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1.1 aim of study

Non domestic buildings account for about one-sixth of the UK.’s entire CO, emissions and one-third of the building
related ones [2). Their proportion of energy consumption, particularly electricity, has also been growing [2]. New
buildings are not necessarily better, with energy use often proving to be much higher than their designers
anticipated [2]. Annual CO, emissions of two -and sometimes three- times design expectations are far from unusual,
leaving a massive credibility gap [2].

These and other global environmental and human health related concerns have motivated an increasing number of
designers, developers and building users to pursue more environmentally sustainable désigns and construction
strategies [5]. However, these buildings can be difficult to evaluate, since they are large in scale, complex in
materials and function and temporally dynamic due to limited service life of building components and changing user
requirements [5]. All of these factors make environmental assessment of the buildings challenging.

Previous Post Occupancy Review of Buildings and their Engineering (PROBE) building investigations have uncovered
serious shortcomings in facilities management, or at least mismatches between a building’s management needs and
the ability of the occupiers to provide the right level of management [1]. Consequently, large differences between
energy performance expectations and outcomes can occur virtually unnoticed, while designers continue to repeat
flawed descriptions [2). This investigation attempts to evaluate the building’s operation and to help achieving
demonstrable improvements in terms of energy efficiency and occupant satisfaction.

The scope of this study is to evaluate the actual environmental performance of a building notable for its advanced
design. The Education Resource Centre at the Eden Project was selected to compare design expectations with post
occupancy performance. This report contains a small-scale survey of user satisfaction with the chosen building, an
analysis of the building’s energy use and information about the physical and managerial circumstances operating
[24]. The author has attempted to zoom in on specific issues, such as energy performance and lighting
consumption. Both successes and failures have been reported, providing owners, designers and end users with
valuable, real-world information.
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1.2 methodology

An environmental assessment is a systematic analysis of the environmental effects of a building project and it may
be carried out at any time during a building’s lifetime to assess performance and to demonstrate compliance with
environmental objectives [7, 8]. The objective is to provide buildings that achieve a close match between the
expectations of clients and the predictions of the design team [7] and to ensure that good environmental
performance can be verified, showing that CO, savings can be made. Such feedback can make buildings better for
the occupiers, individual users and the environment and provide a continuous stream of information for
benchmarking and continuous improvement [26, 44].

The building's performance was evaluated through all the stages of the building process, from early design
decisions to commissioning and occupation. Methods of obtaining information included designer and occupant
interviews, building visits, study of architectural/mechanical drawings and building services manuals and
questionnaires. The table in Appendix 7.1 represents the activities carried out in chronological order.
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1.3 report structure

Following the introduction, this project continues with a literature review of the need for sustainability in
architecture due to climate change. The significance of post-occupancy evaluation to the actual performance of
the building and the energy benchmarks are then discussed.

Chapter 3 quotes a detailed description of the building, commenting on its building services and performance
targets.

The data collected is described in chapter 4, where the simulation results on enérgy consumption and
environmental conditions are presented and the survey results indicate the rate of occupant satisfaction. A lighting
analysis of the areas of interest is then carried out, concluding with the evaluation of the Photovoltaics and the
Ground Source Heat Pumps performance.

In chapter 5 the results are drawn and compared with the designers’ intentions, while some possible suggestions are
discussed.

Finally, chapter 6 includes the overall conclusions and the future work that could be done.
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2.1 C0: emissions & global warming

Hurricanes and tornadoes in England and France. Mountains in Spain often get snow. There are wild fluctuations of
temperature in Australia and floods in Mozambique. Are these recent events due to climate change and global
warming? Or are they just bad weather? [19].

Nobody can ascribe any single weather event directly to climate change; but a consensus of climatologists world-
wide agrees that human-induced global warming caused by increasing concentrations of greenhouse gases, due to
atmospheric pollution, has begun [11, 19, 21). The most common greenhouse gas, albeit not the one with the highest
global warming potential, is CO,. Human activity is responsible for the production of CO,, whiéh contributes in excess
of 50% towards overall global warming, and a number of other potent greenhouse gases, including methane CH,,
nitrous oxide NO,, and chlorofluorocarbons CFCs (11, 21].

Currently, 7.4 gigatons of CO, are emitted to the atmosphere each year [37]. The resulting concentration of the
atmospheric C0,, according to the Environmental Protection Agency E.P.A. [36], is approximately 370 ppm; about
95ppm greater than the pre-industrial concentration. Similarly, Beggs C. [11] suggests that CO, concentrations have
grown from 280ppm in the middle of the 18" century, to approximately 353ppm in 1990; a rise of about 26%, leading
to a current increase of about 0.5% a year. E.P.A. and Beggs’ opinion that CO, concentrations in the atmosphere will
increase throughout the next century is consistent with the Royal Commission on Environmental Pollution which
states that C0, is increasing by 0.4% every year, adding that present concentrations are bound to increase further
because emissions are continuing to rise and because CO, remains in the atmosphere for 50-200 years [21]. Indeed,

200000 the Intergovernmental Panel on
S°hd° Climate Change, I.P.C.C., forecasts
A UIGS e ———
Gases ——— that a likely doubling of
150000 =4 (oo atmospheric CO, will occur by 2050
Total — (1. Similar predictions of CO,

emissions in the UK. are presented
in the following graph, by the
Carbon Dioxide Information Analysis
Centre C.D.LA.C. [14].
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Graph 1: CO, emissions in the U.K. from fossil fuel burning, cement production, and
gas flaring for 1751-2002. Source: [14].



According to the Royal Commission of Environmental Pollution [21] and most of the other reports examined [10, 11, 12,
15, 18, 19, 22, 43], there is growing scientific evidence that greenhouse gas emissions caused by human activity are
having an affect on the Earth’s climate. The evidences suggest that the Earth’s climate has warmed by almost about

0.7°C since the end of the 19" century and that the pace of this warming is increasing [11]. Similar results can be

seen from the Intergovernmental Panel on Climate Change, L.P.C.C., which calculated the annual temperature trends

from 1976 to 2000, producing the next figure:
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Graph 2: Annual temperature trends: 1976 to 2000. Source: [15].
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The Congressional Budget Office’s [12] figure, which is in keeping with the |.P.C.C., shows the possible distribution of
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Graph 3: Average global temperature in °C, relative to 1986-1995 average. Source [12].

changes in  average  global
temperature as a result of human
influence. The probability that the
actual global temperature will fall in
the darkest area is 10% and that it
will fall within the whole shaded area
is 90%. However, C.B.0. adds that
actual temperatures could be
affected by other factors, such as
volcanic activity and the variability
of solar radiation.
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The Hadley Centre for climate prediction and research of the U.K. Meteorological Office [13] has similar predictions,

T T T T T T T T T ] suggesting  that, under the

————  Nuothem Hemisphore

————— Southam Harisphars “business as usual” scenario, which

k;.

assumes mid-range  economic
growth but no measures to reduce
greenhouse-gas emissions, the
world’s climate will warm by about
3°C over the next 100 years, as it
can be seen in the adjacent graph.
This is in accordance with the

IP.C.C's forecast of a 1.5°C and
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Graph 4: Annual average surface air temperature change. Source: [13).

It is also predicted that as global warming progresses, sea levels will rise by over 400mm by 2080, due to the
combined effects of thermal expansion of the oceans and the melting of polar ice [11]. Even if all industrial activity
stops now, BRE [19] adds that these changes to sea level will continue. Shepherd A. [10] and Boyle G. [22] agree with
Beggs C. [11], stating that sudden changes in the Earth's climate can alter Antarctica’s balance.

Antarctica, being home to the largest reservoir of fresh water
anywhere on Earth, in the form of a vast sheet of ice that covers
almost all of its land, plays a key role in the Earth's hydrological cycle
[10]. Because Antarctica is a huge frozen environment, its ice was
expected to respond only slowly to the recent increase in global

temperatures - which have climbed 10 times faster in the 20"

century than at any other time in the last 1000 years [10]. In fact, in

Picture 1: Cracks in Antarctica’s icy armour.
Source: [10]

2000 BRE [19] supported that these catastrophic events are
considered to be of low probability at present. Now, however, satellite
observations tell a different story. Coastal glaciers are accelerating and thinning at various places around the entire
continent, and it seems that the vast quantity of heat delivered by the Earth's gradually warming oceans may be to
blame [10]. Indeed, in 1995 and again in 1999, vast sections as large as London detached and floated away in a
matter of days [10].
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What would happen if the Antarctic ice sheet were to collapse entirely? A cautionary finding was announced by
Matthew Lythe of the British Antarctic Survey in 2001 [10]. He re-examined information about the continent's
bedrock that had been obtained through extensive geophysical surveys of the previous 30 years, measuring
properties such as the thickness and elevation of the ice [10]. By simply constructing a map of ice thickness and
given that four-fifths of this rests above sea level, Lythe concluded that global oceans would rise by a staggering
57m if the ice were to rapidly melt [10]. These are enough to inundate 18 of the 20 most-populated cities on Earth,
including New York and London [10]. Moreover, the sudden input of icy cold waters could disturb patterns of global
ocean circulation and threaten the uncommonly warm climates that northern Europe experiences today [10].
Although we are not sure what will happen in the future, we do know that the Earth's sea levels rose by some 18cm
during the 20" century, most of which was due to thermal expansion [10]. .

If the amount of carbon dioxide doubles during the 21st century -as the L.P.C.C. assumes in one of its scenarios-
Antarctic glacier losses will overtake projected snowfall gains by the year 2035. This, in turn, would lead to even
bigger rises in sea levels [10], changes in weather patterns and a greater frequency of extreme events [21]. The
environmental and social consequences of such changes are potentially catastrophic [21].
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2.2 sustainable architecture

Increasing evidence of man-induced climate change has made reducing CO, emissions a priority and led to

increased awareness of the need for sustainability in construction [8]. Initiatives such as the Kyoto Protocol seek to

limit greenhouse gas emissions and the U.K.'s Government's Energy White Paper set a goal to reduce carbon dioxide

emissions by 60% by 2050 [17, 19]. According to BSRIA [8] and BICEPS [18], the construction and use of buildings is

responsible for a large proportion of the UK total CO, emissions, the major greenhouse gas, of which:

®  about 50% results from energy used in buildings

®m 10% are from energy used in construction, including the energy needed to produce and transport materials
and \

®  an estimated 22% results from energy used to transport people between buildings.

Similarly, CIBSE [43] estimated that buildings account for approximately 45% of total energy consumption in the UK.
and 41% across the European Community. BRE [19] also adds that domestic energy use has been assessed as directly
contributing 16% to the UK. CO, emissions. In 1993 the commercial sector in UK. covering private offices,
entertainment and leisure industries, retail and distribution, were responsible for the emission of 57 million tones of
€0, [29].

The built environment generally has an expected lifetime of 20 to over 100 years per building [19]. As such, a well
designed building can help to minimise impact on the environment due to the consumption of energy and other
resources (water, materials, land) and the waste produced over its lifecycle [8, 27]. There are thus increasing
pressures to ensure that buildings:

®  enhance living, working and leisure environments

= consume minimum energy and other resources over their lifecycle

®m  use renewable resources wherever possible and

®  generate minimum waste over their lifecycle,

while they do not endanger the health of the occupants, cause unnecessary damage to the natural environment
and use materials from threatened species or environments [8].

According to BRE [16], the ultimate goal is a carbon neutral building. Energy consumption should be as low as
possible. Heating is currently the main energy use in the UK., so insulation to ensure that as little heat as possible is
lost from the house is important [16, 29]. The type of fuel and the efficiency of the heating system determine the
amount of carbon emitted. From the five step changes scenarios examined, looking at ways of achieving a 60%
carbon saving by 2050, only one reaches this target. It includes increasing the number of dwellings with heat pumps
to 50% by 2050 and assumes that of those buildings that do not have heat pumps use wood or biomass boilers,
while the remainders use conventional heating systems. This scenario gives an energy saving of 19.9% by 2050 and
the corresponding carbon saving is 60.7% [16].
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To ensure that the necessary consideration is given to environmental issues it is recommended that an
environmental policy is developed for construction projects and an environmental management system is
established to implement it. A stated environmental policy, which is reviewed throughout the design and
construction phases, will help to ensure a well designed building with low running costs and resource consumption
[8]. Indeed, according to BRE [16], changes to the Building Regulations resulted in lower energy consumption in the
average British dwelling in 2001 (80.8 GJ) than that in 1974 (82.2 GJ), despite a large increase in the number of
dwellings with central heating.

In the UK. legislation has been used for many years to encourage energy efficiency, both in the pre-occupancy
period during the design and in the post-occupancy period of energy use and management over time [18]. The main
mechanism for achieving energy efficiency designs is Part L of the National Building Regulations, which covers the
conservation of fuel and power [31). The emphasis of this legislation has been directed to the fabric of the building
and its impact on energy losses and gains.

These requirements mainly address:

= the summer performance of buildings, through limiting the heat gains through the fabric

® the performance of air conditioning and mechanical ventilation systems and the provision of zone and timing
controls and boiler control interlocks
the boiler seasonal efficiency, inspection and commissioning
guidance on reducing thermal bridging and air leakage (satisfactory levels or air infiltration do not exceed
10m*/h per m of external surface area at an applied pressure difference of 50Pa) [31].

® the heat losses through the roof, wall, floor, windows, doors, hot water pipes and hot air ducts, by applying
suitable thicknesses of insulation and by limiting the total area of the openings to 25% of the total floor area
[31]. However, reducing the glazed area, could lead to inadequate daylighting.

®  the energy rating for every new dwelling, using the S.A.P. (the government’s Standard Assessment Procedure
for Energy Rating of dwellings) and the Carbon Index. According to the Building Regulations 2002, this
requirement would be met if the Carbon Index for the dwelling, or each dwelling in a block of flats or converted
building, is not less than 0.8 [31].

®  the performance standards for luminaires and for display lighting, through the utilisation of energy-efficient
lamps with manual or automatic switching controls [31].

The most important decisions affecting the environmental impact of the building are taken at the earliest stage in
building conception, but the occupation and feedback stages of the lifecycle are also crucial to environmental
management [8].
















































































































































































































































































































































