more

efficient use of natural resources.

2.5 Sustainable Construction

Economic growth, rapid increases in population, urbanisation and industrialisation coupled
with a profligate exploitation of natural resources have continuously degraded environmental
quality (Son et al., 2009). As the demand for construction and development has rapidly
increased, these issues outlined above have become increasingly critical for the building
professionals around the world (Sev, 2009). The construction industry, which is important to
quality of life (in terms of housing, workspace, utilities and transport infrastructure), is a
critical sector in delivering sustainable development (Burgan and Sansom, 2006; HM
Government, 2008). Both the existing built environment and the processes of adding to it

have several environmental, social and economic impacts (Sev, 2009).

Globally, the construction industry is an energy intensive and material profligate sector.
Around 40 % of total energy production, 40 % of all raw materials and 25 % of all timber are
consumed by this sector and it is responsible for 16 % of total water consumption and 35 %

of total CO, emissions (Son et al. 2009).

In the UK it provides 8 % of the UK’s gross domestic product or £100 billion a year and
employs around 3 million people (BERR, 2008). It is responsible for over 25% of all-

industry-related pollution incidents. Construction and demolition waste accounts for 19% of
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UK waste (Halliday, 2008). The energy used in extracting raw materials, transporting,
constructing, operating, maintaining and demolishing buildings is responsible for about 50%
of the UK’s greenhouse gas emissions (Clarke et al., 2008). As a consequence, the
construction industry has a significant impact on the environment and on the ability to

maintain a sustainable economy.

Social justice, equality and proportionality are among the key guiding principles in achieving
sustainable development in the twenty-first century (Houghton, 1999; Carter, 2008). And
since buildings consume more energy than any other single sector in the UK (Figure 2.2), it

is from this sector that the greatest cuts should be expected (Roaf et al., 2009).

The construction industry, compared with other industries, presents an unusual case in its

long life span (Sev, 2009). Structures have an average life of 80-100 years which means that

Industry
18%
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Figure 2.2 Percentage sector shares in total energy consumption the UK
Source: (Sorell, 2003)
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the design of an office building for instance will have long term impacts on its economic and
environmental performance (Sev, 2009). Therefore, to achieve a high-performance, low
environmental-impact structure; it is crucial to incorporate sustainability principles into the
entire life cycle of a construction project from planning to the demolition phase (Pearce,

2006; Son et al., 2009).

‘Sustainable construction’ or ‘sustainable built environment’ is a subset of sustainable
development which effectively integrates low energy design with materials which have
minimum environmental impact (in manufacture, use and disposal) whilst maintaining
ecological diversity (Edwards, 1998). Kibert (2008, p.6) defined the goal of sustainable
construction as: ‘‘the creation and management of a healthy built environment based on

resource efficient and ecological principles’’.

While traditional design and construction activities generally focus on cost, performance and
quality issues (Latham, 1994; DETR, 1998b), sustainable design and construction add the
issues of minimisation of resource consumption, environmental degradation and the creation
of a healthy and comfortable built environment (Sev, 2009). Therefore, a sustainable
building is the one that is economically viable, environmentally benign and socially

acceptable.

2.6  Principles of Sustainable Development in the Built Environment

According to Halliday (2008) and Sev (2009) the basic principles and strategies of
sustainable development in the built environment should encompass environmental,

economic and social aspects. These principles and strategies are outlined below:
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e Maximising the use of renewable, recyclable and natural resources and exploiting
them effectively during material selection and sourcing, construction, use or disposal.

Buildings have to be affordable, manageable and maintainable in use;

e Minimising the four generic resources used during construction and operation phase
(namely: energy , water, land and material), pollution and the negative environmental

impacts of the building throughout its life cycle;

¢ Enhancing biodiversity and improving the natural habitats through appropriate

planting and water use;

e C(Creating a healthy and comfortable environment at home and in workplaces and not

jeopardising the health of builders, occupants or any other parties;

e Supporting communities through identifying the real needs, requirements and

aspirations of people and engaging them in key decisions; and

e Managing the process to deliver sustainable projects and validate building-system
functions and ensure performance over time through indentifying appropriate targets,

tools, and benchmarks and managing their delivery.

Some of the sustainable construction principles listed above could be categorised as ‘social’,
‘economic’, ‘environmental’ or a ‘combination of all of them’. It is worth noting that
optimisation of all the listed principles is not always possible, and that trade-offs and
compromises might be necessary depending on the conditions and the particularity of the

construction project in question. Moreover, some of the principles can not be considered
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immediate priorities, but this does not mean they should be overlooked or neglected (Hill

and Bowen, 1997).

2.7 UK Sustainable Construction Principles and Strategies

Sustainable construction principles outlined above have been widely adopted by the UK
government in its policy papers, reports and strategies (Hall and Purchase, 2006). Following
the publication of ‘A Better Quality of Life - A Strategy for Sustainable Development in the
UK’, ‘Building a better quality of life - a strategy for more sustainable construction’ was
produced in 2000 (DETR, 2000). It highlighted priorities from the UK sustainable

development strategy of particular relevance to construction including:

e More investment in people and equipment for a competitive economy;

¢ Achieving higher growth whilst reducing pollution and use of resources;

¢ Sharing the benefits of growth more widely and fairly; and

¢ Improving towns and cities and protecting the quality of the countryside.

Moreover, the document indicated that a sustainable construction approach involves all of

the following actions:

e Delivering buildings and structures that provide greater satisfaction, well-being and

add value to customers and users;

e Respecting and treating its stakeholders more fairly;

¢ Enhancing and better protecting the natural environment;
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e Minimising its impact on the consumption of energy (especially carbon-based

energy) and natural resources; and

® Being more profitable and more competitive.

In 2005 the UK government launched its national planning policy statements for certain
features of the spatial (town and country) planning in England to deliver sustainable
development through planning systems (DCLG, 2009). These statements cover a wide range
of issues such as (housing; biodiversity and geological conservation; waste management;
pollution control; flood risk etc.) and ensure that all developments and use of land are

implemented in a way to deliver a healthy living environment.

In 2006 a ‘Review of Sustainable Construction’ document was published in recognition of
the significant policy developments since 2000 and aimed to provide an effective basis to
guide future government policies where they are relevant to construction (DTI, 2006). In
2008, a strategy for sustainable construction was launched which is a joint government /
industry initiative (HM Government, 2008). It identified specific collaborative actions and
commitments by both the industry and the government to deliver sustainability in the

construction sector.

Clearly, incorporating the above principles, planning policies and strategies in any new
building design is likely to result in buildings that have: lower operational and maintenance
cost, lower air pollution, healthier and more productive occupants, less material use and

longer building life.

However, in the UK, around two thirds of the building stock that will be standing in 2050

has already been built (HM Government, 2008). Ensuring sustainability of this existing stock
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will be a critical element in delivering the UK Government’s long term sustainable

construction strategy.

2.8  Existing Post-War Building Stock

The construction environment in the UK in the immediate post-war period was dominated by
a tremendous and urgent need for new buildings especially housing, universities and schools
after the trauma of the Blitz when in London alone, for example, up to one in six were made
homeless (O’Rourke, 2001). The crippling shortages of resources namely: steel, bricks,
timber and labour at that time, encouraged the use of concrete and the search for high speed

and cheap construction methods (Bullock, 2002).

By 1955, ‘modern architecture’ or what is called ‘the modern movement’ in architecture had
been established and became the style of choice in Britain (Bullock, 2002). Many modern
curtain walled flats, schools, universities, offices and other public buildings design of that era
have been influenced by the values of the modern architecture of ‘Le Corbusier’ (Banham,

1984).

In his famous book ‘Vers une Architecture’, translated into English as ‘Towards a New
Architecture’ which was published in 1926, Le Corbusier summarised his modern

architectural theories in five points (Le Corbusier, 1999):

e The pilotis lifts the mass off the ground;

e The free plan is achieved through the separation of the load-bearing columns from

the walls subdividing the space;
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e The free facade, the consequence of the free plan in the vertical plane (replacing

traditional walls and windows with curtain walls);

e The long horizontal sliding window;

e The roof garden, restoring the area of ground covered by the house.

According to Roaf et al (2009) of those five points only the roof garden can improve the
thermal performance of a building in some temperate climates. Elevating the building off the
ground will separate it from the stable temperatures of the ground and expose the bottom
face of it to the unstable climate of the air. Creating a deep plan building will make natural
ventilation problematic and impose the use of mechanical cooling as only relatively shallow
plan buildings can be effectively naturally ventilated (CIBSE, 2004). Using curtain walls or
long horizontal sliding windows will result in increased exposure of occupants to the
external climate and easily eliminate any applied ventilation or shading strategy (Roaf et al.,

2009).

However, Le Corbusier argued that the development of technologies, machines and
construction systems based on modern industrialisation will encourage the continuous
inspiration and innovation in building design, solve any future building problems and

extricate designers from traditional architecture (Banham, 1984).

As a result, the ‘traditional architecture’ of stone or brick masonry facades was replaced by
the ‘modern architecture’ of frame buildings faced with lightweight concrete panels and

large expanses of glass (Parkes, 2001; Bullock, 2002).
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The growth of the ‘modern building’ concept, with both public and residential buildings
having lightweight partitions and thin external walls with large areas of glazing, has led to

high summer heat gains and high winter heat losses (Roaf et al., 2009).

The advent of heating and air-conditioning systems would make this building design
thermally comfortable to its occupants all over the year assuming cheap and limitless energy
to fuel was available (Banham, 1984). It also meant that buildings could be constructed at
maximum speed and for minimum cost, which suited the post-war building boom era (Roaf

et al., 2009).

However, energy costs are likely to rise dramatically as a result of fierce international
demand and competition (Kibert, 2008). In the annual publication of the International Energy
Agency’s World Energy Outlook in 2009, it was predicted that global energy demand will

increase by 45% by 2030 and oil prices will rise to $200 a barrel (IEA, 2009).

The increasing uncertainty surrounding the current and future energy prices suggest that
modern movement buildings style of Le Corbusier, which shaped most of the post-war UK
buildings, will become increasingly unsustainable and unaffordable. Therefore, there is a
pressing need to improve the energy efficiency of this stock and draw attention towards more
energy efficient design of new buildings, upon which twenty-first century building design

will be increasingly inspired, shaped and styled.
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2.9 Energy Efficient Buildings and Passive Design

In the UK, buildings account for almost 50% of energy demand and associated CO,
emissions namely for electricity, heating, cooling, ventilation and lighting (DEFRA, 2008).
In its Energy White Papers (DTI, 2003, 2007) and Energy Efficiency Action Plans (DEFRA,
2007a) the UK government outlined its strategy to accelerate the transition towards an
energy efficient and low carbon economy. Within this strategy, the UK government
recognised the significant contribution and the vital role the built environment can play to
deliver a sustainable energy economy. It set out an ambitious target to reduce the built
environment’s carbon emissions by up to 11.7 million tonnes of carbon per year by 2020 or 8

% of total UK carbon emissions in 2005 (DTI, 2007, Clarke et al., 2008).

Designing a sustainable and energy efficient building to meet carbon reduction targets
outlined above is not a straightforward process due to the complexities of many influencing
factors. However, according to Thomas (2006) the starting point should consider passive

design.

Passive design is the design of the building’s heating, cooling, lighting and ventilation
systems using sunlight, wind, vegetation and other naturally occurring resources on the
building site (Kibert, 2008). It includes the use of all possible measures to reduce energy
consumption before considering any active systems (boilers, air conditioning, pumps and
other powered systems). A successful passive design system generates a truly climate-
responsive and a sustainable energy efficient building, thereby reducing the costs of heating,

cooling, ventilation and lighting.

According to Kilber (2008) passive design has two main features:
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e The use of building’s location and site to reduce the building’s energy profile;

e The design of the building itself; its orientation, fenestration, ventilation paths and

other measures.

Figure 2.3 and Table 2.2 demonstrate and summarise some of the factors that should be
included in the development of a passive design strategy. These factors are likely to include
orientation, latitude, altitude, solar radiation, annual wind strength and direction, the presence

of trees and vegetation, and the presence of other buildings.

Surrounding
buildings

Trees for shading

Sun path

Building
orientation

Local pollution
Noise

Bearing capacity
Legislation

Prevailing \ S
wind and site ) Access and parking
exposure / (if necessary)

Figure 2.3 Site considerations in passive design
Source: (CIBSE, 2004)
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Table 2.2 Passive design factors

Source: (Kibert, 2008)

Local climate

Latitude (lower temperatures in places of greater latitude),
sun angles and solar radiation, wind velocity and direction,
air temperature and humidity throughout the year.

Site conditions

Topography (e.g. slope, site views), vegetation, soil
conditions, relationship of other buildings.

Building aspect ratio

Ratio of the building’s length to its width. In cold climate
the ratio is 1.0 (square in shape) to minimise the surface
area through which heat can be transmitted. While in hot
climate the aspect ratio increases with the building
becoming longer and narrower to minimise the relative
exposure of east and west surfaces that experience the
greatest sun load.

Building orientation

Long axis oriented east-west, room layout, glazing.

Building use

Occupancy schedule and use profile

Daylighting strategy

Fenestration, daylight devices (light shelves, sky-lights,
internal and external louvers)

Building envelope

Geometry, insulation, fenestration, doors, air leakage,
ventilation, shading, thermal mass.

Internal loads

Lighting, equipment, appliances, people

Ventilation strategy

Cross-ventilation potential, paths for routine ventilation

Therefore, different buildings have different passive design considerations depending on

their use, geometry, location, climatic and site conditions. A detailed description and

explanation of each factor has been discussed in many publications such as Rennie and

Parand (1998), Littlefair et al. (2000), CIBSE (2004), ICAEN (2004), CIBSE (2006),

Thomas and Fordham (2006), McMullan (2007), ACE et al. (2008), Kibert (2008) and

Szokolay (2008).
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One of the most important factors affecting the sustainable design of buildings is the
consideration of local climatic conditions and characteristics (Szokolay, 2008). Buildings
were traditionally constructed to protect and provide shelter from the vagaries of the weather
(ICAEN, 2004; Roaf et al., 2008). They were considered as climate modifiers which could
take advantage of local weather to enhance their architectural integrity and environmental

quality (Givoni, 1998; Hui and Tsang, 2005).

However, there is a mounting scientific evidence and consensus that our climate is changing
(UKCIP, 2009). Undoubtedly, this change will have a crucial impact on how buildings will
operate and perform. Most of the new build and current building stock will still be in use in
50 year’s time and historical weather patterns will have been used to calculate building
performance and energy needs (Kilsby et al., 2007). Nevertheless, it is not clear how relevant
these calculations will be 50 years from now for what may be a very different prevailing
climate (Sharples and Lee, 2009). Therefore, it is not possible to achieve sustainable and
energy efficient buildings design without thorough understanding of how our future climate

will change over the coming decades (Hui and Tsang, 2005).

2.10 Conclusion

Achieving sustainable development requires humankind to live within the limits of the
environment’s capacity; provide resources for human activities and subsequently absorb the
pollution and waste that these activities generate. Sustainable construction, as a necessary
contributing element of sustainable development in the built environment, aims to reduce the
environmental impact of a building over its entire lifecycle, whilst improving its comfort and

the safety of its occupant and ensuring economic viability.
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As a consequence of increased global energy demands serious environmental impacts
(pollution, CO, emissions and climate change) are becoming evident. Moreover, fossil fuels
are becoming increasingly finite (and unaffordable) leading to a pressing need for the built
environment to become more energy efficient. Therefore the adoption of a passive design
approach, which takes into consideration climate change and its impacts, will ensure that

buildings remain resilient; healthy; affordable and resource efficient.
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CHAPTER THREE

CLIMATE CHANGE

3.1 Introduction

There is increasing scientific evidence that human activities are changing the earth’s climate
and that likely future changes present a serious threat to human society and the natural
environment. Climate change is seen as a symptom of unsustainable development (Mackay,
2008). The Fourth Assessment Report (AR4) from the Intergovernmental Panel on Climate
Change (IPCC) in 2007 said that “it is very likely that anthropogenic greenhouse gas
increases caused most of the observed increase in global average temperatures since the mid-
20" century” and more recent research has increased confidence in this statement (UKCIP,
2009, p.9). This chapter reviews climate change by examining its causes and looking at the
impacts that it might have on the globe and the UK in particular. The recent responses to
tackle this serious threat both internationally and within the UK are outlined with a focus on

the implications for the built environment.

3.2  Whatis Climate Change?

According to the IPCC (2007, p.30) climate change refers to ‘a change in the state of the
climate that can be identified (e.g. using statistical tests) by changes in the mean and/or the
variability of its properties, and that persists for an expected period, typically decades or
longer. It refers to any change in climate over time, whether due to natural variability or as a

result of human activity’. Another definition given by the United Nations Framework
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Convention on Climate Change (UNFCCC), is that ‘climate change relates to a change of
climate that is attributed directly or indirectly to human activity that changes the components
of the global atmosphere and that is in addition to natural climate variability observed over

similar time periods’ (IPCC, 2007, p.30).

3.3  Evidence of Changes in Global Climate and Potential Effects on Natural and

Human Environment

Evidence is mounting that the global climate is changing. Records taken from millions of
individual thermometers around the world since 1850 show that the global average surface
temperature has risen by about 0.6°C since the beginning of the twentieth century (Figure
3.1), with about 0.4°C of this warming occurring since the 1970s (Hulme et al., 2002). The
year 1998 was the warmest year on record, and 2001 was the third warmest while 2008 was
the tenth warmest on record (Jones, 2009). Furthermore, the 1990s was the warmest
complete decade in the last 100 years, and it is likely that the last 100 years was the warmest

century in the last millennium (Hulme et al., 2002).

0.6
Global air temperature

0.4 2008 anomaly +0.33°C
(10th warmest on record)

Temperature anomaly (°C)
&
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1860 ' 1880 | 1900 = 1920 | 1940 = 1960 = 1980 = 2000

Figure 3.1 The observed increase in global-average surface temperature. Anomalies are
relative to 1961-1990 average.
Adapted from (Jones, 2009)
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Other evidence for changes in global climate include (Hulme et al., 2002; IPCC, 2007):
® an increase in night-time temperatures over many land areas at about twice the rate of
day-time temperatures increases;
¢ more intense rainfall events over many Northern Hemisphere mid-to high latitude
land areas and

® an increase in the sea level by about 20 cm between 1900 and 2000.

Temperature increases, changes in rainfall and drought patterns, sea level rise, and changes
in storm intensities will put people’s lives at risk from drought, flooding, famine and disease
(Hulme et al., 2002). Moreover, climate change is likely to exacerbate current stresses on
water resources from population growth and economic and land-use change, including
urbanisation. Increased temperatures will affect the physical, chemical and biological
properties of fresh water (IPCC, 2007). This will put more pressure on shrinking water

resources which may lead to regional political tension and instability (IPCC, 2007).

In addition to the environmental and social impacts, increasing attention is being placed on
the economic costs of climate change. In 2006, Stern’s Review on the Economics of Climate
Change was the first comprehensive UK review of the impacts of climate change on the
world economy (Stern, 2006). This review evaluated widespread evidence of the impacts of
climate change and on the associated economic implications and used several techniques to
evaluate costs and risks. It concluded that unless strong and early actions to tackle climate
change were implemented, costs in excess of 20 % of global gross domestic product (GDP)
would be incurred if delayed [GDP is a basic measure of a country’s overall economic
output]. In contrast, the costs of these actions if have been taken now would only be about

1% of GDP (Stern, 2006).
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Whatever the cause, the fact that the Earth’s climate is changing is unequivocal and this
change is increasingly posing a serious threat to humankind’s way of life, endangering the
global environment, economy and security. Therefore, understanding the causes of that
change will help to reduce the risks of the threat and prepare suitable adaptation measures to

deal with the consequences that cannot be avoided.

3.4  Causes of Climate Change

3.4.1 The Greenhouse Effect

A balance between energy coming from the Sun in the form of visible radiation (sunlight),
and energy constantly being emitted from the Earth to space in the form of infra-red
radiation determines the temperature of the Earth (Smith, 2005, HM Government, 2006).
The energy coming in from the Sun can pass through the atmosphere with little direct
warming effect but it warms the Earth’s surface which in turn warms the atmosphere by
convection and the emission of infrared radiation, which is absorbed by gases called the

‘greenhouse gases’ (Figure 3.2).

An analogy is made with the effect of a greenhouse, which allows sunshine to penetrate the
glass that in turns keeps the heat in, hence the term ‘greenhouse effect’” (HM Government,

2006).
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The Greenhouse Effect
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Figure 3.2 The greenhouse effect
Source: (Noel, 2007)

Smith (2005) emphasises that without this natural greenhouse effect, the Earth would be over
33°C cooler than it is and would be too cold to be habitable. He also stresses that as
greenhouse gas concentrations rise well above their natural levels, the additional warming

that will take place could threaten the future sustainability of the planet.

The main, naturally occurring, greenhouse gases are water-vapour (H,O), carbon dioxide
(CO,), methane (CHy4) and nitrous oxide (N,O) (Hardy, 2003). Although water vapour makes
the greatest contribution to the greenhouse gases, it has a short lifetime in the atmosphere
and its concentration is largely determined by the temperature of the atmosphere and not

simply by emission rates (Hardy, 2003).
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By contrast, the other three gases have relatively long atmospheric lifetimes, (50-200 years
for CO,, 12-17 years for CHy, 120-150 years for N,O), and so their concentrations are
determined by emission rates (Hardy, 2003). Each greenhouse gas has a different capacity to
cause global warming, depending on its radiative properties, its molecular weight, its
concentration and its residence time in the atmosphere (Smith, 2005). Figure 3.3 shows the
relative contribution of greenhouse gases to global warming over the next 100 years. Clearly
CO, is the most important greenhouse gas and it is likely that it will have a significant impact

on the future change in the climate.

Others
Nitrous oxide 3%

10%

Methane
24%

Carbon dioxide
63%

Figure 3.3 The relative contribution of current emissions of greenhouse
gases to global warming over the next 100 years
Source: (HM Government, 2006)
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3.4.2 Why is Climate Changing?

In order to identify the causes of recent changes in the climate, the Hadley Centre for climate
prediction provided a model for simulating global climate from 1860 to 2000 considering
natural factors, human factors (anthropogenic emissions of greenhouse gases) and then both
sets of factors combined. Results from this model showed that only when both sets of factors
were combined could the temperature rises in the mid-twentieth century and more recently

since 1970s be explained (Hulme et al, 2002).

The Earth’s climate varies naturally as a result of interactions between the ocean and the
atmosphere, changes in the Earth’s orbit, fluctuation in energy received from the Sun and
volcanic eruptions (Hulme et al., 2002). Human activities such as burning fossil fuels for
transport, energy generation and other purposes, along with an increase in deforestation and
agriculture are likely to have significantly contributed to the acceleration rate of this natural
change, particularly since the industrial revolution (Houghton et al., 2001; Hulme et al.,
2002; Vivian et al., 2005). In less than 200 years the atmospheric concentrations of these
greenhouse gases has been increased by some 50 % relative to pre-industrial levels (Hulme

et al., 2002).

Figure 3.4 illustrates that globally, the annual CO, emissions have increased between 1970
and 2004 by nearly 80 % from 21 to 38 Gigatonnes (Gt) and represented 77 % of total
greenhouse gas emissions in 2004 (IPCC, 2007). The largest increase in greenhouse gas
emissions between 1970 and 2004 has come from energy supply followed by industry,
deforestation, agriculture, transport, residential and commercial buildings, waste and

wastewater (Figure 3.5).
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Figure 3.4 Global annual emissions of greenhouse gases from 1970 to 2004

Source: (IPCC, 2007)

Waste and
Forestry Was:t:/water
includes °
Deforestation Energy Supply
17% 26%

8%

Agriculture
14%
Transport
13%
Industry Residential and
19% Commercial
Buildings

Figure 3.5 Contribution of different sectors in total greenhouse gas emissions

in 2004.
Source: (IPCC, 2007)
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The additional quantities of greenhouse gases, emitted from different human activities, result
in an increase in greenhouse gas concentrations. This increases the energy absorbed in the
lower atmosphere contributing to changing the pattern of other climatic events including

changing rainfall intensity and storm frequency (Houghton et al., 2001).

3.5 UK Climate Change

While the term ‘global warming’ represents the basic world-wide climate change, many
more complex changes are expected in particular on the scale of regions and individual
countries (Houghton, 2009). In the UK, which is located between the continental climate of
Central Europe and the maritime climate of the Atlantic and influenced by the Gulf Stream,
there are expected to be complex changes in temperature, precipitation and wind patterns,

cloudiness and humidity, and sea level (Sanders and Phillipson, 2003).

Analysis of climate data in Central England covering the last three and half centuries shows
that the surface temperature rose by about 1°C during the twentieth century and the 1990s
was the warmest decade since records began in the 1660s (Hulme et al., 2002). Ten of the
warmest years on record have occurred since 1990, with July 2006 being the warmest month
on record, the autumn of 2006 was the warmest autumn, and April 2007 was the warmest
April (Arup, 2008). August 2003 was the hottest month recording the highest peak
temperature in the UK (38.5°C at Faversham, Kent) and resulted in 2,000 premature deaths
in the UK (Arup, 2008). The flooding in the summer of 2007 showed the devastating impact
that can result from sudden heavy downpours; this caused the flooding of 55,000 properties

and left 350,000 people without mains water (DEFRA, 2009).
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Other evidence for changes in the UK climate includes (Arup, 2008):

the thermal growing season for plants in Central England has lengthened by about

one month since 1900;

e heatwaves have become more frequent in summer with an increase in average
duration of summer heat waves by between 4 to 16 days in all regions of the UK
since 1961;

* Winters over the last 200 years have become wetter relative to summers throughout

the UK

® average sea level around the UK is now about 10 cm higher than it was in 1900.

One of the earliest climate change impact studies in the UK was undertaken by the London
Climate Change Partnership (LCCP) (LCCP, 2002). Table 3.1 summarises the main findings
of the report and gives examples of how climate change could increasingly affect different

aspects of people’s way of life.
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Table 3.1 Potential climate change impacts on the UK
Source: (London Climate Change Partnership, 2002)

Issue

Key Impacts

Higher
Temperatures

Intensified urban heat island (an area such as a city or industrial site
which has consistently higher temperatures than surrounding areas
because of a greater retention of heat, as by buildings, concrete, and
asphalt).

Increased demand for cooling energy in summer.

Reduced demand for space heating in winter.

Flooding

More frequent and intense winter rainfalls leading to riverine flooding
and overwhelming of urban drainage systems.

Rising sea levels, storminess and tidal surges require more closures of
rivers barriers.

Water Resources

Increased water demand in hot, dry summers.

Reduced soil moisture and groundwater replenishment.

River flows higher in winter and lower in summer.

Water quality problems in summer associated with increased water
temperatures and discharges from storm water outflows.

Health

Poorer air quality affects asthmatics and causes damage to plants and
buildings.

Higher mortality rates in summer due to heat stress.

Lower mortality rates in winter due to reduction in cold spells.

Biodiversity

Increased competition from exotic species, spread of diseases and pests,
affecting both fauna and flora.

Rare salt-marsh habitats threatened by sea level rise.

Increased summer droughts cause stress to wetlands and beech
woodlands.

Earlier springs and longer frost-free season affect dates of bird egg-
laying, leaf emergence and flowering of plants.

Built
Environment

Increased likelihood of building subsidence on clay soils.

Increased ground movement in winter affecting underground pipes and
cables.

Reduced comfort and productivity of workers.

Transport

|

Increased disruption to transport systems by extreme weather.
Higher temperatures and reduced passenger comfort.

Damage to infrastructure through buckled rails and rutted roads.
Reduction in cold weather- related disruption.

Business and

|

Increased exposure of insurance industry to extreme weather claims.
Increased cost and difficulty for households and business of obtaining

Finance flood insurance cover.
Risk management may provide significant business opportunity.
Increased temperatures could attract more visitors to the UK.
Tourism and Higher temperatures encourage residents to leave the UK for more
. |:> frequent holidays or breaks.
Lifestyle

Outdoor living, dining and entertainment may be more favoured.
Green and open spaces will be used more intensively.
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Clearly, these changes will affect many aspects of the UK environment, economy and
society including agriculture, the distribution of plants and animals, health, tourism,
buildings, and the transport infrastructure. Therefore, it is crucial to understand the nature of
climate change risk to be in a position to ‘future proof” the lives of people for the projected

range of future climate scenarios.

3.6 UK Climate Change Scenarios

While the fact that the climate is changing is beyond reasonable doubt, the precise nature of

such change remains highly uncertain. This uncertainty arises from three main causes

namely (Hulme et al., 2002; Jenkins et al., 2009):

e Natural climate variability (natural internal processes in the climate system such as
interactions between ocean and atmosphere; natural external influences on climate
such as fluctuations in energy received from the Sun and changes in the amount of

particles in the atmosphere from volcanoes);

e Imperfect understanding of Earth system processes and their incomplete

representation in climate models; and

e Uncertainty in future emissions of greenhouse gases and other pollutants, which
depends upon how economies, population, energy technologies and societies

develop.

Since at present, there is no way to forecast future changes in the activities of the Sun or
volcanoes, variations in these have been excluded in future climate projections (Jenkins et

al., 2009). Only natural internal processes variability in the climate and future emissions of
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greenhouse gases can be predicted and therefore can be included in any future climate

projections models (Jenkins et al., 2009).

The IPCC in its Special Report on Emission Scenarios (IPCC SRES) developed a range of
projections of possible future emissions which in turn were based on different descriptions of
how the world may develop in the decades to come (IPCC, 2000). Four of these emissions
(designated B1, B2, A2 and A1F1) were chosen to cover the whole range of projection

scenarios.

Figure 3.6 shows the amount of carbon emitted over the twenty-first century under each of
these emissions scenarios. Summed over the century, A1F1 has the highest total emissions
[2189 Gigatonnes of carbon (GtC) or 8034 Gigatonnes of CO, (GtCO,) since 1 GtC equals
3.67 GtCO,] which is more than twice total emissions of the lowest scenario, B1 [983 GtC or

3608 GtCO;] (Hulme et al., 2002).
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Figure 3.6 Global carbon emissions from 2000 to 2100 for the four chosen
SRES emissions scenarios.
Source: (UKCIP, 2002)
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To address uncertainties in emissions of greenhouse gases and provide a common baseline
over the extensive range of climate impact studies that have been carried out in the UK, the
UK Climate Impacts Programme (UKCIP) developed well-defined future climate scenarios.
These combine the future greenhouse gas emission scenarios report produced by the
Intergovernmental Panel on Climate Change (IPCC) (IPCC, 2000), with the results from the
climate simulation models (run by the Met Office Hadley Centre) (Johns et al., 2001) and
processing by the Tyndale Centre at the University of East Anglia, Norwich (Hulme et al.,

2002, Sanders and Phillipson, 2003).

The outputs from the models provide a range of estimates of regional variations to a
resolution of 50 km for various components of the climate, such as temperature and rainfall,
and are given for the 2020s [the period from 2011 to 2040], 2050s [the period from 2041 to

2070] and 2080s [the period from 2071 to 2100] (Hulme et al., 2002).

All changes in climate components (temperature, rainfall, humidity etc.) are expressed
relative to a modelled 30-year baseline period of 1961-1990. Levels of confidence have also
been assigned to particular qualitative statements in terms of high, medium-high, medium-
low, and low which are related to the original IPCC scenarios B1, B2, A2 and A1F1 (Table
3.2). These confidence levels reflect the reliability of a selection of the predicted outputs
(scenarios) based on the subjective opinion of the developers of the models and are not

described as being scientifically accurate (Hulme et al., 2002, Vivian et.al, 2005).

Table 3.2 shows the changes in global surface temperature and atmospheric CO,
concentration for the 2080s period for the four scenarios. Atmospheric CO, concentration
levels are expressed in parts per million by volume (ppm). [1 ppm of atmospheric CO,

concentration is equivalent to 2.13 GtC or 7.81 GtCO,] (Clark, 1982).
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Table 3.2 Changes in global surface temperature (°C) and atmospheric CO, concentration
(ppm) for the 2080s period for the four scenarios.
Source: (UKCIP, 2002)

SRES Emissions UKCIP02 Climate Increase in Global Atmospherzc CO;
. . Surface Temperature Concentration
Scenario Change Scenario R
(°0) (ppm)

Bl Low Emissions 2.0 525
B2 Medium-Low 23 562

Emissions
A2 Medium-High 33 715

Emissions
AlF1 High Emissions 3.9 810

Global surface air temperature may increase between 2°C and 3.9°C and the associated CO,
concentration may increase between 525 ppm (4100 GtCO;) and 810ppm (6326 GtCO,)
depending on the developed future scenario. It is worth noting that CO, concentration in
1959 was about 316ppm (2468 GtCO,), increased to 389 ppm (3038 GtCO,) in 2009 or

nearly 1.5 ppm ( 11.7 GtCO,) per year on average (Roaf et al., 2009).

Examples of how average temperature and average precipitation, could change under
different emissions scenarios are presented in Figure 3.7 and Figure 3.8. These figures
demonstrate that predicted mean temperature and precipitation changes vary significantly
according to which scenario is adopted and on a region by region basis. The projected
changes in the climate will start to become obvious by 2050s with significant changes

happening by 2080s.
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Figure 3.7 Projected changes in average summer and winter
temperature under two emissions scenarios.
Source: (Hulme et al., 2002)
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Figure 3.8 Projected changes in average summer and winter precipitation
under two emissions scenarios.
Source: (Hulme et al., 2002).
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Figure 3.7 shows that the average temperatures in winter and summer across the UK may
rise by between 1.5°C and 3.5°C and between 2°C and 5°C respectively by the 2080s,
depending on the scenario. The average precipitation in winter will increase by between 10
% and 30 % while average summer precipitation will decrease by between 10 % and 50 %

by the 2080s, depending on the scenario (Figure 3.8).

Generally, there will be greater warming in the southeast than the northwest and there will be
more warming in summer than winter. In contrast, there will be wetter winters and dryer

summers in the southeast than northwest.

Based on the results from the UKCIP analysis, key projections in the future UK climate are

likely to be (Hulme et al., 2002; UKCIP, 2009):

e warmer and wetter winters;

e hotter and drier summers;

* more frequent summers heatwaves;

e relative humidity will reduce;

e snowfall amounts will decrease;

e relative sea level will continue to rise and extreme sea levels will be experienced
more frequently;

¢ the Gulf Stream may weaken in the future.

Many variables exist in modelling future climate change and it is difficult to know which
scenario is more likely to occur or which event will have the greatest impact. Therefore, it is
important to recognise that those scenarios do not represent the full range of potential climate

change impacts; rather they simply reflect a range of plausible climate futures.
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Given the range of uncertainty inherent in this kind of analysis, within both the projected
emissions trajectories and the climate models employed, the relative likelihood of each
scenario cannot be determined. Each is therefore considered equally likely (Gaterell and
McEvoy, 2005). However, this uncertainty should not be used as an apology for not taking
suitable adaptation actions to tackle climate change. Many decisions in business and politics
are commonly made in the light of uncertainty (e.g. investment decisions) and deciding on
the need for, and type of adaptation should be approached in a similar way. This normally
involves taking a risk management approach such as that described in the UKCIP risk,

uncertainty, and decision making framework (Willowsand, 2003).

In response to the increased demand for information about uncertainties associated with
future climate information in order to assess the range of risks that climate change poses,
UKCIP published UKCP09. Instead of the single deterministic numbers (Table 3.2) given in
UKCIPO2 which hide the uncertainty (i.e. working with fixed input parameter values and
representing results as single values rather than probability ranges) (Jenkins et al., 2009),

UKCIPO9 presents the probability of a certain change happening within a certain time frame.

Figure 3.9 illustrates the distinction between UKCIP02 and UKCIP09 by using temperature
as an example. The single approximate value for change in temperature from UKCIP02
provides no information about uncertainty. Using a range of climate models outputs would
provide different changes in temperature but give no information on which to use. In
contrast, UKCIP09 demonstrates a range of potential outcomes and the probability of each
outcome, based on how much evidence there is for different levels of future climate change,

using a developed methodology and professional judgement (Jenkins et al., 2009).
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Figure 3.9 Difference between UKCIP02 and UKCIP09 using temperature as an example
Source: (Jenkins et al., 2009)

Figure 3.10 shows the projected changes to mean daily maximum temperature in summer in
UKCIP09 by the 2080s under the Medium emissions scenario. The figure demonstrates that
mean daily maximum temperatures increase everywhere across the UK. However,

temperature increase is larger in the south and smaller in the north.

By taking the southeast area as an example (Figure 3.11), there is a 10 % probability [very
unlikely] of the temperature rise being less than 2.3°C, a 50 % probability [as likely as not or
central estimate] being less than or exceeding 5.3°C and a 90 % probability [very likely]

being less than 9.2 °C.
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Figure 3.10 10, 50 and 90 % probability levels of changes to mean daily maximum
temperature in summer by the 2080s, under the Medium emissions scenario.

Source: (Jenkins et al., 2009)
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Figure 3.11 Probabilistic levels of changes to mean daily maximum temperature in summer
by the 2080s, under the Medium emissions scenario for the southeast of England.

Source: (Jenkins et al., 2009)
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The UKCIP09 projection is more robust since it describes the degree of uncertainty in the
scenario in probabilistic terms allowing risk assessment to be investigated for seven
overlapping 30-year periods (2020s, 2030s, 2040s, 2050s, 2060s, 2070s, 2080s) and for three
different future emission scenarios (Low, Medium, and High) (Jenkins et al., 2009). Similar
to UKCIP02, all changes in different climate variables (temperature, precipitation etc.) are

expressed relative to a modelled 30-year baseline period of 1961-1990.

It is worth noting that the results of this new set of projections are broadly consistent with the
previous set, UKCIP02. However, there is a lot more information in UKCIP09 and wider

ranges in the new set of projections (UKCIP, 2009; DEFRA, 2009).

3.7  Actions to Reduce Climate Change

Climate change is a global problem with global causes and effects (Hardy, 2003). Reducing
greenhouse gas emissions and dealing with the effects that cannot be avoided require efforts
by all countries around the world. These efforts should consist of each country’s
responsibility for greenhouse gas emissions, its capability to take actions and the impacts it

will experience (IPCC, 2007).

3.7.1 International Actions

In response to the climate change threat, the UNFCCC was agreed at the Earth Summit in
Rio de Janeiro in June 1992 (Halliday, 2008; UNFCCC, 2010a). In December 1997,
developed countries agreed at Kyoto to legally binding targets which will reduce their
emissions by 5.2 % below 1990 levels over the period 2008-2012 (Munasinghe and Swart,
2005). The Kyoto Protocol came into force in February 2005 and to date has been ratified by

190 countries (UNFCCC, 2010a).
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The European community and its member states agreed to an 8 % reduction by 2012
(DEFRA, 2007a). The Protocol also set up mechanisms to assist in meeting Kyoto targets in
the most efficient and cost-effective manner. These mechanisms are international emissions
trading, Joint Implementation (JI) and the Clean Development Mechanism (CDM), by which
credits from emission reducing projects in one country can be used to meet the Kyoto target
of another country. Under JI, projects can be hosted in developed countries, and under CDM,

in developing countries (HM Government, 2006).

In 2009, the United Nations Climate Change Conference commonly known as the
‘Copenhagen Summit’ was held (UNFCCC, 2010b). The purpose of the Summit was to
agree a framework for climate change mitigation beyond Kyoto Protocol commitments
which end in 2012 (UNFCCC, 2010b). The Summit endorsed the continuation of the Kyoto
Protocol and recognised the importance of taking actions to maintain any future temperature
rises below 2°C. However, the agreement did not contain enforceable commitments for
reducing emissions that would be essential to prevent any increase in temperature beyond

2°C (UNFCCC, 2010b).

3.7.2 UK Actions

In the UK, The UK Climate Change Programme was launched in 2000 by the British
government to cut greenhouse gas emissions in the UK. Currently, the UK is the world's
seventh largest producer of man-made CO, emissions emitting around 570 million tonnes or

2 % of the total generated from fossil fuels (DEFRA, 2009).

Under the Kyoto Protocol, by 2008-2012 the UK must reduce its emissions by 12.5 % from a

baseline target set in 1990 (DEFRA, 2009). In November 2008, a climate change bill was
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introduced which commits the UK to reductions in CO, emissions of at least 26 % by 2020
and a long term goal of an 80 % reduction by 2050 (Mumovic and Santamouris, 2009). The
UK became the first country to set such a long range and significant carbon reduction into
law (DEFRA, 2009). Furthermore, it introduces a new statutory body, the Committee on
Climate Change to provide expert advice and guidance to government on achieving its

targets (Mumovic and Santamouris, 2009).

The Government’s plan for tackling climate change has four principles (DEFRA, 2009):

protecting the public from immediate risk by increasing flood protection, coastal

erosion management, and efficient use of water and health contingency plans;

e preparing for the future by, for example, changing the way we build and refurbish our
houses and infrastructure and developing new ways to do business;

e creating a low carbon economy by making fundamental changes to decarbonise the
UK in a way which maximises business opportunities, treats people fairly and keeps
energy supplies safe and secure; and

e gsupporting individuals and businesses to play their role by working with all groups in

society to support those already doing their part and to encourage others to start.

Reducing the risks that climate change may present requires both actions that reduce the
build up of greenhouse gases in the atmosphere to slow the rate of change (mitigation) as
well as making adjustments in policies and practices that take a changing climate into

account (adaptation) (Larsson, 2003).

The UK government, through the UK climate change programme, proposes details of where

different mitigation and adaptation actions could be taken to achieve carbon reduction
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targets, and is being encouraged by several government policies in the following sectors:
energy, business, transport, domestic, agriculture, forestry and land use, and the public sector

(HM Government, 2006).

It should be noted that the climate change programme and the different adaptation and
mitigation actions embedded in it have been developed within wider policy frameworks set
by the government and the devolved administration e.g. (the UK sustainable development
strategy) to ensure synergies and avoid conflicts with other dimensions of sustainable

development (HM Government, 2006; IPCC, 2007).

3.8 Impacts of Climate Change on the Built Environment in the UK

Potential changes in the UK climate are likely to have a range of impacts on the built
environment (Wilby, 2007). Table 3.1 (page 46) gives examples of how climate change

could increasingly affect the integrity of the built environment.

The most important consequence of climate change on the built environment concerns the
impact of higher temperatures on thermal performance (Wilby, 2007). According to Gaterell
and McEvoy (2005a) two climate parameters are important in terms of thermal comfort,

heating degree days and cooling degree days.

Heating degree days (HDDs) are defined as the cumulative number of degrees in a month or
a year by which the mean external temperature is below a base temperature and are used to
determine space heating requirements (CIBSE, 2006). Conversely, cooling degree days
(CDDs) is the cumulative number of degrees in a month or a year by which the mean
external temperature exceeds a base temperature and is used to determine cooling energy

loads (CIBSE, 2006). Clearly, under future climate change scenarios these values are likely
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to vary considerably and as the climate warms the number of HDDs decreases and the
number of CDDs increases. Anticipated numbers of HDDs and CDDs under different

UKCIPO2 scenarios are shown in Table 3.3.

These changes in HDDs and CDDs as a result of climate change will respectively decrease
the energy demand required for space heating in buildings and increase the energy demand
required for space cooling. The amount of the reduction in heating energy demand or the
increase in cooling energy demand depends mainly on the amount of temperature change in
the climate scenario, the thermal properties of the building envelope and the adjustments

allowed in the building stock over time (Wilbanks et al., 2008).

At present, the majority of buildings in the UK are naturally ventilated (Hacker et al., 2005).
As the outside temperatures become higher as a result of changing climate, the potential to
provide cooling with comfort using external air will be less effective.

Table 3.3 Anticipated numbers of HDDs and CDDs under different climate change

scenarios by 2050
Source: (Gaterell and McEvoy, 2005a)

Projected number by 2050°

Low emission scenario High emission scenario
HDDs" 1785- 1955 1575- 1725
CDDs* Up to 80 Up to 150

* Based on climate conditions in South East England.
® Developed from a 15.5 °C base.
¢ Developed from a 22 °C base.
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An obvious solution to reduce uncomfortable hot indoor temperatures is the use of air
conditioning systems. However, this solution is unfavourable since it will increase energy
consumption of buildings and hence CO, emissions that are causing climate change (Hacker

et al., 2005).

It is likely that the overheating of buildings in summer and the associated thermal discomfort
will be an increasing problem because of climate change. Therefore, there is a need to adapt
the current building stock to minimise thermal discomfort, reduce energy costs and CO,

emissions using passive design and low carbon energy methods.

3.9  Opportunities in the Existing Stock: Mitigation and Adaptation

Reducing the risks that climate change may pose in the built environment requires different
mitigation and adaptation options to be implemented effectively. The way in which buildings

are designed and used is crucially important to achieve that goal (Wilbanks et al., 2008).

So far, efforts to address climate change in the built environment have focused primarily on
actions and measures for climate change mitigation by making buildings more energy
efficient and reducing greenhouse gases (Steemers, 2003). But this is only half of the picture.
Regardless of our actions to reduce greenhouse gas emissions we are likely to already be

committed to a change in our climate as a result of our past actions.

There is an increasing concern about climate change adaptation associated with the existing
building stock, which is currently one of the single biggest sources of energy consumption
and associated CO, emissions in the UK (Steemers, 2003). The existing building stock

accounts for about 50 % of total UK energy consumption while nearly 50 % of all UK
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carbon emissions can be attributed to energy use in buildings for heating, cooling lighting

and ventilation (Sorrell, 2003; Halliday, 2008).

In the UK, 85 % of domestic buildings which were constructed before 1985, when energy
efficiency was first introduced to the Building Regulations, are on average, energy inefficient
(DCLG, 2007a; HM Government, 2008). The percentage of energy inefficient non-domestic
buildings is difficult to estimate due to the absence of reliable data (RIBA, 2009). However,
it is widely recognised that the overall picture is likely to be little different from that in the

domestic buildings (Bell, 2004).

The average rate of replacement of the existing stock in the UK is approximately 1 % per
year which means that around two thirds of the building stock that will be standing in 2050
has already been built (RIBA, 2009). Consequently, widespread adaptation of this existing
stock is essential to ensure that they remain comfortable, energy efficient and fit for purpose

in the present and the future under different climate change scenarios (Arup, 2008).

In line with the ambitious UK target to reduce built environment carbon emissions by up to
11.7 million tonnes per year by 2020 (DTIL, 2007), improving the energy efficiency of the
existing stock through refurbishment will play a vital role in achieving this aim and
delivering low carbon buildings. Refurbishment of buildings as an adaptation strategy in the
face of climate change will be required to minimise energy use, maximise winter indoor

temperatures and minimise indoor temperatures during heat waves.

Clearly, the existing buildings are of a particular concern. However, it is worth noting that in
the context of climate change scenarios, typically spanning this century, new buildings will

have an increasingly important role as older buildings are replaced. Within the next 50 years

63



Chapter Three Climate Change

one might expect half the existing buildings to have been replaced (assuming a replacement
rate of 1.0 % annually) (Steemers, 2003). It is evident that climate change and its

implications will need to be reflected in future building design and refurbishment.

3.10 Conclusion

Climate change is one of the most pressing environmental, social and economic problems
facing the planet today. There is now a widespread scientific consensus that human activities
are the principal cause. Avoiding dangerous climate change requires immediate and
sustained global action. Different agreements, policies and actions have been set up both
globally and within the UK to reduce the greenhouse gas emissions and to adapt for the

unavoidable climate change impacts in different sectors.

The climate change scenarios developed by UKCIP represent an important step forward in
understanding the nature of climate change and how to respond to it. It is designed as a base
for several climate change studies so that public and private organisations can assess the

likely impacts on their core activities, planning processes and investment decisions.

Climate change will have a significant impact on the built environment. It will affect
summertime thermal comfort in buildings and the energy use associated with heating and
cooling systems. Existing buildings need to be able to withstand the impacts of climate

change over the next 50-80 years to guarantee their long term sustainability.

It is widely recognised that making significant reductions in carbon emissions from the built
environment will require significant improvement to the energy efficiency of the existing
stock. Therefore, it is important to look towards the future, analyse how existing buildings

will cope with the changes in the climate using UKCIP scenarios and take appropriate
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actions to make these buildings more energy efficient and resilient. This will help delivering
sustainable buildings that reduce operating cost, improve comfort levels and increase

occupant satisfaction as well as achieving significant reductions in CO, emissions.
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CHAPTER FOUR

HIGHER EDUCATION BUILDINGS

4.1 Introduction

Higher Education Institutions (HEIs) have a central role in contributing to the agenda for
sustainable development, not only through the development and delivery of an appropriate

curriculum but also through the management of their estates (HEPS, 2004).

The significance of the HEIs estate, which in England comprises approximately 25 million
m” of gross space (HEFCE, 2004), is acknowledged in the development of a strategy for
sustainable development in the higher education (HE) sector (HEFCE, 2005). This strategy
makes clear that the performance of the HEI estate is an essential factor in delivering
sustainable development and outlines plans to consider modifying capital funding procedures

to encourage the use of sustainable construction practices.

Institutions are under a range of pressures to reduce their building energy use, carbon
emissions and improve the energy efficiency of their building stock. Securing the Future -
central government’s latest sustainable development strategy makes it clear that climate
change, the sustainable use of natural resources and development of renewable technologies

need to be central to decisions taken throughout the sectors including HE (UKSDS, 2005).

Many statutory instruments and voluntary agreements have been put in place that will help

guide the HE sector towards reducing energy consumption and carbon emissions (HEEPI,
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2008). These include the International Kyoto Protocol, the Climate Change Levy: a form of
energy taxation for which HEIs are liable; the EU Emissions Trading Scheme which requires
all organisations (including HEIs) to measure and report on their CO, emissions and set
targets for reductions; and UK Building Regulations which set increasingly rigorous
standards for efficiency, monitoring and reporting for new and existing buildings (HEEPI,

2008).

Decision making in the built environment, where asset lives of between 50 and 80 years
(DEFRA, 2007a; de Wilde et al., 2008) are not uncommon, is beset with uncertainty. For
example, increasingly unpredictable energy prices are likely to have a significant long-term
impact on the economic viability of different building types. For UK HEIs, projected
changes in energy prices, forecast in September 2005, were predicted to result in an
additional £60 million to £70 million in energy costs for the financial year 2005/2006
(AUDE, 2005). The variability in energy costs emphasises the risks imposed by energy

consumption and the importance of energy efficient buildings.

The implementation of effective sustainable construction practices requires uncertain
pressures to be evaluated systematically. This is already recognised in the development of a
toolkit by the Association of University Directors of Estate (AUDE) which seeks to provide
assistance to Directors of Estates and their teams to make a prudent decision on whether to
refurbish or to demolish and rebuild a very large proportion of HE stock which was built in

the 1960’s (AUDE, 2008).

It is important to recognise that delivering solutions that are deemed to be sustainable under
current conditions is only the start. To ensure such solutions remain effective over their life

time, their ability to adapt to different levels of uncertainty needs to be understood.
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For example, the whole-life performance of buildings, particularly their reliance on fossil
fuel based heating and cooling energy is, in part, dependent on working with prevailing
climate conditions. However, while the fact that the global climate is likely to change over
the coming decades is beyond reasonable doubt, the precise nature of that change remains

highly uncertain (Hulme et al., 2002; UKCIP, 2009).

In the UK, projections suggest there is a range of equally plausible, but very different,
climate conditions that could prevail in 50 years time (UKCIP, 2009) which could have
significant impacts for the performance of non domestic buildings (Hacker et al., 2005). The

HE sector is no exception to this.

This chapter reviews the current state-of-the art with regard to assessing the sustainability of
refurbishments or redevelopment strategies in the HEIs and investigates the potential impacts

associated with climate change uncertainty.

4.2  Higher Education Stock

4.2.1 Overview

HE in the UK is a growing sector, with student numbers increasing by a factor of 5 over the
last 30 years (Carbon Trust, 2007; Universities UK, 2008). This means that the energy
consumption of colleges and universities is also growing and leading to increased emissions

of CO,.

In 2004, there were 171 HEIs in the UK: 133 are located in England, with 20 in Scotland, 14
in Wales and 4 in Northern Ireland (Fawcett, 2005; Universities UK, 2008); with total staff

numbers estimated at 330,000 and 2.25 million students (HEFCE, 2005).
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In England, the total gross floor area is nearly 25 million m” or 18.6 million m” of the net
space area [the total usable floor area in a building excluding the area occupied by walls,
columns, partitions, circulation (where people walk) and mechanical equipments](Carbon
Trust, 2007; HEFCE, 2007). This accounted for 0.04 % of the total number of non domestic

building stock premises and 2.9 % of the floor area (Bruhns et al., 1997).

According to the Convenor of the Environmental Association for Universities and Colleges
(EAUC), the environmental impact of the universities and colleges of HE in the UK is
enormous (EAUC, 1998). The sector spends in excess of £15.4 billion annually on goods and
services, consumes £200 million worth of energy annually or 7,771 million k