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Abstract

Abstract

Global environmental degradation is one of the most serious threats facing
humankind as a result of the expansion of its activities around the globe. Scientific
evidence is growing that greenhouse gas emissions are having a noticeable effect on
the earth’s climate. Sustainable development has become a global issue and its life
cycle influences the life cycles of the whole planet dramatically. As widely accepted,
CO, emissions are the most significant impact on global climate caused by the
amount of energy consumed (Kyoto Protocol, 1997). The UK Government has signed
the United Nations Framework Convention on Climate Change in 1992 and is
therefore committed to reducing the emission of six greenhouse gases with carbon
dioxide being the most significant to 12.5% lower than the 1990 levels (DEFRA.
2000). The Government has also indicated that it has an aim of further reducing the
emissions with an eventual target of 20% below the 1990 levels by 2010. Energy
consumed by the UK building stock approaches 50% of the total while transport is
responsible for 28% (DETR, 2000). Accordingly the energy used in housing stock is
responsible for about 30% of overall emissions (Shorrock and Walters, 1998), which
is a major contributor to global warming and therefore, improving energy efficiency

and reducing carbon dioxide emission within housing stock is a key factor for long-

term sustainability in the built environment.

This research aims to study the energy efficiency standards, CO, emissions and
energy ratings of privately rented, university controlled and approved properties
within Sheffield. In general, properties in this particular sector account for about 15%
of the total housing stock and demonstrate one of the worst conditions of housing
standards in the UK (Revell and Leather, 2000). In this research however, properties
analysed have shown better characteristics regarding energy efficiency standards
especially when compared to the worst housing examples in the country. This is
mainly due to properties being controlled and approved by the university
standards/requirements, and resulted in achieving higher energy efficiency standards
within the privately rented sector. Case study analysis carried out includes over 200

privately rented properties, showing dwelling conditions and examining efficiency of

both water and space heating systems.
il




Abstract

As a global matter, environmental issues and good building design have also been
increasingly important in the UK. For that reason, energy and environmental
assessment methods for buildings have been developed in order to accomplish good
building design, which could contribute considerably to reducing pollution and
improving the environment. These assessment methods identify criteria for a range of
issues also concerning the global, national and indoor environments. Due to the
importance of building energy and environmental assessment methods, many
components have to be discussed for the future of buildings and more emphasis
should be paid to encouraging property developers to utilise the appropriate methods
in order to design energy conscious buildings. Some of the existing methods
concerning ‘Environment and Healthy Building’ developed and used in the country

have been reviewed and discussed in the perspective of global effects.

In this study, having chosen university-controlled properties would therefore help
to utilise the university authority to take action effectively and play a key role in
guiding energy efficiency improvements within privately rented properties. With
university authority, potential improvements in these properties can be encouraged
and implemented much effectively, whilst existing legislation and policies are
inoperative to enforce retrospective energy standards in existing housing.
Furthermore, this has a negative impact on private rented sector and comes into being
a major barrier for this particular sector. Therefore, this is an opportunity that will not
only increase energy standards of the housing stock in Sheffield, but also help to
achieve the rate of improvement required by the Home Energy Conservation Act

1995 and reduce the overall energy consumption caused by the existing housing stock

in the country.
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Introduction

Introduction

1. Background

As broadly accepted, global warming is now forever on the world's agenda.
According to the UN Inter-Governmental Panel on Climate Change (IPCC), an
immediate reduction in carbon dioxide (CO;) emissions of at least 60% is required to
stabilise concentrations in the atmosphere in the long term. Moreover, the Royal
Commission on Environmental Pollution (RCEP) Report on Climate Change (22nd
Report) has warned that increasing atmospheric concentrations of greenhouse gases,
particularly CO,, will have serious impacts on the world’s climate (DEFRA. 2000).
The report further suggests that the evidence is mounting that climate change could

have a significant effect on the UK and therefore the UK would have to reduce its

emissions by 60% by 2050.

On the other hand, the UK Government’s Climate Change Programme set to
deliver 20% reduction from 1999 level by 2010 has suggested that this may be
insufficient with current measures (DETR, 2000). Given that the domestic sector is a
major contributor to the UK’s total CO, emissions (about 30%), this is an important
area to tackle effectively. In the UK, while new buildings achieve a high level of
energy efficiency through the standards enforced by Part L of the building
regulations, existing housing stock experiences from one of the lowest energy
efficiency levels in Europe, with average SAP rating 51 (Shorrock and Utley, 2003).

Therefore, action in this area is evidently needed if both social and environmental

sustainability is to be achieved.

Being aware of all this, the author has become more concerned with energy
efficiency in housing and possible impact caused on the environment. His main
concern and focus area has become ‘energy conservation’ and ‘why it is vital in our
environment’. During the past twenty-five years cnergy for heating buildings has
been relatively low-priced, mainly with the effect of utility privatisation on prices and
designers felt able to work without taking energy conservation into account. However

this situation has now started to change due to increasing price and potential shortage
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of world oil and therefore designers will have to show careful consideration not only
to building regulations, which prescribe a minimum standard, but also to other factors
in design, which will also reduce energy consumption. Energy conservation is

important for many reasons, such as economic, environmental and social (see

appendix B).

Before 1973, little action was taken towards energy conservation. With the rapid
increase on energy prices in 1970s, international attention has been given to an encrgy
conservative way of life. The problem of energy use and availability is common to a
greater or lesser extent throughout the world. While the industrialised nations depend
heavily upon fossil fuels for their industrial processes, the developing nations also
desire to increase their technological capabilities and thus the use of energy in its
various forms. In the last fifty years, there has been a tremendous increase in world
energy use, partly as a result of the availability of easily extractable fossil fuels (coal,
gas and oil) and awareness of the limited nature of these reserves existed since 1970s.
Although it is unlikely that the world will completely run out of fossil fuels in the
next millennium, the majority of easily extractable reserves are located in a small part

of the world and the prices due to increase (see ‘World Energy Use’ section in chapter

1 for more details).

Nowadays, fossil fuels are too costly to be burned; they should be used wisely, not
wastefully or/and again not for the purpose of cooling, heating, etc. It must be
stressed that the world’s fossil fuel energy is limited by geological conditions. We are
living in a period where energy demands must be reduced through any means
available. These should also include; conservation of energy, employment of
renewable energy, energy-conscious planning and design of buildings. In this stage, it
could be said that the renewable energy sources should be the primary energy sources
of 21st Century, as being a free source of energy (derived from solar radiation,
including direct use of solar energy for heating or electricity and indirect forms such
as energy from the wind, waves, etc.) and thereby reducing the associated

environmental impact on our very environment in worldwide (Boyle, 1996).

Solar energy is a renewable resource, which can easily be a plentiful contribution
to heating and lighting in buildings and has an important role in sustainable

2
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development in our environment. There is plenty of sunshine available and if only
properly controlled, can help to reduce energy use in buildings. This energy is also a
non-polluting source and therefore its effective utilisation helps to reduce emissions
of carbon dioxide and other gases resulting from the use of fossil fuels. Every
building has certain amount of its heating requirements met by solar energy. Sunlight
passing through windows is a source of heat; however most buildings are not
specifically designed to utilise this solar energy. The value of passive solar heating is
enhanced by proper building insulation. A well-insulated building requires less energy

for heating; and thus passive solar features can meet much of the heating load.

Actions to improve housing energy efficiency could result in great energy savings,
both for cooling and especially for heating. Among all efforts to improve energy
efficiency, application of thermal insulation in building envelope components (i.c.
ceilings, walls, floors and glazing) is the most effective and important factor. In
addition to reduction in space heating and cooling costs on a long-term basis, other
benefits such as occupant’s comfort and smaller capacity requirements for heating
and cooling systems would be achieved. Due to considerable savings in operating
costs and initial costs, insulation pays back its investment in a short period of time. It
is a well-known fact that solar energy as an important and non-polluting renewable
energy source can make a vast contribution to energy savings, which can again limit

environmental damage, conserve fossil fuel reserves and save money.

With the UN Framework Convention on Climate Change in 1992, UK has
committed to reducing the emission of the basket of six greenhouse gases with carbon
dioxide being the most significant to 12.5% lower than the 1990 levels by 2010.
Energy consumed by the building stock approaches 50% of the total energy
consumption as oppose to transport being 28%. Furthermore energy used only in
domestic building sector is responsible for about 30% of overall carbon dioxide
emission and considerably is a major contributor to the global warming. Over the 25
years period (1973 - 1998), despite the increase mentioned above, the total energy
consumed within a home by the average UK household fell by about a tenth
(Shorrock and Walters, 1998). Now this fall is mostly attributable to a decline in the

average number of people per household, to an increase in insulation and draught
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proofing as new homes are built and existing dwellings are improved, and to the

introduction of more energy efficient heating systems.

2. Scope of the Problem

Today, if we were to analyse current conditions and energy standards of UK
housing stock, we would easily conclude that there are potentials for energy
efficiency improvements, particularly in the private sector. According to the English
House Condition Survey (EHCS) Reports published in 1998 and 2003, there are
considerable scope for improvements in the energy efficiency and thermal
performance of the existing housing stock. The vast majority of existing housing has

an average SAP rating of 51, which falls well below modern building regulation and

energy standards (Shorrock and Utley, 2003).

In the UK, local authorities can only have a little influence on the private sector,
which accounts for the majority of the stock, and this therefore remains a great
challenge for the government, whilst there is no enforced legislation of energy
standards in the private sector. Consequently, this research has focused on the
privately rented properties within this sector that also accounts for about 15% of the

total housing stock and demonstrates one of the worst conditions of housing standards

in the country (Revell and Leather, 2000).

Furthermore, the UK has a reputation for poorly heated homes, low indoor
temperatures and a general preference for sweaters over building insulation especially
when compared to other European countries and therefore experiences higher levels
of inequality and poverty (Stephens, et. al., 2002). Although there has been a rapid
growth in central heating and greatly improved heating standards over the last two

decades, low levels of insulation remains a problem.

Moreover, revised building regulations will only affect new housing and therefore
legislation for energy efficiency improvements in existing housing should be properly
enforced. Accordingly, standards need to be progressively raised and more effectively
supervised. Even so, it is clear that regulations on their own will not be sufficient to
achieve a really substantial improvement in the overall environmental performance of

dwellings. They will need to be supplemented and reinforced by stronger policy
4
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direction, and a more proactive programme to increase public and professional

awareness of the objectives and the potential for improvement.

3. Actions to tackle Existing Problems

The main mechanisms currently in place for addressing energy efficiency in homes

are briefly explained below:

The Energy Efficiency Standards of Performance (EESoP), the precursor of
Energy Efficiency Commitment (EEC), was introduced as a mechanism to assist in

delivery of climate change policy, whereas Warm Front was initially more socially

based to promote affordable warmth.

The Home Energy Conservation Act (HECA) requires Local Authorities to plan to

improve the energy efficiency of housing in their area by 30% on a baseline of 1995

by 2010.

Energy efficiency measures also form part of energy security; the performance and
innovation unit (PIU) report on energy policy has been published emphasising energy
efficiency as a key strand of future energy policy. The report recommends an

improvement target for home energy efficiency of 10% by 2010 and a further 20% by
2020.

The Government’s Decent Homes standard is a four-part definition. Social housing

providers are required to identify all homes that do not meet these standards and

propose a plan to bring them up to standard by 2005.

Links between cold homes and ill-health are well established. The Health Act
addressed the organisation of health care in the UK, such that the emphasis now falls

on Primary Care Trusts (PCTs) to deliver local care working through the network of

health professionals (HMSO, 1999).

The UK Quality of Life headline indicators include poverty, health, housing and
climate change and give a snapshot of the state of the country as a result of measures

and events for sustainable development (HMSO, 1999).

h
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4. Research Hypothesis

The broad question driving this research is:

Can the UK meet its domestic sector goal to reduce carbon dioxide emissions

to 20% below 1990 levels by 2010?

To do so, will improving energy efficiency and reducing carbon dioxide emissions
within privately rented sector actually help to deliver positive results and achieve

long-term sustainability in the domestic sector?

This research attempts to answer the primary question by taking into consideration
the secondary question, which is investigating potentials for energy efficiency
improvements and reduction of carbon dioxide emissions in the privately rented
sector. It is important to emphasise that the aim of this study is to determine potentials

for improving energy efficiency and reducing carbon dioxide emissions in existing

housing, particularly in the private sector.

S. Research Aims and Objectives
» To provide a database of the current conditions and energy standards of
privately rented properties.
* To investigate potentials for energy efficiency improvements and reduction

of carbon dioxide emissions in the privately rented sector.

* To evaluate and review energy and environmental assessment methods, and

their applications in terms of energy efficiency and carbon index (CI).

» To identify a way of cost effective modifications to dwelling base designs
which can improve energy efficiency within privately rented properties.

* To develop case study results that can be used by landlords/landladies to
encourage energy conservation.

= To promote general recommendations for immediate energy savings

throughout privately rented properties analysed with supplementary

documentation enclosed within feedback reports compiled.
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6. Research Methodology

The work for this research has investigated the potential for energy efficiency in

privately rented properties within Sheffield. The research methodology was as

follows:

Current conditions of these properties including the efficiency of space and water

heating systems in use were examined.

SAP ratings of these dwellings with respect to CO, emissions were calculated.

Reductions of carbon dioxide emissions due to modifications conducted to base
designs were identified and compared to the current situation of the properties and
therefore necessary energy efficiency improvements were suggested in order to

optimise energy use and CO; emission consumed accordingly.

Additional to SAP ratings and CO, emissions calculated; total costs of energy use

for space and water heating, natural ventilation and heat loss in these properties were

also examined.

245 properties have been studied; existing conditions (with relevant SAP rating).
total costs of energy use (both for space and water heating), CO, emissions, effective

air change in the property (natural ventilation) and heat loss parameters have been
determined.

Furthermore, the research has also been followed up by the comparison between

results obtained from Stelrad Software (Home Assessment Rating Procedure) and

SAP Calculation Program (version 9.53).
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7. Thesis Structure

This section provides a summary guide to this thesis. This thesis consists of eight

sections including chapters and appendices, which can be summarised as follows:

Introduction

This section contains the introduction, which gives a background to the issues in
this area. It also includes a descriptive introduction to the scope of the problem. aims

and objectives, methodology and the thesis structure.

Chapter 1. Energy and the Environment

This chapter outlines energy use and the environment on the whole and looks at
the history of energy use and alternative energy sources in the UK. Renewable energy
has also been reviewed in order to comprehend why it is necessary to replace fossil
fuels. Moreover, this chapter considers the action that is currently being taken both

internationally and in the UK to tackle the effects, which our energy use has on our

environment.

Chapter 2. Housing Typology in the UK

This chapter reviews the typology of existing UK housing and examines the
profile of the stock by type, age and region to determine influences that will affect

building designers when tackling issues regarding energy efficiency improvements

and carbon dioxide emissions in existing stock. In this chapter, energy efficient house

design and benefits for its occupants have also been reviewed.

Chapter 3. Energy and Environmental Assessment Methods for Buildings in the

UK

This chapter reviews the main existing energy and environmental assessment
methods for buildings in the UK and presents a comparison chart to assist users
choosing the appropriate method for the building energy study and environmental

impact assessment. Furthermore, the importance of using existing assessment
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methods and why they should be integrated within building design and thermal

performance analysis has also been discussed.

Chapter 4. Energy Consumption in Domestic Buildings

This chapter outlines the pattern of domestic sector energy use and determines
potential improvements in this sector to help the UK meet its international
commitment. In this chapter, embodied energy of materials and energy efficiency
basics have been reviewed. This chapter also talks about the Home Energy
Conservation Act 1995 and examines complications experienced by local authorities
in meeting 30% improvement rate in domestic energy efficiency by 2010. Moreover,

the UK government’s Home Information Pack, which is due to be introduced, has

been considered as well.
Chapter 5. Case Studies within Private Housing Sector in Sheffield

This chapter presents case study analysis carried out in privately rented properties
within Sheffield and assesses energy efficiency standards of these dwellings.
Calculations of CO; emissions and SAP ratings have been included and modifications
to basic designs with respect to other energy efficiency measures have also been

examined. In addition, case study results have been supported with potential energy

efficiency improvements suggested.

Conclusion

Conclusions are drawn and further recommendations are specified regarding the
case study analysis undertaken in privately rented properties within Sheffield.
Furthermore, in this section, the UK’s domestic sector goal to reduce carbon dioxide
emissions, the main greenhouse gas, to 20% below 1990 levels by 2010 and to deliver
the required standards have also been discussed with respect to the current conditions

and energy standards of these privately rented dwellings analysed.
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Several papers were published as part of the research and these papers are included

in appendix C. A list of all the appendices is given below:
Appendix A. Questionnaire, SAP and Feedback Report

Appendix B. Greenhouse Gases and Energy Conservation

Appendix C. Publications

10




Chapter 1 Energy and the Environment

1 Energy and the Environment

1.1 Introduction

This research study is aimed at energy efficiency in housing and potential
improvements in existing housing in the UK. This chapter outlines energy use and the
environment on the whole and additionally looks at the history of energy use and
alternative energy sources in the UK. Renewable energy is also reviewed in order to
understand why it is essential to replace fossil fuels. Moreover, this chapter considers

the action that is currently being taken both internationally and in the UK to tackle the

effects, which our energy use impacts on our environment.

Energy plays a central role in human life and therefore its demand and use is
increasing continuously as the world population increases. Energy sustains life and

provides the facility that is certainly needed in people’s lives. Today, the world is

facing various environmental problems, which have come to the public

consciousness. Many of these are largely the result of large-scale fuel use. One of the
most significant problems appears to be that of ‘global warming’, a gradual increase
in the global averaged air temperature at the earth’s surface. The majority of scientists
now believe that global warming is probably taking place, at a rate of around 0.3°C
per decade, and that it is caused by increases in the concentration of so-called

‘greenhouse gases’ in the atmosphere (Houghton, et al., 1990 and 1992).

Despite the latest draft report from the UN Inter-Governmental Panel on Climate
Change (IPCC) stating that the burning of fossil fuels has contributed substantially to
the observed warming over the last 50 years, there is still a lobby that believes that
there is still no definitive answer to the question as to weather the current episode of
global warming is being driven by human activity or is a fluctuation due to natural
causes. However, there is widespread evidence that changes in the earth’s climate are
occurring at a rate almost unprecedented. It is the wide scale evidence of anomalous
climatic events coupled with the rate at which they are occurring that has convinced

the IPCC scientists that the finger of blame points to human activities rather than

natural causes (for further details, see appendix B).
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1.2 Global Warming and the Greenhouse Effect

There are four main gases that cause global warming: Carbon dioxide (CO,),
methane (CHy), the chlorofluorocarbons (CFCs) and nitrous oxide (N>O). Carbon
dioxide’s warming contribution is about 50%, whereas the contribution of methane.
the CFCs and nitrous oxide are approximately 18%, 14% and 6% respectively. The
shockingly large contribution of these latter gases is due the fact that methane is 25
times more effective than CO, as a greenhouse gas, the chlorofluorocarbons up to
10,000 times and nitrous oxide 150 times. In contrast, carbon dioxide is more

important due to the fact that it is integrally bound up with the carbon cycle and our

use of fossil fuels (Harland, 1995).

The scientific evidence is growing that man-made greenhouse gas emissions are
having a noticeable effect on the earth’s climate. CO, has played a significant role in
moderating the increase of the amount of the sun’s energy falling on the earth since
the beginning of life. Globally, seven of the ten warmest years on record were in the
1990’s. In the future, the earth’s climate could warm by as much as 3°C over the next
100 years (see figure 1.1). We are in a danger of destroying this delicate natural
balance by exhausting even increasing quantities in to the atmosphere and the results
could be catastrophic. During the energy crisis in 1970s, the concern was with our
diminishing reserves of gas, oil and coal. However today, the concern is to reduce
CO, emission, which reaches the atmosphere. For more information on ‘list of

greenhouse gases’” and ‘how to compare the relative climate effects of greenhouse

gases’, see appendix B.

Figure 1.1: Relative Warming Effect of Current Emissions of

Greenhouse Gases over next 100 years. (Met Office 2001)

Carbon dioxide
m Methane
[1Nitrous Oxide
[ Others
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A balance between energy coming in from the sun in the form of visible radiation
(sunlight) and energy constantly being emitted from the surface of the earth to space
determines the temperature of the earth. The energy coming in from the sun can go
through the atmosphere almost unchanged and warm the earth; however the infrared
radiation emanating from the earth’s surface is partly absorbed by some gases in the
atmosphere and re-emitted downwards. This further warms the surface of the earth
and the lower atmosphere. The gases that play a big role in this naturally are mainly
water vapour and carbon dioxide. An analogy is made with the effect of a greenhouse,
which allows sunshine to penetrate the glass that in turn keeps the heat in, hence the
greenhouse effect (see figure 1.2) (DEFRA, 2000).

Figure 1.2: The Greenhouse Effect. (Met Office 2001)

THE GREENHOUSE EFFECT

Intfrased haat anarqgy from
the ground is partly
refllected by the glass, and
some is trapped inside the
greenhouse

Visible anargy from the sun
passes thiough the glass
and heats the qround

Thw et Offlc Tiadiay L sntra £ar CImate I'mdictian and Neaareh

Without this natural greenhouse effect, the earth would be over 30°C cooler and
would be too cold to be habitable. Nevertheless as greenhouse gas concentrations
increase well above their natural levels, the additional warming that will take place
could threaten the future sustainability of the planet. For further information about

scientific and technical review on climate research (2000/1), visit www.met-

office.gov.uk.
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1.3 World Energy Use

1.3.1 Background

Today, modern societies and particularly industrial societies are entirely dependent
upon the use of large quantities of energy, which are mostly in the form of fossil
fuels. Energy is regarded as essential for the growing, distribution and preparation of
foods, used for construction, manufacturing, communication and the organisation of

other various activities. World’s energy use review is always useful in order to
understand the modern use of energy in our time. Mankind has used wood fires to
keep warm, to provide light and to cook food for over a million years. Fire was also
used to extract and work metals, fire clay pots and bricks. Yet again, animals were
used for traction in agriculture and wind was used to power ships in the
Mediterranean for over six thousand years ago. The power of wind and water were
the source of energy used in mills and for many centuries natural forces, such as wind
and water have been the main source of providing energy for transportation and

production. These energy sources are still predominant in many parts of the less

industrialised world.

It was the industrial revolution, which had crucial impact on changes in energy use
and introduced the increase in dependence on fossil fuels. After the steam engine was
invented, which was burning coal and coke fuels; water mills, which were running
water as the power source, were replaced. Throughout the revolution coal and iron
ores were plentiful and therefore, crude techniques and inefficient energy use were
engaged in industrial processes, despite adverse environmental effects, which were
not fully appreciated. Towards the end of the nineteenth and early twentieth century,
the electricity and the internal combustion engine, oil and gas as additional fuels were
developed. Energy was supplied directly from combustion of oil or gas in engines or

from electricity generated from burning coal, oil and gas or from hydroelectric plant
(Boyles, 1996).
The widespread distribution networks of electricity began in countries in the mid-

twentieth century and progressed rapidly to the point that it was almost available

universally. Industrial culture became entirely dependent on fossil fuel with the
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opening of major oil fields in the Middle East and North Africa. After the Second
World War, nuclear sources of electricity were introduced as an additional energy
source and fossil fuels were still seen as inexpensive and plentiful. The use of these
fuels was mostly inefficient whilst their environmental effects were still largely
ignored. In the twentieth century, manufacturing has continued to increase, but is no
longer the largest sector of the economy. Services, particularly communications and
information processing, have become dominant activities, accompanied by

developments in support technologies.

Since the late 1960°s there has been a growing recognition of the environmental
impact of industrial societies, and especially of the burning of fossil fuels. With the
oil crises in 1970’s, there has been a significant growth in new techniques for making
more efficient use of energy and providing energy from renewable sources. Major
reductions in fuel use are now seen as technically possible, simply through care and
attention to the energy aspects of the design of buildings, equipment and industrial
processes, and many other methods. The understanding of energy efficiency was only

beginning to be applied in 1990’s; however, economic constraints have been a major

difficulty.

Interest in renewable energy has been growing steadily over the past twenty-five
years and today only few observers would perceive a future without renewables
contributing to world energy demand. Yet again, recent studies indicate that
renewable energy will make a substantial contribution to global energy supplies in the
longer term. Increased concerns about the environment, particularly the impacts of
conventional energy systems on global warming has revitalised interest in renewable
energy technologies, which has little or no net emissions of polluting gases and is
widely seen as part of the solution. Furthermore, interest in non-conventional energy
sources, new and renewable energy, also arises from the recognition that the
commercial forms of energy in popular use today such as liquid and gaseous

hydrocarbons and solid forms of fossil fuels-represent limited and eventually

exhaustible resources of energy (Boyle, 1996).
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1.3.2 Energy Consumption

Modermn societies, particularly industrial societies, are now largely dependent upon
the use of large quantities of energy from fossil fuels. In 1992, the estimated total
world consumption of primary energy (in all forms) was approximately 400EJ per
year, equivalent to some 9500 million tonnes of oil equivalent (mtoe) per year.
Assuming, a world population of about 5300 million, this gives an annual average
world-fuel-use equivalent to about 1.8 tonnes of oil per person per year. This is

equivalent to about 470 imperial gallons of 0il per person per year (Boyle, 1996).

The magnitude of the energy problem that may face future generations can be
illustrated by the following calculation: the world’s population stood at approximately
5 billion people, in 1990. The best UN estimates population trend show it continuing
to increase to around 8 billion by 2025, but stabilising towards the end of the next
century at somewhere between 10 and 12 billion people. Most of that increase will be
in the less developed countries (LDCs). Fuels are used at an average rate in the

developed countries, which is more than six times that in the LDCs (see table 1.1).

Table 1.1: Increase in Energy Use expected as a result of Population Increases. (Boyle 1996)

Year Population Total Energy Use Energy Use Per Person
(Billion) (EJ)y) (TW)* (GJYy) (KW)
1990 (dev) 1.2 284 9.0 237 7.5
1990 (1dc) 4.1 142 4.5 35 1.1
1990 (world) 5.3 426 13.5 80 2.5
2025 (dev) 1.4 167 5.3 120 3.8
2025 (1dc) 6.8 473 15.0 69 22
2025 (world) 8.2 640 20.3 78 2.5

Note: *: Equivalent Continuous Power, dev: Developed Countries, Idc: Less Developed Countries

It can be seen that the developed countries use nearly twice as much fuel as the
LDCs, despite the fact that they have less than a third of their population. Given the

expected population increase, there is still a rise of 50% in the overall level of global

energy use.

16




Chapter 1

Energy and the Environment

A breakdown of world primary energy consumption by source in 1992 is shown on

table 1.2: Oil is the dominant fuel, contributing some 32%, followed by coal at 23%.

Coal was once the dominant world fuel, but is now losing ground rapidly to oil and

gas, which has a 19% share. Hydroelectricity and nuclear are much less used, at

around 6% each, with biomass at about 14% (DTI, 1995).

Table 1.2: Estimated Annual Energy Consumption, 1992. (Boyle 1996)

14%

Gas
19%

Coal
23%

Oil Coal Gas Biomass Hydro Nuclear
32% 23% 19% 14% 6% 6%
Hydro Nuclear oil
Biomass 6% 6% 32%

1.4 Energy Use in the UK

1.4.1 Background

The UK has substantial energy resources, including large reserves of coal, oil and

gas, which make it self-sufficient. Figure 1.3 below, shows UK energy production and

consumption between 1960 and 1992.

Figure 1.3: UK Energy Production and Consumption, 1960-1992. (DTI 1993)

250r

3

E 200

% 150

3

§ 100 production net imports

§ =4 Dnel exports

é 0 1 | | | | 1

1960 65 70 75 80 85 90 1992
year

17



Chapter 1 Energy and the Environment

Gas and oil are known as primary sources and all made major contributions to UK
energy consumption in 1992, as shown in figure 1.4. Additionally, electricity from
hydro and nuclear plants is known as primary electricity sources, while electricity
generated by burning primary fuels is known as secondary electricity sources (Boyle,

1996).

Figure 1.4: Production and Consumption of Primary Fuels in the UK in 1992. (DTI 1993)
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1.4.2 Potential Renewable Energy Use

To understand the importance of renewable energy use and the problem of present
use of fuels, it is best to look at the energy that is currently used in industrial

societies. If the UK energy use was to be divided into sectors, the following four main

sectors can be identified:
e Transport Sector
e Domestic Sector

e (Commercial and Institutional Sector

e Industrial Sector
18
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Energy in UK transport sector is dominated by road transport and this accounts for
about 80% of energy used in this sector, which again is mainly consumed by private
cars. The main reason for using fossil fuels, particularly oil for transport purposes is

that they are inexpensive. easily stored in vehicles, widely available and has high

energy density.

The main energy use in domestic sector is for space heating, water heating,
cooking, lighting and electrical appliances. Most of the energy used, around 85%, is
for low-grade heat, which is at a temperature below about 80°C, for space and water
heating. This is generally provided directly by high-grade sources, by burning fuels
directly, or much less efficiently, by electricity from thermal power plants. There are
now so many examples of housing with low heating requirements that the heat given
off cooking, lights, appliances and the body heat of the occupants is sufficient to
supply virtually all their space heating needs. This is again why energy efficiency

housing is particularly important, as we are facing global warming and other

environmental problems in our environment.

The commercial and institutional sector energy use is quite similar to the domestic
sector, which is currently dominated by space heating, followed by lighting, electrical
appliances and equipment, air conditioning, water heating and cooking. Then again,

the energy use in this sector differentiates from building to building.

The industrial sector varies both within and between countries. Generally the
largest category of end use energy is process heat, often at high temperatures, as in
the iron and steel or chemical industries. In this sector the principle approaches to
improved efficiency start with shifts from more to less energy intensive industries;
more efficient motors, drives and controls; more careful use of energy-intensive
materials such as aluminium; shortened process routes, which replace a larger number
of energy consumption stages by a direct pathway to the end product; yield
improvements on given process routes; technical changes to raise process

efficiencies; and greater use of integrated energy technologies such as CHP and heat

recovery schemes (Boyle, 1996).
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1.5 Environmental Problems

The main environmental problems currently loom in the public consciousness are

briefly described below:

1.5.1 Acid Rain

This is another side effect of burning fossil fuels. Acid rain is a term, which is used
to describe a variety of processes that might more accurately be referred to as acidic
deposition. Natural rainfall is slightly acidic due to dissolved carbon dioxide, picked
up in the atmosphere. Organisms and ecosystems all over the planet have adapted to
the slightly acidic nature of normal rain, and thus it poses no environmental problems.
It is an increase in the acidity of rain, caused by human activities such as the
combustion of fossil fuels, which again has turned acid rain into a problem. Highly

acidic rain can damage or destroy aquatic life, forests, crops and buildings, as well as

posing a threat to human health.

There are basically two ways of reducing acid rain:

* Emission control technologies can be attached to smokestacks at power
plants and other industries, removing the acid gases before they are emitted
into the atmosphere.

* Another alternative is to burn less high sulphur fossil fuel. Switching to
alternative sources of energy, or improving the efficiency of our energy

consuming technologies can accomplish this.

Ultimately, the most effective methods of reducing acid rain are renewable energy
and energy efficiency. Renewable energy technologies such as solar and wind energy
can produce electricity without any emissions of sulphur dioxide or nitrous oxides
and additionally both have the added benefit that also result in reduced emissions of

carbon dioxide, the greenhouse gas most responsible for global warming (Houghton,

et, al., 1992).
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1.5.2 Oil Pollution

Power stations and oil refineries can cause significant visual intrusions and
produce significant smells and other effluent locally. Although the transportation of
oil is generally a safe industry, the scale of it and the size of the tankers; means that
when accidents do occur, they have a large net effect on the environment. For
example, in 1989 in Alaska, USA, about 40 million litres of crude oil spilled into the
ocean from the supertanker ‘Exxon Valdez’, which caused massive environmental

damage (clean up cost over US$2 billion) (http://www.uneptie.org).

1.5.3 Environmental Sustainability and Climate Change

The continual man-made emissions of ‘Greenhouse Gases’ are resulting in global
atmospheric warming, local climate changes and sea-level rise with the prospect of
consequent serious environmental, social and economic impacts. The most
comprehensive scientific assessment of climate change was conducted by Working
Group I of the Inter-Governmental Panel on Climate Change, which is organized
jointly by the World Meteorological Organization (WMO) and the United Nations

Environment Programme (UNEP). For more information on Global Warming and the

Climate Change, see section 1.2.

1.6 Renewable Energy

Renewable energy is the term used to cover the energy flow, which occurs
repeatedly in the environment and can be harmessed for human benefit. International
Energy Agency statistics forecast that by the middle of the 21st century, renewable
energy sources could account for three-fifths of the market for fuels used directly and
two-fifths of the market for fuels used directly, (see table 1.3). It is widely accepted

within the international scientific community.

Table 1.3: Direct Fuel-Use for the Renewable-Intensive

Global Energy Scenario. (Johansson 1997)

1985 2025 2050
Coal 34.85 41.82 23.64
Oil 51.81 30.91 17.28
Gas 38.18 32.73 29.09
Biomass 0 43.64 56.36
PV/Wind 0 38.18 61.82
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Making a transition to a ‘renewable-intensive’ energy economy would provide
environmental and other benefits not measured in standard economic accounts.
Recent studies indicate that by 2025 global carbon dioxide emissions would be
reduced to 75% of their 1985 levels, provided energy efficiency and renewables are
both pursued aggressively (see table 1.4). Renewable energy is expected to be
competitive with conventional energy; such benefits could be achieved at no
additional cost (Johansson, 1997).

Table 1.4: World per capita Emissions of CO, for Renewable-Intensive

Global Energy Scenario. (Johansson 1997)

1985 2025 2050
Coal 4.16 2.94 1.62
Oil 6.02 2.06 1.03
Gas 2.06 1.03 1.18
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The United Nations Conference on Environment and Development (UNCED) held
in Rio de Janeiro, in June 1992, addressed the challenges of achieving worldwide
sustainable development. The goal of sustainable development cannot be realised
without major changes in the world’s energy system. Accordingly, ‘Agenda 21°,

which was adopted by UNCED, called for ‘new policies or programs, as appropriate,
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to increase the contribution of environmentally safe and sound and cost-cffective
energy systems, particularly new and renewable once. through less polluting and

more efficient energy production, transmission, distribution and use”.

1.7 Passive Solar Energy

Many different techniques can be used to convert sunlight into useful forms of
energy. Active and passive solar energy technologies are generally used for space
conditioning (heating and cooling), while solar electric technologies such as
photovoltaic cells convert sunlight into electricity. Although the distinction between
active and passive solar is blurred, the use of integral building components to capture
the sun’s energy is considered passive solar. Active solar technologies are generally
add-on features, which utilise mechanical means to distribute captured solar energy.
An example of active solar energy is a solar hot water heater, while passive solar
features may be as simple as south facing windows. Passive solar features can be used
to heat and cool buildings, as well as provide light. The best time to incorporate
passive solar technologies into a building is during the initial design. These features
can often be included in new buildings without significantly adding to construction
costs, while providing energy savings of up to 40%. Designing buildings to capture
the ambient energy of the sun through passive solar features is one of the least

expensive and most environmentally friendly methods of providing for our energy

needs (Jefferson, et al., 1991).

Each year, an enormous amount of solar energy reaches the earth’s atmosphere.
Much of this is reflected back into space by clouds before it reaches the planet’s
surface. 99% of the sunlight that does reach the ground is converted into heat (the
other 1% is captured by plants through photosynthesis) and radiated back into space.
If only a small fraction of this energy could be captured, the world’s energy demands
could be met (EMRC, 1990). The capture of solar energy by passive solar
technologies has almost no negative impact on the environment. Passive solar energy
gives off no air or water emissions and therefore does not contribute to any of the
environmental problems such as acid rain and global warming. The sun is an infinite
and free source of energy, which is ‘renewable” and will never become depleted like

fossil fuels. There is nothing new about using the sun’s energy to heat our living
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spaces; humankind has used passive solar techniques for thousands of years. In many
countries, inexpensive and plentiful fossil fuels have led to the abandonment of
passive solar energy. Rediscovering passive solar energy and incorporating

technological advances can go a long way towards creating a more sustainable energy

future.

Direct solar gain, increased thermal mass and attached sunspaces are the most
common features of passive solar heating. Direct solar gain, the main source of
passive solar heat, is accomplished by capturing the sun’s energy through large areas
of south facing windows. Window glass is virtually transparent to incoming solar
radiation. When sunlight strikes the interior of a building, it is converted into heat,
which is not as readily transmitted back through the glass, thus resulting in a heat
gain inside the house. Window glass, however, is generally not a good insulator, and
increased solar heat gain during the day can be offset by loss of heat through
windows at night. New high efficiency, triple glazed windows with special coatings
have recently been developed that have such a high insulation value that they are net

producers of heat even when facing north in the winter (Howes and Fainberg, 1991).

Solar cooling on the other hand may sound impractical but there are a variety of
ways in which the sun’s energy, although indirectly, can be used to cool the interior of
buildings. The two most common methods of passive solar cooling are the use of
vegetation (trees and vines) and natural ventilation (wind). An example of painting

buildings a light colour to reflect sunlight and keep them cool is also often considered

to be a passive solar construction technique.

Daylighting is the use of sunlight to replace electric lighting in a building. There is
no such technology at the current time capable of storing sunlight for release at a later
time. Daylighting is therefore most valuable in applications such as office buildings
where most of the lighting demand occurs during the day. Windows provide light for
the perimeter of buildings while atria, light-shelves and light-pipes, can transmit
daylight into the interior of buildings. In combination with electronic ‘photo-sensor’
controls, which adjust electric lights according to light levels, daylighting features can
drastically reduce the amount of electricity required to light a building. The use of
daylighting has often been seen as contradictory to the need for keeping a building
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cool in the summer. Sunshine streaming through a window provides daylight, but is
also a source of heat. While this heat is valuable in the winter, it can make buildings
unbearably hot in the summer. An example of new window technologies such as
films, which let in light but not heat, and ‘smart windows’ whose transparency can be

adjusted by an electric current, have helped to reconcile the need for both light, and

heat in buildings.

Passive solar energy has the potential to supply a large proportion of energy needs
for a properly designed building such as house. The best opportunity for using passive
solar features is in new construction. Before the proliferation of fossil fuels, architects
usually designed buildings to utilise available solar energy for heating, cooling and
lighting. Recent advances in technology and building materials have greatly expanded
the available tools for architects to work with. Passive solar energy, while often seen

as ‘low-technology’, represents in many cases, the cleanest and least expensive

possible source of useful energy for buildings (ICLEI, 1993).

1.8 Agenda on Climate Change
1.8.1 The International Framework on Climate Change

In response to increasing concerns about climate change, the United Nations
Framework Convention on Climate Change was agreed at the Earth Summit in Rio de
Janeiro in 1992. Under the Convention, all developed countries agreed to aim to

return their greenhouse gas emissions to 1990 levels by 2000.

It was then quickly recognised that the Convention commitments could only be a
first step in the international response to climate change. Climate prediction models
showed that deeper cuts in emissions would be needed to prevent serious interference
with the climate. The Kyoto Protocol was designed to address this issue and was
agreed in December 1997. Accordingly, developed countries agreed to targets, which
will reduce their overall emissions of a basket of six greenhouse gases (carbon
dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulphur
hexafluoride) by 5.2% below 1990 levels over the period 2008 - 2012. This was the

first time these targets would be legally binding and differentiated between Parties to

the Convention.
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Under the Kyoto Protocol; the European Union (EU) agreed to an 8% cut in
greenhouse gas emissions and under a burden sharing agreement amongst its member
states, the United States (US) agreed to a 7% cut, Japan agreed to a 6%, Russia and

the Ukraine to return to 1990 levels, and Australia was allowed an 8% increase.

1.8.2 The UK’s Climate Change Programme

Following the Kyoto Protocol, the UK agreed to a 12.5% cut in greenhouse gas
emissions below 1990 levels by 2008 - 2012. The Government and the devolved
administrations also have a domestic goal to reduce the UK’s emissions of carbon
dioxide, the main greenhouse gas, by 20% below 1990 levels by 2010. The UK will
continue to be committed to working at international level to encourage global
responsibility and action, not only in relation to climate change, but also more widely

in terms of the environmental impact of energy generation and use.

In November 2000, the government with the devolved administrations published
the UK Climate Change Programme aimed at meeting the UK’s Kyoto target and
moving towards its domestic goal. The programme sets out a far-reaching strategy for
tackling climate change in the UK. It aims to ensure that the UK moves towards a
more sustainable, low carbon economy. It puts in place policies that indicate clear
signals about the changes that need to be made in the longer term and outlines a

variety of measures that will deliver cut in emissions from all sectors of the economy

for the remainder of this decade and beyond.

The UK’s programme is a significant contribution to the global response to climate
change and the government estimates the package of measures included in the
programme could cut the UK’s greenhouse gas emissions to 23% below 1990 levels
in 2010, or 19% in carbon dioxide alone. The government also believes that there will
be clear benefits for the UK by moving beyond its Kyoto target towards its domestic
goal. Consultation on the programme has revealed that many businesses agree that
taking early action and starting the transition to a low carbon economy will bring
financial and economic gains. The programme includes a flexible, cost effective set of
policies and measures that will help to achieve these objectives, safeguard the UK’s

competitiveness and also deliver wider benefits for the environment and society

(DETR, 2000).
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On the other hand, the Utilities Act 2000 has contributed to the government’s
environmental objectives in a number of ways. It has introduced a power to place an
obligation on companies to increase the proportion of electricity generated from
renewable sources. It has transferred from the Office of Gas and Electricity Markets
(OFGEM) to the government the power to set energy saving targets by encouraging
consumers to take up energy efficiency improvements. It has also set the framework
for the govemnment to issue guidance to the Regulatory Authority on its
environmental and social policies to which the Authority must have regard in making

its decisions (DEFRA, 2000).

1.9 Conclusion

Today, global warming is one of the most serious environmental problems the
world faces. Floods, storms and droughts in the UK and across the world show
clearly how vulnerable the countries are to climate extremes and how high the human,
environmental and economic costs can be. As most of the scientists believe today, the
climate change is now inevitable, but the worst effects can be avoided if the world
acts now to reduce greenhouse gas emissions. Although it is now generally
understood that the extreme weather patterns are probably due to global warming
caused by increased carbon dioxide emissions to the atmosphere, there is no real
consensus on how to tackle the problem and reduce emissions. With the media
attention to environmental concerns, people are becoming increasingly conscious of
the fact that their lifestyle is affecting the earth’s very natural resources and
environment. This approach also creates a considerable challenge for the energy
policy and should be based on integrated economic, environmental and social policies

to ensure that energy resources and use of these resources are sustainable now and for

generations to come.

This chapter has looked at energy use and the environment on the whole and
environmental concerns rose due to global warming and carbon dioxide emissions.
The recent IPCC report has stated that to stabilise the concentrations of CO,
emissions in the atmosphere at the necessary level, a reduction in emissions due to
human activity in the order of over 60% will be required. Accordingly, buildings have

been identified as a major source of carbon dioxide emissions and therefore a major
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contributor to global warming. In the UK, energy consumed by the building stock
approaches 50% of the total while transport is responsible for 28% and predicted to
rise significantly. Domestic energy use represents a large proportion of total national
energy use and has risen from 25% of the total in 1970 to 30% in 2001. Clearly,
housing energy consumption is a major contributor to global warming and has

become one of the key elements of improving energy efficiency and reducing CO,

emission in the country.
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2 Housing Typology in the UK

2.1 Background

The development of UK housing history began shortly before the Conquest during
Norman occupation. First dwellings were showing Norman influence. This continued
with Roman and Saxon times. Roman occupation of Britain had little permanent
effect on native architecture. Today, in the UK, most of the existing housing stock
background goes back to early 1850s. Many domestic buildings were designed during
the remainder of the nineteenth century. The early eighteenth century was the time of

rapid social change and the British population was growing at a furious pace through

the nineteenth century.

2.2 Housing Typology
UK housing can be categorized under four main house types, which are listed
below:
1. Purpose-Built Flats
* Purpose-Built High-Rise Flat
»  Purpose-Built Low-Rise Flat
= Converted Flat
2. Bungalows
3. Detached Houses
s Detached House
s Semi-Detached House
4. Terraced Houses
» Large Terrace House
»  Medium Terrace House

s Small Terrace House
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2.2.1 Purpose-Built Flat

A flat in a built block that includes cases where there is only one flat with
independent access in a building which is also used for non-domestic purposes. A
built flat, which is in a block at least 6 stories high is a High-Rise Flat (see figure 2.1)

and in a block less than 6 stories high is a Low-Rise Flat (see figure 2.2).

A flat resulting from the conversion of a house (generally other house types) or
former non-residential building which includes buildings converted into a flat as well

as commercial premises (typically corner shops) is a Converted Flat (see figure 2.3).

Figure 2.1: High-Rise Flats. (DOE 1996)

1914 - 1944 34 1064 106

Figure 2.3: Converted Flats. (DOE 1996)

191G - 1944 134¢ 1964

2.2.2 Bungalow

It is a house with all of the habitable accommodation on one floor. Excludes chalet
bungalows and bungalows with habitable loft conversions, which are treated as

houses. The name stems from the Indian word “bangla™ or “of Bengal™ and it was a

relatively common house type in India.

Bungalows were particularly popular in Scotland. Partly this may have been

smaller and Scottish house sizes have traditionally been smaller than those in
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England, Wales and Northern Ireland (Department of the Environment. 1996).

Basically, it can be seen as a flat with a garden.

Figure 2.4: Bungalows. (DOE 1996)

) - 1944 18945 - 1964 106 1GR

2.2.3 Detached House

It is a house where none of the habitable structure is joined to another building
other than garages, etc (see figure 2.5). There is a type of detached house, Semi-

Detached House, which is attached to one other house (see figure 2.6).

Figure 2.5: Detached Houses. (DOE 1996)

i

2.2.4 Terraced House

It is a house forming part of a block where at least one house is attached to two or
more other houses. In the UK, especially at the beginning of the nineteenth century,
terrace houses were the most common middle class urban house type. There are Small
Terraced Houses, which are relatively small size compare to the large ones (see figure

2.7) and Medium/Large Terraced Houses, which are with fairly large size compare to

the small ones (see figure 2.8).

w
w
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Figure 2.7: Small Terraced Houses. (DOE 1996)

Today, in the UK as well as in the world, the development of a more sustainable,
ecological built environment is one of the major challenges for architects. Sustainable
buildings are increasing and becoming more important every day. Therefore, energy
efficient housing should also be included under the main housing typology in view of
the fact that it has become a significant part of future housing scheme in the UK (see

following section 2.2.5 for more information about energy efficient house design).

2.2.5 Energy Efficient House Design

It is the recent house design scheme that has the environmental concerns added to
the design and also has major impact on world’s approach to energy efficiency. An
energy efficient house has many benefits for its habitants:

* The house is warmer in winter in general.

* The house has affordable fuel bills even for families on low incomes.

* The house minimises condensation possibility due to reduced heat loss via
high insulation and better ventilation.

* The house is healthy, designed to have a long life and lower maintenance
COSts.

* The house reduces environmental pollution (e.g. carbon dioxide emissions)

and this way has less impact on environment.
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Figure 2.9: An Example of Energy Efficient House Design, ‘The Integer House’,

which was developed at BRE Garston in 1998, (http://www.bre.co.uk 2001)
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2.3 Existing Housing and the Profile of the Stock

According to the National Statistics and Regional Trends carried out in years 1991

and 1994, there were 24,248,000 total existing number of dwellings in the UK (Office

for National Statistics, Regional Trends, 1996). The number of dwellings with

reference to each individually country — in England: 20,219,000, in Wales: 1,219,000,

in Northern Ireland: 600,000, and in Scotland: 2.210,000.

Table 2.1: Total Housing Stock in the UK, 1981 - 1994,

(Office for National Statistics, Regional Trends 1996)

Rates
Increase
Country 1981 1986 1991 1992 1993 1994 1981-1994 Per I.OQO
(000,s) | (000,s) | (000,s) | (000,s) | (000,s) | (000,s) Population
(%)

1994
England 18,025 | 18,883 | 19,788 | 19,927 | 20,070 | 20,219 12.2 425
Wales 1,089 1,128 1,191 1,201 1,210 1,219 11.9 418
Nartiem 502 | s40 | 573 580 | 590 | 600 19.5 366
Ireland
Scotland 1,970 2,050 2,160 2,175 2,193 2,210 12.2 431

Furthermore, in
(Department of the Environment, 1998). The stock has increased by 649,000

England, there were some 20.4 million dwellings in 1996

dwellings since 1991, some 696,000 dwellings have been added and some 130,000

have been lost. Of those dwellings added, 19,000 were through conversion and/or

changes of use from non-residential to residential accommodation. The remaining
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dwellings were new built and almost all the new built has been for owner occupation

or for register social landlords.

The housing typology profile varies within the UK. Figures 2.10 and 2.11 below

illustrate the composition of the housing stock within the UK by type and age:

Figure 2.10: UK Housing Stock by Type, 1991/1993. (DOE 1996)
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Scotland Housing
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As it can be seen above, there are significant differences in the profile of houses by
type in the UK. Both in England and Wales, semi-detached and terraced houses are
the most common types of dwelling. In England, semi-detached and terraced houses
are each accounting for 30% of the stock. In Wales, terraced houses are accounting
for 34% and semi-detached houses are accounting for 32% of the stock. In Scotland,
the stock profile is substantially different compare to England and Wales. Only 60%
of dwellings are houses. Semi-detached houses are the most common type and
accounting for 23% of all the dwellings. In Northern Ireland dwelling stock is more
similar to that in England and Wales, with relatively few flats (8%, of which the
majority are purpose-built). Terraced dwellings are the most common (37%),

followed by detached houses (31%) and semi-detached houses (24%) (Leather and

Morrison, 1997).
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Figure 2.11: UK Housing Stock by Age, 1991/1993. (DOE 1996)
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Scotland Housing
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Then again, if we look at the profile of houses by age, we could easily see that,
there are considerable differences in dwelling stock. Both in England and Wales
almost half of the housing stock was built before 1944 with 26% and 33%
respectively built before 1919. 34% of the dwellings stock in England was built after
1965 and in addition, in Wales, recently built houses are accounting for 33% of all the
dwellings. Scotland’s housing stock is slightly newer on average, however in

Northern Ireland the stock is much more recent, with only 32% built before 1944

(Leather and Morrison, 1997).
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The recent statistics of the housing stock in England by dwelling type is also given

below:

Table 2.2: UK Housing Stock — Dwelling Type by Region, 1996. (DOE 1998)
Governme{n Terraced | Semi-Detached | Detached | Purpose-Built Flat |Converted Flat
Office Region
North East 36 38 12 13 2
Yorkshire and =
s Eiider 30 40 15 11 3
North West 37 33 17 11 2
East Midlands 25 35 31 8 2
West Midlands 29 34 21 13 3
South West 28 27 29 11 4
East of England 28 29 27 12 3
South East 28 26 28 11 6
London 32 16 5 37 11
England

.5 9.8 20.5 14.9 4.3
(dwellings %) | 30 .
Figure 2.12: England Dwelling Types, 1996. (DOE 1996)
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2.4 Conclusion

When focused on English housing stock, the highest profiles of houses by type are

terraced and semi-detached houses accounting for 30% of all the dwellings. In

addition, 45% of housing stock was built after 1944, which can also be seen as almost

the half of all the dwellings is relatively recent (DOE, 1998). The table below is

showing the relationship between dwelling age, tenure, type and energy rating (SAP):

Table 2.3: England Dwelling Types, 1996. (DOE 1998)

Dwelling Age Tenure Type Energy Rating (SAP)

00 | LA/HA | PR Mean | Min | Max ;;;’
Post 1980 00 Terraced 56 21 72 0
Post 1980 00 Semi-detached 46 18 63 2
Post 1980 LA /HA Terraced 47 16 88 0
Post 1980 LA /HA Semi-detached 47 16 88 0
1965-80 00 Terraced 47 -13 70 T
1965-80 00 Semi-detached 46 -20 68 1
1965-80 LA /HA Terraced 43 -3 69 1
1965-80 LA/ HA Semi-detached 32 -14 62 7
Pre 1965 00 Terraced 36 23 71 5
Pre 1965 LA/ HA Semi-detached 28 -36 60 11
Pre 1965 LA/HA Terraced 33 -19 65 8
Pre 1965 PR Terraced 24 -19 56 18
Pre 1965 PR | Semi-detached 13 -38 47 40
1850-1964 00 Semi-detached 33 27 69 5
Post 1964 PR Terraced 31 3 54 12
Post 1964 PR | Semi-detached 31 3 54 12

Note: The minimum and maximum values in th

covered, on average, by over 99% of dwel
Categories listed and shaded are
Owner Occupied: OO, Local Authority / Housing Asso

e EHCS sample represent statically the range
lings in the national stock of each type.

below average SAP rating (35).
ciation: LA / HA, Private Rented: PR
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As the table 2.3 shows, there is a variation in the overall energy efficiency (SAP
ratings) between terraced and semi-detached houses in 1991. In general, the age of
these dwelling types is the dominant influence together with tenure playing an
important but secondary role. Moreover, the table is not only showing the mean SAP
rating for terraced and semi-detached houses, but also showing the distribution from
the worst to the best by age and tenure. The final column gives the percentage of
dwellings in each group which have SAP ratings less than 10 and thereby fall within

the worst of the existing stock.

Therefore, in order to understand the frequency distribution of SAP ratings by
dwelling age and tenure, see table 2.4 below:

Table 2.4: Comparison between Terraced and Semi-Detached

Housing in England, 1996. (Generated 2000)

Terraced Housing Semi-Detached Housing
Dwelling Age Tenure M;:l:ils‘;\P Dwelling Age Tenure Ml:;l:ifgp
Post 1980 00 56 Post 1980 00 46
Post 1980 LA /HA 47 Post 1980 LA /HA 47
1965-80 00 47 1965-80 00 46
1965-80 LA/ HA 43 1965-80 LA /HA 32
Pre 1965 00 36 1850-1964 00 33
Pre 1965 LA/ HA 33 Pre 1965 LA /HA 28
Pre 1965 PR 24 Pre 1965 PR 13
Post 1964 PR 31 Post 1964 PR 31
Note: Categories listed and shaded are below average SAP rating (35).
Owner Occupied: OO, Local Authority / Housing Association: LA / HA, Private Rented: PR
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Figure 2.13: Frequency distribution of SAP Ratings by Age and Tenure
of two main House Types in England, 1996. (Generated 2000)
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To conclude, it could be said that for all tenures on both housing types, the
dwelling age and form are the important factors (see figure 2.13). These factors also
determine the heat loss through the building envelope. As the English House
Condition Survey (EHCS) explains, in England, many older buildings have been
upgraded by the addition of roof and wall insulation (DOE, 1998). Besides, since

1964, building regulations also require progressively higher insulation standards for

all new housing.

Overall, the age of the dwelling is the dominant influence together with tenure
playing an important but secondary role (see both table 2.3 and figure 2.13). Both the
table and figure show how the dwelling groups fall neatly into three blocks
corresponding to the age bands ‘post 1980°, *1965-1980" and ‘pre 1965°. There are
only four exceptions to this rule, which can be explained by owner occupied
properties rising into a higher SAP rating block or dwellings from the rented sectors
slipping into a lower SAP rating block. Also within each block there is a fairly clear
pattern of owner occupied properties being slightly more efficient than those owned
by local authorities or housing associations, with private rented dwellings coming a
poor third. Moreover. SAP ratings frequency distributed on figure 2.13 shows that

terraced houses are being superior to semi-detached houses.
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Furthermore, to summarise, there are 21.1 million dwellings in England with an
increase of 800 thousand since 1996 and most additions were provided by new-build
(averaging around 150 thousand each year) although the level of new construction
continued a longer term trend of decline and was less than half the post-1945 high of
the mid- to late-1960s. Consequently, there has been little change in the composition
of the stock and it remains relatively old with 8.1 million dwellings (39%) built

before 1945, including 4.4 million dwellings (21% of all) built before 1919 (ODPM.
2003).

This again is the recognition that the existing housing profile is in poor conditions
and has a large impact on the environment given that it occupies the majority of the
building stock in the country. It is therefore a serious concern and that more and more
housing is causing the increase of carbon dioxide emission and falling behind

building required standards, which should make the actual point.

This chapter has reviewed the housing typology in the UK and looked at the
conditions of the existing housing stock to determine the influences which will affect
building designers when tackling issues concerning energy efficiency improvements
and carbon dioxide emissions in these dwellings. In addition, undertaken
improvements within the last decade, and how poor the conditions were across
different types of dwellings, households and areas have also been summarised. There
is more and more revised data being published every five years by the Office of the

Deputy Prime Minister (ODPM) on housing conditions and undertaken

improvements.
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3 Energy and Environmental Assessment Methods for

Buildings in the UK

3.1 Background

As a global matter, environmental issues and good building design have also been
increasingly important in the UK for the last twenty years. Therefore, in order to
accomplish good building design that could contribute considerably to reducing
pollution and improving the built environment, building energy and environmental
assessment methods have been developed. These assessment methods for buildings
identify criteria for a range of issues also concerning the global, national and indoor

environments. Furthermore, using these methods can help to achieve the following:

* To provide recognition for buildings, which are friendlier to the global
environment than normal practice and therefore, help to simulate a market for
them.

* To improve the indoor environment quality and occupants’ health.

» To raise awareness of the dominant role which buildings play in global
warming through the greenhouse effect; in production of acid rain, through the
burning of fossil fuels for energy; and in depletion of the ozone layer.

* To reduce today’s long-term impact that buildings have on the global
environment.

* To reduce energy consumption, thus CO, emissions caused by buildings, and
encourage savings of energy.

* To provide a common set of targets and standards and accordingly avoid the
false claims of environmental friendliness.

* To encourage designers to achieve environmentally eco-sensitive and low

energy building designs.
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3.2 Existing Energy and Environmental Assessment Methods

In the UK, there are nine main methods that have been developed since early
1980s. Some of these methods are relatively in use today and have also been added to

the building regulations to improve the building energy usage and increase the

efficiency in the country.

The main building energy and environmental assessment methods including
simulation tools, which have been developed since 1980’s are listed below:

1. BREDEM

2. SAP

3. Environmental Standard - BREEAM

4. NHER

5. MNV STARPOINT

6. ENVEST

7. The Toolkit — The Office Toolkit

8. APACHE
9. TAS
3.2.1 BREDEM

The Building Research Establishment Domestic Energy Model provides a
framework for calculation of energy use in buildings. It is an energy model developed
in 1980s by the Building Research Establishment and adopted by the Energy
Efficiency Office of the Department of Energy and the Department of the
Environment to estimate energy costs and potential savings in housing. This model
assesses the energy use in occupied dwellings and shows that the physical

characteristics of a dwelling and the lifestyles of the occupants are about equally

important in determining energy consumption.

Building Research Establishment Domestic Energy Model exists in a number of

standardised versions, which differs in technical detail and in the precise requirements
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for data related to particular application. Some versions are designed to be
implemented as computer programs while others are defined in such a way that do not
require the use of a computer. The latest version is a particular development which is
suitable for calculating SAP ratings in both new and existing dwellings, which can

also be separated as one of main energy and environmental assessment methods in the

list given above.

BREDEM is designed to be easy to use to provide reliable results and as well as

based on practical experience gained through measurements made in many occupied

buildings.
The main aims of this scheme are:
= To identify the various uses of energy in dwellings.
»  To estimate the annual requirement for each use.

When space-heating requirements are calculated, all the physical details of the
dwelling, the heating system, internal and external temperatures and the living pattern
of its occupants are all taken in to account. Other energy uses are estimated from
average consumptions derived from surveys, which are also appropriate (o the
composition and activities of household.

Figure 3.1: Various Uses of Energy in Dwellings. (BRE 1988)
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Figure 3.2: Comparison of Predicted and Actual Fuel Consumptions

in Different House Types. (BRE 1988)
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Figure 3.3: Example House; Before and After Refurbishment. (BRE 1988)

3.2.2 SAP

Standard Assessment Procedure is the Government’s standard system for home
energy rating, which was published in 1993. The latest edition is SAP 2001, published
in December 2001 and operational in the UK. The SAP used to calculate the rating
based on the BRE Domestic Energy Model (BREDEM), which provides a framework
for the calculation of energy use in dwellings. The first edition (1993) was included as
one means to satisfy the Building Regulations Part L. Domestic Buildings since July
1995. The latest edition (2001), on the other hand, calculates the Carbon Index (CI)
which can also demonstrate compliance with Approved Document L1 (England and
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Wales) and Technical Part J (Scotland). Standard Assessment Procedure provides a
manual guide for energy rating of dwellings and to energy efficiency in buildings.
This manual guide describes the Government’s SAP for producing an energy rating
for a dwelling, which is based on calculated annual energy cost for space and water
heating. The rating is normalised for floor area and therefore the size of the dwelling
does not strongly affect the result, which was presented on a scale of 1 — 100: the
higher the number, the better the standard (SAP 1993). This rating has been changed
in the latest edition (SAP 2001) to a scale from 1 — 120 with an additional scale of 0.0
— 10.0 for the Carbon Index, which is based on the annual CO, emissions associated
with space and water heating. The method of calculating the rating is set out in the
form of a worksheet, accompanied by series of tables (see appendix A for more
information). Therefore, by completing the numbered boxes in the worksheet, using
the data in tables as indicated, the SAP calculations can be made. In addition, there is
a computer program approved for SAP calculations by the Building Research

Establishment that could also be applicable, such as used in this research (see chapter

5 for more details).

The rating obtained for the SAP rating depends on range of factors that contribute
to energy efficiency such as:

*  Thermal insulation of the building fabric.
* Efficiency and control of the heating system.
*  Ventilation characteristics of the dwelling.

= Solar gain features of the building.

* The price of fuel used for space and water heating.

The rating is not affected by factors that depend on the individual characteristics of

the household inhabits in the building such as:

Household size and composition.

The ownership and efficiency of particular domestic electric appliances.

Individual heating patterns and temperatures.

The geographical location of the dwelling.
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3.2.3 Environmental Standard - BREEAM

Environmental Standard, ‘Homes for a Greener World’, is the first revision of
BREEAM Version 3/91 for new homes. It uses the experience gained in opcrating
BREEAM/New Homes and replaces and reflects the increase in knowledge and
understanding of early issues since it launched in 1991. BREEAM/New Homes was
resulted from joint research between BRE and Municipal Mutual Insurance Ltd. It is
one of the series of five assessment methods developed for different type of buildings.
There are other series developed such as Version 1/93: An Environmental Assessment
for New Offices, Version 2/91: An Environmental Assessment for New Superstores
and Supermarkets, Version 4/93: An Environmental Assessment for Existing Offices,

Version 5/93: An Environmental Assessment for New Industrial Units.

BREEAM, the Building Research Establishment’s Environmental Assessment
Method, was developed by ECD Energy and Environment with the UK Building
Research Establishment and introduced in 1990. One of its most important aims is to
provide guidance on ways of minimising the adverse effect of buildings on the global
and local environments while promoting a healthy and comfortable indoor
environment for inhabitants. This assessment method, which is carried out at the
design stage, is based on readily available and generally accepted information. As it is
stated in one of ‘Building Research Establishment Reports’, the method identifies and

credits designs where specific targets are met. It is not expected that any single design

will be met all of the target requirements.

The main aims of this scheme are:

= To distinguish dwellings of reduced environmental impact in the marketplace,

» To encourage best environmental practice in building design, operation,
management and maintenance,

= To establish criteria and standards going beyond those required by law and
regulation,

= To increase awareness of owners, occupants, designers and operators of the

benefit of environmentally sensitive buildings.
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Since its launch in 1990, BREEAM has become the UK industry standard for

specifying and benchmarking the environmental performance of buildings.

3.2.4 NHER

The National Home Energy Rating is a policy tool for Authorities and Housing
Associations, which calculates the energy performance of dwellings. It is the first
scheme to receive full governmental approval for the delivery of SAP. The method is
designed in 1990 by the Building Research Establishment in the function of a
comprehensive system for evaluating the energy efficiency of housing stock. In

addition to SAP rating, it also delivers accurate running cost rating, CO> emission,

building fabric rating, and condensation analysis.

The NHER has three steps towards establishing and implementing an energy

policy:
= Step 1- 4 Stock Profile — Step 1 sets the energy performance of the stock of 0
(poor) to 10 (excellent) and is based on the total annual running cost.

Figure 3.4: Energy Performance based on a Scale of 0 (very poor)

to 10 (very efficient). (Energy Advisory Services 1994)
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Figure 3.5: Example of Dwelling’s Stock Profile generated

by the Stock Profiler Software. (Energy Advisory Services 1994)
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» Step 2- Priorities and Targets — Once an ‘“NHER Stock Profile’ is obtained,

following priorities and targets could be used:
o Identify priority estates or house types — those with the worst energy
performance will often show the best return on investment.
o Establish targets for refurbishment, e.g. an NHER of over 6.0.

o Establish overall policy goals e.g. all dwellings should have an NHER
of 4.0 or over by the year 2000.

» Step 3- Implementation — Once the goals of the energy policy are established,

the practicalities of implementing the energy policy needs to be addressed.

Figure 3.6: Example of NHER’s Home Rating with Breakdown Costs and Savings;
Before and After Refurbishment. (Energy Advisory Services 1994)
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The main aims of this scheme are:
* To aid energy efficient design of new buildings.
* To check affordable warmth targets can be met.

* To calculate accurate running costs based on actual living patterns if known.

®* To detail costs and savings of refurbishment packages.

The software delivers many useful indices and ratings including; the Government's
Standard Assessment Procedure Rating on a scale of 1-100, the National Home

Energy Rating on a scale of 1-10, the Building Energy Performance Index (BEPI), the

total CO, Emissions produced by a house.

3.2.5 MNV STARPOINT

MNYV STARPOINT, Home Energy Labelling, is an essential aid to achieving the
needs and requirements set by the Government and the Housing Corporation, which
is launched in 1990. It aims to assess existing energy efficient standards in housing,
identify priority action areas and cost-effective improvements and tests the extent to

which these improvements can raise the rating and reduce carbon dioxide emissions

and heating bills.

MNV STARPOINT is computer software and its products and consultancy
services are based on the Government’s Standard Assessment Procedure. It has becn
given to issue Home Energy Labels bearing the SAP rating, which illustrates the
energy efficiency of the house on a scale of 1 to 100. The Star grading operates with
ONE STAR being poor and FIVE STAR excellent. The unique *STARPOINT

Conversion Table’ given below illustrates how the SAP rating 1 to 100 is converted

into the ONE to FIVE star grading.
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Figure 3.7: STARPOINT Conversion Table for Dwellings’
Energy Efficiency. (MVN Starpoint Ltd 1993)
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In addition, a home energy label requires a home energy survey, which is simply

the collection of the information necessary to estimate the cost of the energy needed

to heat a house and hot water, based on a standard, national heating pattern and

typical occupancy. The energy survey normally lasts less than 30 minutes. It collects

information such as dimensions of the property, how it is constructed, insulated and

ventilated, and what type of heating system and controls are installed. A home energy

label provides an energy efficiency rating to the property not to the lighting and

appliances.

The main aims of this scheme are:

To improve home energy rating of the house.

To help reducing harmful CO; emissions in the environment.

To save household money on house’s heating bills.

To improve the comfort conditions in the house and therefore make the house

feel warmer.
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* To reduce maintenance costs.

* To add to the value of the house.

3.2.6 ENVEST

Environmental Impact Estimating Design Software is the first UK software for
estimating the lifecycle environmental impacts of a building from the carly design
stage. The first version is for office buildings and considers the environmental
impacts of materials used during construction and the energy and other resources
consumed over the building’s life. ENVEST is developed and launched in early 2000
by BRE in conjunction with DETR. This is a software tool that helps specifiers
determining the environmental impact of their construction decisions. Building
Research Establishment previously used it for internal consultancy. Data is provided
by the tool and information about the size, fabric and service options for the proposed
building are entered through input screens. By using minimal input data, ENVEST
allows designers to instantly identify those aspects of the building, which have the
greatest influence on the overall impact. All environmental impacts are measured on a
single points scale called ‘Ecopoints’ allowing the designer to compare different
designs and specifications directly. 100 Ecopoints are equivalent to the environmental
impact caused by one UK citizen in one year. It is extremely easy to use; the

simplicity of the software belies the wealth of research data on materials, impacts and

weightings that underpin its calculations.

In addition, the software has pre-selected default values set on a typical office
building specifications which can also be edited by the user. Total life cycle
environmental impact of the building in Ecopoints is also allowing designers to make
direct comparisons between different designs and specifications. These are displayed
both numerically and in graphic form. The graphs include total life cycle
environmental performance of the study building, and environmental impacts

comparison between the study building and a previously save building.
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Figure 3.8: ENVEST, Environmental Impact Estimating Design Software. (ENVEST BRE 2000)
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The key benefits for users of this software are:
»  Optimises the building form for least environmental impact.
» [nforms choice on main construction materials.
* FEnables the environmental impacts of construction and building operation to
be balanced over the life of the building.
*  Gives comparisons for different buildings and specifications.
* Graphically illustrates the environmental credentials of various design options

to clients.
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Figure 3.9: Schematic Sketch of the Method to derive the Ecopints
for a Building Design. (ENVEST BRE 2000)
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The environmental impacts of construction encompass a wide range of issues,

\.

including climate change, mineral extraction, ozone depletion and waste generation.
Assessing such different issues in combination requires subjective judgements about
their relative importance.

Figure 3.10: ENVEST, Ecopoints. (ENVEST BRE 2000)
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Moreover, ENVEST also has great potential to be used as a benchmarking tool.
UK Ecopoints are derived by adding together the score for each issue, calculated by
multiplying the normalised impact with its percentage weighting, The annual
environmental impact caused by a typical UK citizen therefore creates 100 Ecopoints.

More Ecopoints indicate higher environmental impact.

3.2.7 The Toolkit — The Office Toolkit

The Toolkit is a guide for facilities and office managers for reducing costs and
environmental impact. It examines and evaluates all the aspects of an office-based
business, which have an environmental impact. Building Research Establishment in
partnership with PA Consulting Group has prepared the Toolkit in late 1995. This tool
is not just the direct impacts of energy, water, paper usage and waste management,
but also commuting, business travel and working from home. In all, it provides a
complete environmental assessment for your business or office. The Toolkit consists
of spreadsheets, which are supplied on a 3.5-inch disk and require Microsoft Excel or
Lotus 1-2-3 software. It is designed to help the busy facilities, building or office
manager to improve environmental performances and save money. Existing users of
the Toolkit found that it takes only a few days (typically five days for a 150 person
office) to get the point where they were achieving significant results. Some large
organisations have managers responsible for a group of smaller offices such as local
sales offices and bank branches, which can easily use the Toolkit as well. Therefore it

can be said that it is also applicable to the small businessman, with one or several

offices.

The focus of the Toolkit is the office and everything that is based upon it. It
includes commuting, business travel and home working as well as the more direct
impacts of energy, water, paper usage and waste management. In addition, the Toolkit
includes the environmental impacts of a building based business such as the impacts
caused by generating the powered used. Within the office, small kitchens,

laboratories, workshops and computer rooms are also included and this can also be

applied to most warehouses and shops.

Furthermore, the Toolkit also covers health and safety topics that can be included

within the spreadsheet if required. Initial benefits may be up to 20% if not previously
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taken any environmental initiatives, however, after a little more effort and time it
should enable to extract more benefits and then to develop a process of continuous
improvement, gaining 5 - 10% every year.

Figure 3.11: Recommended Approach to Using
the Toolkit. (The Office Toolkit BRE & PA Consulting Group 1995)
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As the figure 3.11 has shown, the first step is to establish an initial commitment.
The key decision makers in the business should support the aims of the initial review,
and all staff should be aware of what is about to happen. It may have been that other
people should be involved from several parts of the organisation, or even from several

organisations. In order to maximise the gain and make it worthwhile, following steps
should be considered when using the Toolkit:
* If you are a tenant, then you need to involve the landlord. Only he can commit

to significant changes in the building and how it is operated - for example the

building probably has a centrally controlled central heating system, and waste
will be collected centrally.

* [f you are the landlord, then you may want to get all the tenants involved.
Everyone has something to gain, and you can use this approach to develop
business relationships.

* If you run a branch office of a large organisation, then office supplies and

energy may be purchased centrally.
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* If you are responsible for the facilities or environmental management in an

organisation with a number of sites, then you will want to involve local
managers.

Figure 3.12: Example Toolkit Spreadheet
Completed. (The Office Toolkit BRE & PA Consulting Group 1995)

TODAY
: ecopoints per kWh for electricity 0.133 5
electricity cost (E/kWh) | 0.045 (%) (5} 0x0x0
1000
rating L usage number consumption
lamp type
ptyp (watts) (hrs/yr) in use (kWh/yr)
fluorescent 4ow (4°) 58 5500 1590 BOAB2E
fluorescent sow (5") 65 5300 310 175745
fluorescent 6ow (5") 75 3300 50 79200
filament gow 40 2260 B0 _'1—113.1()
filament 6ow 60 | 2250 o 14820
filament 100w 100 [ 2250 1)
desk light o Toias 1 2250 17}
. total 5748621
benchmark: kWh per square metre of ecopoints/year 76451 236 ]
treated floor area per year cost (£/year) 25867 X

Use the Toolkit spreadsheet to fill in numbers, for each section of the review, as
displayed on example spreadsheet of figure 3.12 above and enter guidance notes to
help estimate numbers where the facts are not readily available. From these numbers,
the Ecopoints (the environmental impact) and the running costs calculations will be

performed automatically by the Toolkit programme.

Figure 3.13: Example Environmental Impact and Running Cost Chart

on the Toolkit. (The Office Toolkit BRE & PA Consulting Group 1995)
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The key to a successful environmental programme is gaining momentum. Most of
the early actions involve everyone in the office changing their behaviour; particularly
in switching off lights and office equipment. A carefully planned communication
programme is needed to ensure that everyone gets the message and gets involved.
Once the major environmental impacts are discovered, convey these impacts to all
staff by using a series of training seminars or a poster campaign or an internal
newsletter (or combinations of these) to generate discussion and lots of ideas on how
best to get the improvements achieved. Example action summary spreadsheet is

shown on figure 3.14.

Figure 3.14: Example Action Summary Spreadsheet
of the Toolkit. (The Office Toolkit BRE & PA Consulting Group 1995)

ACTION SUMMARY
nﬁ‘ﬂggr inucn?r:‘j (£ action i;gggiz;s sav;r? sr:?: (£)
11 switch of f campaign 7826 2500
15 12900 halve overhead lighting and mstall aesk liahts 26675 40

At the end of the implementation period, the actions should be reviewed in order to
know what has been achieved, where things could be improved and what to tackle

during the next period. At this stage, it is a second cycle of the process to continuous

improvement.

3.2.8 APACHE

The Applications Program for Air-Conditioning and Heat Engineers is a software
tool for thermal design and energy simulation related to buildings, which was
originally developed by Facet Ltd in 1981 and bought by Integrated Environmental
Solutions (IES) Ltd. In design mode, APACHE covers the calculation of heating,
cooling and latent room loads, the sizing of room units, internal comfort analysis and
codes/standards checks. In simulation mode, APACHE performs a dynamic thermal

simulation using hourly weather data. Linked modules deal with the performance of
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HVAC plant and natural ventilation. APACHE is a component of the IES Virtual
Environment (see figure 3.15), an integrated computing environment encompassing a

wide range of tasks in building design such as listed below:
* Thermal design (heating, cooling and latent load calculations).
* Equipment sizing.
* Codes and standards checks.
* Dynamic building thermal performance analysis.
* Systems and controls performance.

* Energy use.

APACHE covers a wide range of requirements from basic design to detailed
simulations of HVAC systems. Apache-HVAC is used to create HVAC system
schematic models, subsequent to creating a building model using the IES building
modeller ModelIT. The building models together with the HVAC system schematics
are used as the data source for APsim. APsim HVAC system simulation may be used
to estimate the expected fuel consumption of the building’s space heating and cooling
systems. It may also be used to examine in detail the expected performance of an
HVAC system and controls under a range of operating conditions. The APACHE
software suite incorporates Chartered Institution of Building Services Engineers

(CIBSE) facilities for performing fabric analysis; heat loss and heat gain calculations
and thermal simulation.

Figure 3.15: APACHE — Thermal Design and Energy
Simulation Sotware. (APACHE IES Ltd 2000)
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Geometrical models may alternatively be entered using facilities within the Virtual
Environment. Input of data relating to materials, occupancy, internal gains, climate,
air movement and systems is managed via graphical interfaces and supported by

extensive databases. APACHE presents a wide range of outputs in tabular and

graphical form.

3.2.9 TAS

Thermal Analysis Software is a suite of computer software products, which
simulate the dynamic thermal performance of buildings and their systems.
Environmental Design Solutions Limited (EDSL) was formed in 1989 to
commercially develop TAS. The main module is TAS Building Designer, which
performs dynamic building simulation with integrated natural and forced airflow. As a
secondary module, it has 3D graphics based geometry input that includes a CAD link.
TAS Systems is a HVAC systems/controls simulator, which may be directly coupled
with the building simulator. It performs automatic airflow and plant sizing and total
energy demand. The third module, TAS Ambiens, is a robust and simple to use 2D
CFD package which produces a cross section of microclimate variation in a space.
TAS is a complete solution for the thermal simulation of new or existing buildings.

allowing design professionals to compare alternative heating/cooling strategies and

fagade design for comfort, equipment sizing and energy demand.

Figure 3.16: TAS — 3D Modeller, a Thermal/Energy Analysis Module. (TAS EDSL Ltd 1999)
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It is also a very responsive and accurate tool for concept development while being
a powerful design tool for the optimisation of a buildings environmental, energy and
comfort performance. With TAS 3D Modeller (see figure 3.16), rendered 3D views
that display comprehensive shading can be created and even calculate sunshine

penetration through the interior of the building between spaces.

Construction materials and glazing types can be allocated from the comprehensive
databases included in the software. These have their dynamic response automatically
calculated in the model. The occupation of the building is represented by a calendar,
with different day types having varying schedules of use. The final ingredient that
brings the building model to life is the climate data used to drive the simulation. TAS
has access to over 2,500 recorded weather sites worldwide. The data consists of

hourly values for solar, temperature, humidity and wind speed and direction.

Figure 3.17: Lighting Simulation and Luminance Lux Levels with TAS. (TAS EDSL Ltd 1999)
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TAS exports the various constructions and glazing types with their original TAS
colours and these can be edited within Lightscape to enhance the appearance of the
building’s interior finishes. The sky conditions can be specified and the building can
be located anywhere in the world for any date and time. From this, the lighting
simulation is completed and a photo-realistic model of the whole building is created.
The model can be viewed from any position and used to generate fly-through
animations. Day lighting analysis can be performed on the rendered model to
determine the daylight levels on any of the internal surfaces. In addition, luminance
lux levels can also be displayed numerically with contour lines or via colour mapped

images representing lux level banding as shown on figure 3.17.

3.3 Summary

In this chapter, existing energy and environmental assessment methods for
buildings in the UK has been reviewed and compared in order to assist pcople
choosing the right method for the building energy study and environmental impact
assessment. As stated earlier in the chapter, tool and techniques looked at are the main

energy rating and environmental impact analysis methods currently used in the

country.

The following comparison shown on table 3.1 has not been prepared to justify that
there is only one method to be used, which would be the best method for the purpose,
but to describe each method in more detail and therefore help users make decisions
easier. As it can be seen, each method has its unique way of assessment, some may
even cover issues that others may not, and therefore it is worthwhile to use more than
one method. Architects, designers, environmental/energy consulting firms,

authorities/clients, quantity surveyors, and research universities presently use these

methods.
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Table 3.1: Comaprison of Existing Energy and Environmental

Assessment Methods for Buildings in the UK. (Generated 2001)
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7
Produces an energy rating for a dwelling No | ves | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Suitable for calculating SAP ratings Yes | Yes | No | Yes | Yes § No | No | No | No
Provides a framework for calculation of : " - "
energy use in buildings Yes | No | Yes | No | Yes | Yes | Yes | Yes | Yes
Esu.mate's energy costs and potential Yes | Yes | Yes | Yes | Yes | Yes | Yes [ Yes | Yes
savings in housing
]

When calculating energy costs, takes into
account thermal insulation of the building
env S i

nvelope as well as the efficiency and No | Yes | No | Yes | No | Yes | No | Yes Yes
control of the heating and hot water
systems and the ventilation characteristics
of the dwelling

—

Estimates the solar gain features of the
building and the price of fuel used for No } Yes | No | Yes

space and water heating

Yes § No No Yes | Yes

Includes energy used for lighting and No | No No | No No No | Yes | Yes | No
appliances

Consists of a worksheet that calculates the
space and water heating energy

requirement of a dwelling. and a rating No
that is based on fuel costs rather than
primary energy use or CO, emissions

Yes | No | Yes | Yes | No | Yes Yes | No

Provides simple means of reliably
estimating the energy efficiency
performance of dwellings

Yes { Yes | No Yes | Yes | Yes | Yes | Yes | Yes

Enables the levels of energy efficiency in No | ves | mNo | ves | ves | ves | Yes | Yes | Yes
buildings to be compared.

Additionally taking into account CO;
emissions resulting from energy use in
dwellings; CFC and HCFC (hydro
chlorofluorocarbon) emissions: natural
resources and recycled materials: storage
of recyclable materials; water cconomy. No | No | ves | ves | ves | ves No | Yes | No
the ecological value of the site;
ventilation; volatile organic pollutants of
indoor origin: wood preservatives: man-
made mineral fibres; asbestos and lead:
lighting; smoke alarms; storage of
hazardous substances |
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COMPARISON ISSUES

BREDEM

SAP

BREEAM

NHER
STARPOINT
ENVEST
TOOLKIT
APACHE
TAS

Provides guidance on ways of minimising
the adverse effect of buildings on the
global and local environments while
promoting a healthy and comfortable
indoor environment for inhabitants

No

Yes

No Yes Yes

Based on readily available and generally
accepted information - establish criteria
and standards going beyond those
required by law and regulation

No

No

Yes

No No Yes No No No

Covers issues such as global, local and
indoor

No

Yes

No | Yes | Yes | Yes

Provides a common rating for the new and
existing buildings and offers greater
flexibility in benchmarking building
portfolios

No

Yes

Yes

Yes | Yes | Yes Yes

Encourages greater use of public transport
and cycling, while discouraging the use of
private cars for commuting

No

Yes

No No No

Provides the environmental assessment of
materials as a major addition, green guide
to specification and an environmental
profiling system for building materials
and components

No

Yes

Produces a simple scale rating for
material’s life expectancy and
recyclability

No

No

Yes

No No Yes | No | Yes | No

Provides applicable ratings in both new
and existing dwellings

Yes

Yes

Yes

Yes | Yes } Yes Yes

Software based program

No

Yes

Yes

Yes | Yes [ Yes | Yes Yes

To summarise, it is suggested

help achievin

methods cover whole range of issues considering en

impact assessment of a building.

that using more than one method at a time would

g better results as some of these energy and environmental assessment

ergy rating and environmental
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3.4 Conclusion

As widely known, there is more than twenty years of research background that has
produced broad understanding of the implications of the energy use and helped
increasing the number of energy efficiency strategies and technologies with
significant potential for energy savings in the UK. Building energy and environmental
assessment methods described in this chapter are designed and developed to assess
energy consumption of buildings and building designs against a range of

environmental issues covering impacts on the environment.

These methods are not only covering a large part in research background achieved,
but also playing an essential role in increasing awareness of the importance of energy
efficiency in buildings today and encouraging energy conscious building design
throughout the country. In addition, some of these main assessment methods, such as
SAP and NHER, have been added to the building regulations to improve energy
efficiency in buildings and reduce carbon dioxide emissions caused by existing
building stock. Nevertheless these strategies and technologies have not been
effectively transferred to the building design community, as recent studies suggested

that the profile of the existing housing stock has remained with little change since

1996, which has already been stated in chapter 2 (ODPM, 2003).

Against this background, my research advocates that more emphasis should be
paid to encouraging property developers to design energy conscious buildings and
property owners to implement energy efficiency improvements in existing buildings.
Today, while being one of the most important issues, sustainable development is
forever on the agenda and therefore this knowledge gap should be rapidly bridged.
Moreover, the building regulations and associated policies could be more effective
and efficient in this matter and the use of energy ratings should enable decision
makers to take energy efficiency into account on a rational basis when designing new
dwellings or refurbishing existing ones. For building professionals, ratings can be

used as a design tool to optimise energy efficient building design.
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4 Energy Consumption in Domestic Buildings

4.1 Introduction

All societies including both developed and less developed countries are dependent
on energy for their existence. Today, the consumption of energy is costly and
degrades the environment and therefore its use should be reduced. In the UK, the
domestic sector is one of the main consumers of energy and accounted for 29% of the

total primary energy consumption in the country (see figure 4.1).

In view of the fact that buildings (both domestic and commercial buildings)
accounted for the largest proportion of UK’s energy consumption, they should be
considered as one of the highest priorities when it comes to reducing the overall
energy consumption in the country and meeting required targets. According to the
statistics, the UK domestic sector energy consumption has increased by 32% since
1970 and by 19% since 1990. In addition, since 1990 factors affecting domestic
energy consumption such as the number of households has increased by 10%,

population has increased by 4% and household disposable income has increased by

30% (DTI, 2002).

Figure 4.1: Breakdown of UK Energy Consumption and
Domestic Only Energy Use. (Shorrock and Walters 1998)
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Environmental damage caused by carbon dioxide emitted during energy use,
combined with the more basic issue of cost has made energy conservation the central
theme of sustainable development. In this chapter, energy consumption in domestic

buildings and strategies for energy efficiency design have been reviewed for the
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purposes for identifying the domestic sector energy use and the drivers of energy

consumption in this sector, which can eventually help bring down the energy being

consumed.
4.2 Domestic Sector Energy Use

Today in the UK, almost 30% of the carbon dioxide produced is being caused

directly or indirectly by the use of energy in dwellings (see figure 4.1) and as a result,
it is clear to state that the way we use energy is extremely inefficient. If all energy
efficiency measures outlined in this research were to be carried out the amount of
CO; produced could have been reduced by 60 - 80%. Moreover, if we were also to

change our lifestyle and use renewable energy sources we could reduce the CO,

emissions even further.

Services and systems installed within dwellings use energy to create a comfortable,

safe, healthy and productive environment. These services and systems are as follows:

® Space Heating
® Water Heating
= Lighting
* Cooking

= QOther Appliances
Each dwelling should be considered as a total system (see table 4.1) and by doing
so0, the way energy is being used can be studied and therefore the ways we can reduce

CO; emissions can also be worked out. The following steps can help save energy and

therefore carbon dioxide emissions can be reduced in each dwelling:
* Choosing the sources of energy emitting the least amount of carbon dioxide.
* Finding the most efficient ways of using energy in heating systems, lighting

and other appliances.

* Conserving the heat in dwellings through draught proofing, ventilation control

and insulation.
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The main issue is not improving the overall energy efficiency of a dwelling but the

resources that can be directed to the task and how far to go with each measure to

achieve the efficiency levels.

Table 4.1: Dwelling as a Total System. (Action Energy 2002)

Input Use Output
(sources of energy) (and misuse) (loss)

Fossil Fuel Gas Space Heating Draught, Ventilation

Oil Water Heating Hot Flue Gases

Coal Lighting Heat Loss through:
Electricity Electricity Walls and Windows
Biomass: Wood Appliances: Cooking Roof
Solar Energy: Passive Solar Energy: Washing Floor

Active Human Metabolism Waste Warm Water
Food

The majority of energy consumed in the domestic sector is for space heating,
which accounted for 58% of all delivered energy consumed in 2000 (see figure 4.2).
Space heating in any year is largely dependent on outside temperatures, which
explains the year-to-year fluctuations, although increases in internal temperatures, the
growth in central heating and the increased number of households have all
contributed to the increase over the period 1970 to 2000, despite the increased
presence of insulation. The other major areas of energy consumption in the domestic
sector are for heating water, for lighting and appliances and for cooking. Between
1970 and 2000, energy consumption in lighting and appliances increased by 157%,
while energy use in cooking has fallen by 16% (DTI, 2002).

Figure 4.2: Domestic Final Energy Consumption
by End Use, 1970 to 2000. (Shorrock and Utley 2003)
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The fall in energy consumption in cooking is partly explained by a change in
lifestyle. More convenience foods are now consumed and people eat out more
frequently than in the past. The average person in 2000 spent £7.36 per person per
week on food and drink consumed out of the house. In addition, excluding alcoholic
drink, expenditure on eating out has increased by 13% in real terms since 1994, whilst

household food and non-alcoholic drink purchases fell by 2% (DTI, 2002).

Space and water heating require heat, which is produced by converting the
chemical energy in gas, oil or coal to thermal energy by combustion in a heating
appliance. The remaining services require electricity, which can also be used to
provide space and water heating, however is somewhat costly. In the UK, the majority
of electricity is produced in power stations from steam or gas turbines driven by the

combustion of fossil fuels. Smaller quantities are generated from nuclear power and

renewable energy sources (see chapter 1).

4.3 Embodied Energy and Materials

When considering energy consumption in buildings, it is important that not only
the energy consumed during the life of a building has to be considered, but also the
extent to energy involved in the extraction, manufacture and transportation of
building materials should be taking into account. This is known as the ‘embodied
energy’ and directly relates to the gross carbon intensity of a material. The overall

environmental credentials of a building are affected by a number of factors, which are
as follows:

» Energy used over its estimated lifetime.

= Energy used in the construction process.

» The extent to which recycled materials have been used.

» The presence of pollutants in a material such as volatile organic

compounds (VOCs).
» Toxic substance used in the production process.
* Energy used in demolition.

» Level of recyclable materials at demolition.
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® Materials used in refurbishment.

Currently, it is known that a building consumes much more energy during its
lifetime than is involved in extraction, manufacture and transportation. However, it is
usually the case that the embodied energy will be significant fraction of the total, as
buildings become more energy efficient. As seen earlier in this chapter, domestic
buildings account for almost 30% of the total primary energy consumption in the UK

and therefore the embodied energy of a dwelling has to be considered in achieving

best results in overall energy efficiency.

4.4 Energy Efficiency Basics

In housing, energy efficiency means using less energy for heating, cooling, and
lighting. It also means buying energy saving appliances and equipment for use in a
house. An important concept for energy efficiency in housing is the building
envelope, which is everything that separates the interior of the dwelling from the
outdoor environment: Doors, windows, walls, foundation, roof and insulation. All the
components of the building envelope need to work together to keep a dwelling warm
in the winter and cool in the summer. Insulation, for instance, will be less effective if

the roof, walls and ceiling allow air to leak in or allow moisture to collect in the

insulation.

Various approaches can help improve the building envelope, such as wall
insulation can reduce heat loss through walls by up to 80% and draught stripping
badly fitted windows and doors can also reduce heat loss. In addition double-glazing
increases comfort and reduces condensation. Even low-emissivity glass further

enhances these benefits and can significantly improve a dwelling’s energy efficiency.

Heating and cooling systems typically use the most energy in the domestic sector.
In housing, the addition of efficient controls, like a programmable thermostat, can
significantly reduce the energy use of these systems. Some dwellings can also use

zone heating and cooling systems, which reduce heating and cooling in the unused

areas of a house.
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Both heating water more efficiently and reducing hot water use can reduce the
energy consumed to heat water. A wide variety of fixtures, such as low-flow
showerheads and faucet aerators, can also reduce hot water use. In a house, an older
water heater can be replaced with a newer, more energy-efficient one, and the water

heater and hot water pipes can be insulated to minimise heat loss.

Today, most common appliances and electronic devices are available in encrgy-
efficient models, from washing machines and refrigerators to copiers and computers.
Several energy-efficient lighting options, such as compact fluorescent light bulbs, are
also available. There are ways to determine how energy efficient a dwelling really is
and, if needed, what improvements can be made. Homeowners can conduct simple

energy audits on their homes or have professional audits done.

Energy efficiency standards in a house could be more desirable to the occupants
than an equivalent higher energy consuming dwellings. In addition, the maintenance
costs are reduced due to less energy consuming devises installed and the effect is seen
as an immediate reduction in gas and electricity bills. However, the reductions in bills
are often not as large as predicted. This is because the dwelling occupants use the
opportunity for lower fuel bills to obtain an improvement in thermal comfort
conditions. It is well known fact that homes can be better heated yet still have lower

fuel bills. Improvements in temperatures also have an effect on health (Action

Energy, 2002).

Figure 4.3: Energy Efficiency Basics. (Action Energy 2002)
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There is a well known approach, which is to first reduce the demand for energy
then make use of natural energy flows and finally supply energy that is needed in an
efficient and well controlled manner (see figure 4.3). The order to energy efficiency is

therefore:

1. Site and orientate the house in a microclimate by choosing an appropriate site

or using landscaping techniques to modify the climate.

2. Minimise fabric and ventilation heat loss rates.

3. Optimise any free sources of energy such as solar gains, daylight or natural

ventilation.
4. Select the energy consuming plant to be as energy efficient as possible.

5. Control the energy consuming plant so that it operates only when required and

to the level required.

6. Recover waste energy where viable.

4.5 Reducing Energy Consumption

While there are a number of important dimensions to the concept of sustainability.
it is largely used in reference to sustaining the balance and health of the environment;
the greatest threat to our environment today being climate change associated with
emissions of greenhouse gases. Under the Kyoto Protocol, the European Community
agreed to an 8% cut in greenhouse gas emissions and under a burden sharing
agreement amongst its member states, the UK agreed a cut of 12.5%. Both the UK
government and the devolved administrations also have a domestic goal to cut the
emissions of carbon dioxide, the main greenhouse gas, to 20% below 1990 levels by
2010 (DETR, 2000). It is accordingly believed that there will be clear benefits for the
UK by moving beyond its Kyoto target towards its domestic goal. Taking early action
and starting the transition to a low carbon economy will therefore bring financial and
economic gains. The UK’s Climate Change Programme includes a flexible, cost
effective set of policies and measures that will help to achieve these objectives that

will safeguard the UK’s competitiveness and that will also deliver wider benefits for

the environment and society.
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Achieving emissions reductions associated with energy use in the domestic sector
will inevitably mean reducing energy consumption. This itself must be considered as
a significant challenge given that the domestic energy sector is a growing market
(both gas and electricity consumption in the domestic sector has grown by 8 - 10%
over the last 5 years (DT, 2002)) and perhaps most importantly, a competitive supply
market where unit prices have been steadily falling; reducing the incentive and
economic benefits of energy efficiency. The methods used by the UK government can

be broadly categorised as fiscal, legislative and technical, and briefly explained

below:

4.5.1 Fiscal

Taxation can be used to penalize the use of energy or reward the purchase of
energy saving devices. The ‘Climate Change Levy’ (CCL) is a major new energy-
related tax that came into operation in 2001. It is an energy tax, which applied to the
business and public sectors and aimed to discourage energy use by increasing the cost
of fuels. Moreover, it makes purchases of energy saving devises and systems more

cost effective. Some fuels are exempt from the levy such as renewable energy and

combined heat and power (CHP) output.

Taxation is a punitive method of encouraging energy efficiency but there is also
enchased capital tax allowance available for energy efficiency equipment such as
CHP systems, efficient boilers, pipe insulation, variables speed drives and low energy
lighting systems. These enhanced allowances allow the full cost of the devices to be

written off over one year instead of over approximately eight years, which is normal

for most capital items.

4.5.2 Legislation

Conservation of fuel and power is included within the building regulations, which
are enforceable by law. In the past the regulations have concentrated on reducing the
space heating energy use of buildings, however, it now includes lighting, ventilation

and air-conditioning with an excepted tightening of standards in future years.
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4.5.3 Technical

There are a number of improved technologies that can be used to reduce energy

consumption and CO, output whilst maintaining existing levels of thermal comfort,

ventilation and lighting.

Renewable energy sources, such as wind, solar, biomass and hydroelectric power
stations, can be used to displace fossil fuel and nuclear generation. Currently,
renewables are not cost competitive when compared to fossil fuel generated

electricity and are often rejected due to environmental concerns.

Energy efficiency basics can generally achieve cost effective energy savings as
great as 40 - 60% in existing housing with poor fabric and services. These savings can

be achieved often at little or no extra cost if energy efficiency techniques are

integrated during refurbishment or at the design stage.

As an example, savings due to better insulation and heating efficiency is shown on
figure 4.4 over the period 1970 to 2000. The combined savings from insulation and
heating efficiency improvements reduced domestic space heating energy consumption
to about 48% in 2000. It is calculated that without insulation energy consumption
would have been 59% higher by 2000 (DTI, 2002).

Figure 4.4: Savings due to Better Insulation and

Heating Efficiency, 1970 to 2000. (Shorrock and Utley 2003)
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4.6 Home Energy Conservation Act 1995

The Home Energy Conservation Act (HECA) 1995 set a target of 30%
improvement in domestic energy efficiency to be achieved by 2010. It came into
effect from April 1996 and required every UK local authority with housing
responsibilities — ‘Energy Conservation Authorities’ — to prepare, publish and submit
to the Secretary of State an energy conservation report identifying practicable and
cost-effective measures to significantly improve the energy efficiency of all
residential dwellings in their area; and to report on progress made in implementing

the measures.

Figure 4.5: The Effect of Energy Efficiency Improvements
on Energy Consumption. (Shorrock and Utley 2003)
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Significant improvements are therefore possible in both public and private sector,
providing appropriate resources are made available to local authorities and registered
social landlord/landladies. To a large extend, the financial resources required to meet
this target need to come from private homeowners, since 70% of housing belongs to
the private sector (ODPM, 2001). There is local authority investment within the
private sector, which will be targeted primarily at low income and other households at
risk from fuel poverty and undertaken as part of local authority’s private sector
renewal activity. There are also sources of external grants available, which could be
actively promoted by the local authority. Furthermore, energy efficiency is an

important priority for the local authorities in their investment and maintenance
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strategies for public sector and therefore they will continue to support measures that

help the provision of affordable heating to all households.

4.7 Conclusion

Given the value of energy efficiency basics and techniques to producing better
buildings and reducing environmental impact, it is the duty of professionals in the
construction industry to recommend energy efficiency solutions whenever alternative
choices occur. This must also be supported with increasing legislation by government;

in recognition of the importance of energy issues have introduced legislation that

aims to reduce building energy consumption.

The UK government’s target is to reduce greenhouse gas emissions in the country
to a level that is 12.5% less than 1990 levels by 2008 - 2012, with a desire of
extending this to a 60% reduction by 2050. Architects, building services engineers
and other construction specialists can assist in meeting these targets by making
energy conservation a consideration in all design decisions. Additionally, 83% of
energy used in a domestic building is consumed for space and water heating (sec
figure 4.2) and therefore a household’s total energy consumption is largely related to

the efficiency of its heating system, levels of insulation and draught stripping (DTI,

2002).

It can be said that the reduction of energy consumption in domestic buildings and
consequently the effective refurbishment of dwellings for energy efficiency relies on
improvements in these key areas. Energy efficiency improvements in existing housing
stock have made an impact on energy consumption since 1970 and it has been
calculated that without these improvements, energy consumption would have been
46% higher by 2001 (see figure 4.5) (Shorrock and Utley, 2003). However,

opportunities to make much greater improvements to energy efficiency and therefore

to reducing energy consumption still remain.

This chapter outlines energy consumption in domestic buildings and determines
potential improvements in this sector to help the UK meet its international
commitment. If energy efficiency improvements in domestic sector were to be

accelerated both by professionals and the government, overall carbon dioxide
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emissions could be radically reduced. Thus, improving energy efficiency and
reducing CO, emissions in this sector is not only going to help the country achicve its
target, but also tackle vital issues, such as fuel poverty, non decent homes, excess

winter deaths, etc. This will also raise awareness in sustainable and energy efficient

building design in the UK.

Furthermore, sustainable design has become an important issue and to achieve this
there must be a significant reduction in CO; emissions and the amount of energy
consumed in buildings. The following chapter focuses on case studies carried out
within private housing sector that examines energy related problems and determines

potential improvements for energy efficiency in the domestic sector.

4.8 References
Action Energy (2002) Low Energy Design, Interface Publishing.

AERE and ETSU (1994) An Assessment of Energy Renewable Energy for the UK,
HMSO.

Boyle, G. (1996) Renewable Energy: Power for a Sustainable Future, Oxford

University Press.

BRECSU and ESTU (1999) Cavity Wall Insulation - Unlocking the Potential in
Existing Dwellings, HMSO.

BRECSU and ESTU (1999) Refurbishment of Post-War Low Rise Housing, HMSO.

Burton, S. et al (1993) Passive Solar Study: Existing Passive Solar Contributions in

Buildings, ETSU.

CIBSE (1998) Guide F: CIBSE Energy Efficiency Guide, CIBSE Publications.
CIBSE (1999) Guide A: Environmental Design, CIBSE Publications.

DETR (2000) Climate Change: The UK Programme, HMSO.

DETR (1998) General Information Report 53, Building a Sustainable Future: Homes

for an Autonomous Community, The Stationery Office.
85




Chapter 4 Energy Consumption in Domestic Buildings

DETR (1999) Good Practice Guide 272, Lighting for People, Energy Efficiency and
Architecture, BRECSU.

DETR (2000) The Building Act 1984: Building Regulations - Proposals for
Amending the Energy Efficiency Provisions (Part L), HMSO.

DTI (2002) Energy Consumption in the UK, Department of Trade and Industry.

Evans, R. D. (1990) Energy Use and Energy Efficiency in the UK Domestic Sector
up to the year 2010, HMSO.

Howes, R. and Fainberg, A. (1991) The Energy Sourcebook: A Guide to

Technology, Resources and Policy, American Institute of Physics.

Lowe, R. J. (2000) Defining and Meeting the Carbon Constraints of the 21st Century,
Building Research and Information, Vol. 28, No. 3, P. 159 - 175.

Olivier, D. and Willoughby, J. (1996) Review of Ultra-Low-Energy Homes. General
Information Reports 38 & 39, The Stationery Office.

ODPM (2001) Home Energy Conservation Act 1995 Fifth Progress Report Data for 1
April 2000 to 31 March 2001, Energy Conservation Authorities in England, HMSO.

Shorrock L. D. and Walters, G. A. (1998) Domestic Energy Fact File 1998, BRE
Report 354, Building Research Establishment.

Shorrock L. D., Henderson, J., Utley, J. 1. and Walters, G. A. (2001) Carbon
Emission Reductions from Energy Efficiency Improvements the UK Housing Stock,

BRE Report 435, Building Research Establishment.

Shorrock, L. D. and Utley, J. I. (2003) Domestic Energy Fact File 2003, BRE

Publications.

Smith, P. F. (2003) Sustainability at the Cutting Edge: Emerging Technologies for

Low Energy Buildings, Architectural Press.

86




Chapter 5 Case Studies within Private Housing Sector in Shefficld

S Case Studies within Private Housing Sector in Sheffield

3.1 Background

As previously explained in this thesis, the UK is committed to reducing the
emission of six greenhouse gases with carbon dioxide being the most significant to
12.5% lower than the 1990 levels by 2010. In addition to this commitment, the UK
government has also indicated that it has an aim of further reducing the emissions
with an eventual target of 20% below the 1990 levels by 2010 (see chapter | for more

information about the UK’s Climate Change Programme).

In the UK, energy consumed by the building stock approaches 50% of the total
while transport is responsible for 28% and predicted to rise significantly. Moreover,
energy consumption for energy use in the domestic sector is responsible for about
30% of overall CO, emissions and is a major contributor to global warming (see
chapter 4 for more information). Today, the domestic sector energy consumption has
become one of the key drivers to improving energy efficiency and reducing carbon

dioxide emissions in the country, which is again the main focus area of this research.

This research has begun with building confidence and relationship with
landlords/landladies through the Housing Services at the University of Sheffield. The
main idea behind this was to find ways to contact people in charge (property owners)
directly rather than the occupiers. In this case, it was the privately rented
accommodation and particularly the university—controlled properties targeted. The
question to answer is; ‘how can we encourage property owners to implement
necessary energy efficiency improvements, while there is no effective legislation
in place to tackle energy related issues’. This has already been a great challenge for
the government as there are no effective solutions in place and therefore it is a crucial

barrier where again this research has focused on (scope of the problem).

In order to bring an alternative solution to the problem and encourage further
improvements in privately rented properties, the author has decided to take the first
step to reach across a barrier by contacting the authority, which has supported

privately rented property owners and help to market their properties locally. In this
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case, this authority is the University of Sheffield, Housing Services that currently
controls and checks dwellings registered both under the university private housing
and private landlord schemes, which is also recognised by the City Council. For the
majority of the property owners, their properties are considered as ‘affordable and
decent homes’, due to the fact that they are registered with the university housing
scheme and inspections are undertaken on a yearly basis; however mostly covering

fire regulations and security issues rather than energy efficiency measures. As a

result, this remains a great challenge to be tackled.

The author has attended a meeting with the housing officer in Housing Services
and explained both the research aims and objectives (see following section 5.2), and
justified the outcomes. The housing officer has not only found the project interesting,
but also helpful for developing further strategies, such as considering energy
efficiency measures in university private housing requirements. Furthermore, housing
services has a yearly meeting with the property owners of registered dwellings under
the university private housing scheme. The author has taken this opportunity to attend
this event to meet landlords/landladies who are able to action when essential
improvements are necessary. The main purpose of attending this annual meeting was

to build up confidence with property owners and explain the forthcoming project

briefly.

After a successful meeting, the author prepared a questionnaire to be sent out
together with housing services support letter in their annual mail shot. It was not
feasible to carry out more detailed site surveys in each property due to the time limit
and obtain permission to access each property. Therefore the questionnaire designed
strategically not only aimed to gain knowledge about each individual property, but
also collect the necessary initial data crucial for the case study analysis in this
research. 615 questionnaires were sent out and as a result, overall respond rate of 30%
achieved as opposed to average feedback rate in most questionnaire-based surveys

(generally it doesn’t exceed 5%), which can therefore be considered as a highly
successful survey.
One of the reasons why the response rate was relatively high could be contributed

to the fact that by meeting directly with landlords/landladies confidence was
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established between the researcher and the owners. Feedback gained from 245
properties covering all essential data required for the case study analysis in this
research. With the initial data collected, it was decided to carry out SAP calculations,
total energy consumption analysis and predictions of carbon dioxide emissions in
each property. This will then help to draw conclusions for the research studied
accordingly. Furthermore, SAP calculations were used because it is currently part of
Building Regulations and quoted in English House Conditions Survey, which makes

the results of this research directly compatible with other published information.
The main criteria examined are:
=  House Conditions (SAP Rating).
*  (Cost of Energy Use (Both for Space and Water Heating).
= Carbon Dioxide Emission.
» Effective Air Change in the Property (Natural Ventilation).

» Heat Loss Parameter (HLP).

Figure 5.1: Criteria Examined Versus Energy Use Areas in a House. (Generated 2002)
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In addition, each of the 245 properties had external site survey completed in order
to gather the following information:

= Scaled Floor Plans

* Dwelling Elevations

* Orientations

* Openings

Measures, such as property floor plans were obtained by using Edina Digimap
online services (http://edina.ac.uk/digimap/). The information produced in this study
relates to areas in the city of Sheffield (S1, S2, S3, S6, S7, S8, S10, S11), which are

close to the university campus and mainly rented by the university students, staff and

other professionals.

Figure 5.2: Sample Property Elevetaions. (Generated 2003)
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The above photos (figure 5.2) were taken in order to gather information on both

dwelling elevations and openings. Each dwelling in figure 5.2 was photographed in a
way of an example showing the variations in property types. This survey then
continued with obtaining scaled floor plans (see figure 5.3) through Edina Digimap
software (internet based) and supported by questionnaires (see figure 5.4) received

from landlord/landladies containing information about the age, type and other

relevant value of the property.

The data collected were imperative for both examining dwelling conditions for
energy standards and calculating energy ratings for each individual property. This

then will be used for compiling home conditions reports (feedback reports) for those
property owners requested feedback on current situation of their properties (116

property feedbacks requested from over 60 landlords/landladies).
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Figure 5.3: Sample Property Floor Plans. (Edina Digimap 2003)
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Figure 5.4: Sample Questionnaire Received. (Generated 2003)

Ruestionnaire

Gineds

This guestionnaire is almed to flnd out the conditions of Private Rented Accommpdation in Sneffield
QUESTIONS ANSWERS [PROPERTY 1 PROPERTY 2 PROPERTY 3 PROPERTY 4 PROPERIY §
Ploase tick boxes for euch pra ) i
asc tick bowes for cach propersy| (1 Address 2 ) Nlidre {

and wanie property s address pelow.

Q4 v

insulaven”

Q11 Does this propenty have double
glazing?

Q12: How is the hot water gernerated”? ‘

Q13: Convrols

for het water?

ime Clek
-~

Thermostat|

5 P
! (S Nane
iR Electnesty v
Q14: What does the property use for I - Gas L4
cooking’ { e E‘w‘»
I Yes
§ the propert Ve low | No 7 v
J | Don 't xaow| ‘
!
PROPERTY | |
e o <
7 PROPERTY 2
= PROPERTY 3
= i -
- PROPERTY 4
PROPERTY 3
Would you like 19 receive u swmmary of 7{ ddress:
the respanses, please tick: ¥ 4 -l

TRAAR, 3400 VEYA PAKTA T8V

pAOUY

blug. Please rehurn tals j”.:«w o Mr b, Altain L the Drepdudt snvelopd proviagad

The questionnaire-based

survey has been strategically prepared to obtain data

concerning property type, age, number of bedrooms, space heating used and controls

(if applicable), wall/floor/roof installation, draught stripping, double glazing. hot

water source and controls (if applicable), cooking source and low energy lighting in

these dwellings.
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5.2 Case Study Aims and Objectives

The main aims and objectives of this study can be summarised as:

To provide a database of the current conditions and energy standards of
privately rented properties.
To investigate potentials for energy efficiency improvements and reduction

of carbon dioxide emissions in the privately rented sector.

To evaluate and review energy and environmental assessment methods, and

their applications in terms of energy efficiency and carbon index (CI).

To identify a way of cost effective modifications to dwelling base designs
which can improve energy efficiency within privately rented properties.

To develop case study results that can be used by landlords/landladies to
encourage energy conservation.

To promote general recommendations for immediate energy savings
throughout privately rented properties analysed with supplementary

documentation enclosed within feedback reports compiled.

5.3 Case Study Methodology

For the determination of energy efficiency potentials in privately rented properties

in analysed areas, it is necessary to have information on the following:

The current condition of the property, including the efficiency of space and

water heating systems in use.

The SAP rating of the dwelling with respect to CO; output.

The reduction of the property carbon dioxide emission due to modification

carried out to base designs.
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S.4 Case Study Analysis and Results

With all measures obtained, the author has started to examine each dwelling for
energy standards and calculate energy ratings with the use of available software, such
as Stelrad’s and Energy Design Advice Scheme’s (EDAS) (both BRE approved) SAP
calculation programs. For each questionnaire received, analysis carried out and
comprehensive current situation reports compiled (Home Condition Reports) for
future references, in this case for potential energy efficiency improvements in
privately rented properties. Reports compiled also contain conditions of the property

as well as current energy (SAP) ratings and predicted carbon dioxide (CO,)
emissions.

Furthermore, property owners were asked if they were interested in receiving
summary reports on their properties. This request was accepted by property owners
covering 116 properties. As a result, feedback reports compiled to demonstrate the

current conditions of each individual property and potential energy efficiency

improvements in these dwellings, and ultimately encourage property owners to act on
it.
Overall findings from the case studies undertaken in this research are as follows:

» Average SAP rating is 61.

= 58% of these properties are above 60 SAP rating.
= Only 10% are above 70 SAP rating.

s 5% are below 50 SAP rating.

For all analysed properties required average SAP rating is 80 or above and
therefore these properties have failed to meet current standards required by the
building regulations. Nevertheless, about 60% of these dwellings are

considered as ‘affordable and decent homes’ in terms of university

requirements.
The average SAP rating for this type of property (EHCS) is 49 (ODPM,

2003); therefore these properties are better than the average for this sector.
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Moreover, the author has met the housing officer to discuss the research findings
and share the information compiled for future recommendations accordingly. Each
report composed also included a short questionnaire, as means to find out how likely
the property owners were to implement the suggested improvements. To enhance the
idea of encouraging further developments, they have been informed about the

government’s plan on introducing ‘Home Information Pack’ and possible SAP rating

for an energy efficient house within existing housing stock.

As from the questionnaire-based survey conducted, only 24 percent of the
response received stated the following:

* 56% of these property owners are either likely to implement improvements

suggested or already undertaken possible improvements.

" 44% of these property owners are not likely to carry out improvements

suggested via feedback reports.

On the other hand, the majority of the property owners (76 percent) are considered
as ‘action unknown’ due to no such response as yet received in terms of this research
time scale. Further to the results obtained regarding the implementation of energy
efficiency improvements in those properties, it can be said that the 23% of
landlords/landladies are voluntarily willing to carry out the necessary improvements
(as the majority of them have submitted supplementary sheets justifying
improvements already undertaken and further actions to be implemented; a sample
letter can be viewed in appendix A) in order to increase energy standards of their

properties. As a result, current SAP rating of these properties increased by about 22%

(equivalent to 14 in number).
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Figure 5.5: Overall Results for Actions to Implement Energy Efficiency Improvements

within Privately Rented Properties Analysed. (Generated 2003)
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It can be concluded that the 12% are not willing to undertake such improvements

for energy efficiency potentials in their dwellings. This can be seen as a crucial
barrier, since there is no enforced legislation in place. On the other hand, the majority
of the property owners’ actions are unknown with no predicted reason and therefore
this barrier remains a great challenge for the energy efficiency improvement
programme in the country.

Table 5.1: Predicted Energy Savings within Properties Examined. (Generated 2003)

Sector Energy (PJ) Notes
Yorkshire and the Humber Region 19.743 * 10% of Total Privately Rented
Properties Analysed 0.019743 0.1% of Total Region
Properties After Improvement 0.0187572 5% Reduction of Total Regional
* Regional Energy Statistics taken from the Domestic Energy Fact File 2003 (Shorrock and Utley,
2003) and English House Conditions Survey 2001 (ODPM, 2003).

Table 5.1 shows the latest total energy use recorded (2001) for Yorkshire and the
Humberside region, and predicted energy use for both before and after improvements
carried out within privately rented properties analysed. Please also note that the
energy statistics for these properties are predicted analysis containing theoretical
improvements undertaken. Yet, property owners have also stated that they are willing
to action voluntarily. Considering the number of properties in this region (241,000),
privately rented dwellings analysed covers 0.1% of the total and therefore energy use

for this portion can be estimated as 0.1% of the latest total energy consumption
recorded in 2001.
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Figure 5.6: Estimated Energy Savings After Improvements. (Generated 2003)
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Figure 5.6 shows the reduction in energy consumption through energy efficiency
improvements undertaken theoretically (although voluntary action stated) within
privately rented properties analysed. Rates on this chart are estimated figures:
calculated by means of both data generated (see table 5.1) and obtained from the
Domestic Energy Fact File 2003 (Shorrock and Utley, 2003) and English House
Conditions Survey 2001 (ODPM, 2003) statistics.

Please also note that the privately rented regional stock for Yorkshire and the
Humber is about 10% of the total private rented sector in the UK (ODPM, 2003).
With the improvements carried out theoretically from the 23% action can result in
current average SAP rating increased by about 5% (equal to 3, in number to 64),

which is also equivalent to 5% reductions on energy consumption within these

privately rented properties.

Within properties analysed, although the reduction rate is 5% through theoretical
improvements, regional energy savings are not significantly effective unless the

government takes action in legislating the issue, which would then result in energy

savings as much as about 22% (see figure 5.7).
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Table 5.2: Predicted Energy Savings within Privately Rented
Tenure in the UK. (Generated 2003)

Sector Energy (PJ) Notes
Domestic Sector Energy Consumption 19743 * | 30% of Total UK Energy Consumption
Privately Rented Sector (Current Status) 197.43 10% of Total Domestic Sector
After Improvements 193.1 22% Reduction Rate
Yorkshire and the Humber Region 19.743 * 10% of Total Privately Rented Sector
After Improvements 15.4 22% Reduction Rate

* Regional Energy Statistics taken from the Domestic Energy Fact File 2003 (Shorrock and Utley,
2003) and English House Conditions Survey 2001 (ODPM, 2003).

Table 5.2 shows the latest total energy consumption recorded (2001) for the
domestic sector, and estimated energy use for the privately rented sector, which is
10% of the total. Please also note that the privately rented regional stock for Yorkshire

and the Humber is about 10% of the total private rented sector in the UK (ODPM,

2003).

If energy efficiency improvements were to be implemented within these privately
rented properties analysed, in that case there would be energy savings as much as
22%. Please also note that the energy statistics for these properties are predicted

analysis containing theoretical improvements undertaken (see figure 5.7).

Figure 5.7: Predicted Energy Consumption After Improvements

within Privately Rented Tenure in the UK. (Generated 2003)
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Figure 5.7 shows both current overall energy consumption in the privately rented

sector in the UK and after the improvements undertaken through theoretical action
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process within privately rented properties analysed. Rates on this chart are estimated
figures; calculated using both data generated (see table 5.2) and obtained from the
Domestic Energy Fact File 2003 (Shorrock and Utley, 2003) and English House
Conditions Survey 2001 (ODPM, 2003) statistics.

Please also note that the privately rented sector accounts for about 10% of the total
domestic sector in the UK (ODPM, 2003). Furthermore, due to the submission
deadline of this thesis, the results for suggested improvements are still counting up

(feedback is being received) and therefore the case study results only contain the most

recent data received and analysed.

To conclude, considering today’s housing standards reviewed in chapter 2, about
60% of privately rented dwellings examined can be considered as ‘affordable and
decent homes’. However if the government was to action in order to meet 20%
reductions in CO, emissions, potential energy efficiency improvements in these
particular sector (covering only the minority of the total UK housing stock) should
therefore be implemented. Despite the fact that this sector only accounts for 15% of

the total housing stock, it can significantly contribute to achieving targets both set

nationally and internationally.

In this research, it should be emphasised that the methodology used can therefore
guide for further developments within privately rented properties to help achieve
effective results in energy efficiency improvement programme in the city. In addition,
it should also be mentioned that the knowledge gap can be bridged and energy
efficiency could be achieved generally in the private housing sector with close
relationship developed through each housing community. This is again undoubtedly
the right direction to guide policy makers prepare more effective policies to tackle the

challenge that government and local authorities faced today, specifically in the private
sector.

More detailed information on questionnaire-based survey and related results are
shown in appendix A. The statistics for the first 55 property are shown in table 5.3.
The table gives the existing conditions (with relevant SAP rating), cost of energy use

(both for space and water heating), CO; emission, effective air change in the property

(natural ventilation) and heat loss parameter.
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Table 5.3: Current Conditions of the Properties Examined. (Generated 2002)

PRIVATE RENTED PROPERTIES REQUIRED SAP RATINGS = 80/81/82/83/84/85
PROPERTY NO  SAP COSTS £ YEAR o, HEATLOSS AIR CHANGE PASS/FAIL
SPACE WATER TOTAL PARAMETER RATE P/F
PROPERTY 1 54 263.01 150.04 413.05 4.54 2.81 0.77 F
PROPERTY 2 60 343.95 162.82 506.77 5.68 2.6 0.91 F
PROPERTY 3 58 319.03 158.68 477.71 5.33 2.7 0.9 F
PROPERTY 4 54 33151 156.55 488.06 545 2.88 0.91 F
PROPERTY 5 50 32427 152.29 476.56 5.31 317 0.86 F
PROPERTY 6 51 317.28 15229 469.57 5.23 3.11 0.83 F
PROPERTY 7 51 29258 150.04 44262 4.9 311 0.77 F
PROPERTY 8 59 32193 160.22 48215 538 2.63 0.81 F
PROPERTY 9 58 361.72 162.82 52454 5.9 2.76 0.83 F
PROPERTY 10 §7 37744 162.82 540.26 6.09 2.86 0.81 F
PROPERTY 11 65 291.64 162.82 45446 5.04 2.3 0.77 F
PROPERTY 12 66 30566 140.41 446.07 4.94 233 0.83 F
PROPERTY 13 56 380.5 162.82 54332 6.13 2.86 0.83 F
PROPERTY 14 56 380.5 162.82 54332 6.13 2.86 0.83 F
PROPERTY 15 56 386.81 162.82 549.63 6.21 2.92 0.83 F
PROPERTY 16 52 338.12 155.15 493.27 5.52 3.09 0.85 F
PROPERTY 17 66 294.03 164.39 45842 5.09 2.27 0.83 F
PROPERTY 18 69 4064  179.26 585.66 6.65 2.21 0.78 F
PROPERTY 19 69 408.87 179.26 588.13 6.68 2.23 0.78 F
PROPERTY 20 68 41539 179.26 594.65 675 2.27 0.78 F
PROPERTY 21 68 41539 179.26 594.85 6.75 2.27 0.78 F
PROPERTY 22 75 536.55 197.96 734.51 846 2.01 0.77 F
PROPERTY 23 53 83554 195.77 1031.31 19.46 2.33 0.87 F
PROPERTY 24 52 278.14 150.04 42818 4.72 2.95 0.86 F
PROPERTY 25 57 252.41 151.7 40411 443 2.65 0.98 F
PROPERTY 26 60 34276 162.82 50558 567 2.61 0.88 F
PROPERTY 27 59 347.49 162.82 51031 5673 2.64 0.88 F
PROPERTY 28 56 27285 11276 38561 4.2 2.85 0.98 F
PROPERTY 29 55 239.16 148.93 388.09 4.23 2.69 0.98 F
PROPERTY 30 71 332.88 174.23 507.11 5.69 2.05 0.88 F
PROPERTY 31 50 23796 1517  389.66 4.25 25 0.95 F
PROPERTY 32 55 273.71 151.7 42541 4.69 2.82 0.98 F
PROPERTY 33 64 279.71 160.47 44018 4.87 2.36 0.76 F
PROPERTY 34 67 253.56 160.86 41442 455 2.2 0.83 F
PROPERTY 35 67 253.56 160.86 41442 4.55 2.2 0.83 F
PROPERTY 36 67 253.56 160.86 41442 4.55 2.2 0.83 F
PROPERTY 37 68 264.33 163.07 427.4 4.71 217 0.74 F
PROPERTY 38 70 270.68 166.31 436.99 4.83 2.09 0.74 F
PROPERTY 39 59 3552  162.82 51802 582 2.68 0.95 F
PROPERTY 40 62 300.36 161.96 47132 5.25 2.43 0.86 F
PROPERTY 41 60 34442 16282 507.24 569 2.6 0.91 F
PROPERTY 42 60 37198 16563 537.61 6.06 2.62 0.83 F
PROPERTY 43 59 349.23 162.82 512.06 575 2.64 0.88 F
PROPERTY 44 589 355.88 162.82 518.7 5.83 2.71 0.91 F
PROPERTY 45 59 3218 159.88 481.68 5.38 2.66 0.91 F
PROPERTY 46 51 272.04 148.93 42097 4.63 2.99 0.85 F
UROPERTY 47 50 285.55 148.93 434.48 4.63 3.14 0.85 F
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[_ PRIVATE RENTED PROPERTIES REQUIRED SAP RATINGS = 80/81/82/83/84/85
c

PROPERTY NO  SAP SPACE OS\;i 1£-EYREAB|-OTAL O, :AE;ATI\;.E%SESR AIR :AHTI.\ENGE PASPS/:-!:AIL
PROPERTY 48 54 329.09 15613 48522 4.8 2.94 0.92 F
PROPERTY 49 69  508.9 189.06 69796 5.42 2.24 0.68 F
PROPERTY 50 66 378.93 173.13 55206 8.02 2.35 0.85 F
PROPERTY 51 §9 590.29 18262 77291 16.08 2.16 0.82 F
PROPERTY 52 73 45659 189.06 64565 7.38 21 0.85 F
PROPERTY 53 59  355.8 163.07 51887 5.83 2.69 0.91 F
PROPERTY 54 65 35209 169.04 52113 5.86 2.34 0.97 F
PROPERTY 55 64  359.8 169.04 52884 595 2.38 0.9 F

As it can be seen from the charts (figure 5.8, 5.9 and 5.10), properties 23 and 51
have shown extreme results on both carbon dioxide output and total energy use. This
is due to the size of these properties being extensively larger dwellings compared to

others in this case study. In contrast, SAP ratings for same dwellings remain below

average energy rating (61) within these properties analysed.

Figure 5.8: Current SAP Ratings of the Properties Analysed. (Generated 2002)
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Figure 5.9: Predicted CO, Emissions in these Properties. (Generated 2002)
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Figure 5.10: Estimated Energy Costs for Heating in these Properties. (Generated 2002)

ENERGY COSTS

This emphasises the predominance of SAP ratings, which is mainly between 50 -
70, due partly to the CO, emissions. Analysis of house conditions shows that, average
SAP rating is 61, below required by the building regulations. In relation with the age
of the property, it is estimated that during the Industrial Revolutions of the 18th and
19th centuries, there has been a massive increase in housing, which on average, 50%
of private rented housing could be solid wall dwellings. It is also stated that around

two thirds (66%) of solid wall dwellings are owner-occupied, with only 18% in the
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social rented sector, and 16% in the private rented sector. This has implications both
for the way improvement of solid wall housing is marketed and for solving the

problem of fuel poverty (Leather and Morrison, 1997).

The key problem is that solid wall homes are generally energy inefficient. Some
very thick walls retain heat and protect from extremes of temperature, but the age of
these homes means that there is often a problem with damp, either through floor
construction or inability to provide an effective damp course. Energy efficiency of a
house is shown by its energy rating (SAP rating), which nominally runs from 0 to
100, but because it is a calculated figure rather than a scale, highly energy efficient
homes can achieve ratings of 105 or more. For more detailed information on SAP

Calculations (i.e. the method of calculating the rating, form of a worksheet and the

series of support tables), see appendix A.

For the solid wall building, adding gas central heating leaves it below the national
average. As SAP rating is also an indicator of the amount of expenditure needed to
keep the dwelling warm, it can be seen that introducing better insulation has a far
greater effect in raising the SAP rating and reducing the amount spent on fuel than
just switching fuels. However, when considering climate change and carbon dioxide
emissions, whilst insulation reduces CO; emissions by over 40%, just switching fuels
makes a difference of more than 50%. Nevertheless, performing both reduces
emissions by over 70%. It is likely that a programme that concentrated on installing
gas central heating in homes would also be required to increase the loft insulation
where possible and fit other measures such as draught proofing. It would be useful to
have some fuller modelling of these scenarios based on actual numbers of homes that

could be addressed by different measures, such as that carried out within privately

rented dwellings in Sheffield.
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Table 5.4: Comparison of SAP Ratings and CO, Emissions with respect to

Double-Glazed and Central-Heated Properties. (Generated 2002)

SAP CcoO SAP CcO

Pro A . T2 2

perty Ratings | Emissions Property B Ratings | Emissions
No Insulation or No Insulation or
Double Glazing; -
Gas Central Heating and 50 531 lls)lou:)l'e g:azmg,H ) 53 19.46
Single Point Hot Water ectric Storage Heater
Fabric Modifications 58 443 Fabric Modifications 60 16.35
Heating and Hot Water Heating and Hot Water
Modifications 64 3.87 Modifications 64 17.49
Full Modifications; Full Modifications;
Fabric, Solar, Vent, 80 2.68 Fabric, Solar, Vent, 78 11.98
Heating and Hot Water Heating and Hot Water

To summarise, properties with solid walls, of non-traditional construction types

and/or off gas network are mostly have SAP ratings below average. There are

insulating and/or heating solutions that can improve the SAP ratings and reduce the

amount of CO;, emitted through inefficient use of fuel. Sample dwellings in table 5.4

have been chosen from within privately rented properties examined.

Table 5.5: Example Details of Modifications to Original Base Design. (Generated 2002)

8. FINAL MODIFICATIONS
Fabric/Solar/Vent
Heating/Hot water

PROPERTY C
DESIGN OPTIONS SAP
BASE DESIGN 58
1. BASE + FABRIC MOD. 64
2. BASE + HEATING MOD. 67
3. BASE + HOT WATER MOD. 62
4. BASE + HEATING AND 72
HOT WATER MOD.
5. BASE + VENT. MOD. 60
6. BASE + FABRIC AND 70
AND VENT.
7. BASE + SOLAR MOD. 60
84

TARGET U VALUE COMPLIANCE SAP <60 0.55
TARGET U VALUE COMPLIANCE SAP >60 0.62

COSTS £ YEAR

SPACE WATER TOTAL
361.72 162.82 §24.54
295.64 162.82 458.46

276.6 162.82 439.42
374.88 108.8 483.68
286.66 108.8 395.46
338.03 162.82 500.85
244.18 162.82 407
335.48 162.82 498.3
197.37 108.8 306.17

REQUIRED SAP RATING = 85

CO;

5.9

5.09

4.86

5.4

432

5.61

4.46

5.58

323

ACHIEVED U VALUE BASE
WITH FABRIC MODIFICATION 0.44

HEAT LOSS AIR CHANGE
RATE

PARAMETER

2,76

2.37

2.76

2.76

2.76

2.62

2.06

2.59

2.06

0.61

0.83

0.83

0.83

0.83

0.83

0.7

0.7

0.83

0.7
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Table 5.5 shows the various modifications undertaken to the base design (potential
energy efficiency improvements) and the results on energy costs and ratings
consequently. This sample base design is chosen from within privately rented
properties examined. Design options shown on the following charts (figures 5.11,

5.12 and 5.13) are described on table 5.5 in more detail.

Figure 5.11: Change in SAP Ratings. (Generated 2002)
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Figure 5.12: Change in CO, Emissions. (Generated 2002)
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Figure 5.13: Change in Total Energy Costs for Heating. (Generated 2002)
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The following figure 5.14 shows an example SAP worksheet (page 6) calculated
by the use of Stelrad SAP calculation program. Within this worksheet, results of this
sample calculation can be viewed in section 12 (see figure 5.14). Results presented

include Energy Cost Rating (SAP rating) and Target U-Value.
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Figure 5.14: Example of Stelrad Home Assessment

Rating Procedure Results (Page 6) . (Generated 2002)

SAP (Standard Assesment Procedure) Results
9. Space Heating Requirements
GJ/Year
Energy Requirements 57.56
Fraction of Heat From Secondary System 0.00
Efficiency of Main Heating Systems 65.00
Efficiency of Secondary Heating Systems 0.00
Space Heating Fuel (Main) 88.55
Space Heating Fuel (Secondary) 0.00
Electricity for Pumps & Fans 0.47
10. Fuel Costs
GJ/Year Fuel Cost £/Year
Space Heating - Main System = B8.55 «x 4.26 anr2
- Secondary System = 000 x 0.00 0.00
Water Heating Fuel Cost £/Year
Water Heating Cost = 2580 «x 428 = 109.89
Pump/Fan Energy Cost = 047 x 21.08 = 991
Additional Standing Charges 3800
Total Heating 535.01
11. Energy Cost Rating
Energy Cost Deflator 0.96
Energy Cost Factor (ECF) 3.79
SAP (57.15) 57
12. Results
SAP Energy Cost Rating Fail
Target Ulvalue Fail
Elemental Method Fail
13. Elemental Method
Regs. Actual Regs. Actual
Area % Area % W/m*K Wim*K
Exposed Wall 0.45 030
Semi Exposed Wall 0.60 -
Exposed or Ground Floor 0.35 0.80
Semi Exposed Floor 0.60 -
Roof, pitch < 70 deg 0.20 1.00
Roof, pitch > 70 deg 0.35 -
Flat Roof 0.20 -
Windows, doors & rooflights 15.50 12.00 4.15 4.15
14, Target Uivalue Method
Area (m?) Adjust W/m?K
Total floor area 125.00
Total area of exposed elements 412.50
Window adjustment (m?) -
Meating adjustment % (see note) 0.00
Target Uivalue 053
Final target Uivalue (see note) 0.53
Actual Upvalue 0.57
15. Carbon Dioxide Emissions from Fuel Use )
Energy Emission Emissions
GJfYear Factor kG/Year
Water heating 2580 x 52 = 134138
Stelrad Home Assessment Rating Procedure Page 6
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3.5 Feedback Reports for Landlords/Landladies

Feedback reports have been compiled for each property owner to show the current
conditions and energy standards of their property and determined to suggest potential
energy efficiency improvements when considering refurbishments (see appendix A
for more detailed information). In these summary reports, it is also stated that the
government is determined to ensure that the thermal efficiency of housing (and also
non domestic building) is improved and their intention is to introduce a ‘Home
Sellers/Buyers Pack’ in which the energy efficiency of the dwelling would have to be

given (see following section 5.6 for more information about the Home Information

Report).

With the data compiled through case study analysis and property owners’
contribution, the author has developed a database of the ‘local’ current situation and
therefore can provide a benchmark figure against why potential improvements can be
determined. This will not only help to encourage energy efficiency standards
throughout the private housing sector, but also accelerate the necessity of

improvements and consultancies in the domestic sector.

Furthermore, each feedback report compiled have been supplied with information
on general recommendations for immediate savings in privately rented properties and
questionnaire to find out how often they were informed about energy savings and
whether they would act on it accordingly. By this, it was aimed to bring evidence to
the case that there is still a knowledge gap between the energy efficiency technologies

available and the property owners, which is considered as one of the main barriers in

this research.

5.6 Home Information Pack

The UK government is committed to making it easier for people buying and
selling homes in England and Wales through a new seller’s pack proposed as the
‘Home Information Pack’. Introducing the Home Information Pack (HIP) is a key
part of a package of measures to reform the home buying and selling process.
Legislation to introduce the pack was first introduced to the House of Commons on

12 December 2000 in the form of the Homes Bill 2001. However the Bill was unable
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to complete its passage before Parliament was dissolved for the 2001 General
Election. Legislation is being reintroduced as part of the draft Housing Bill published
on 31 March 2003 for consultation. The legislation will require homeowners or their
selling agents to have a Home Information Pack when marketing homes for sale, and

to make a copy of the pack available to prospective buyers on request (ODPM, 2003).

The HIP programme to improve the energy efficiency of the housing stock tends to
be driven primarily either by the need to reduce carbon dioxide emissions or the need
to improve living conditions for the health and well-being of the occupants. As part of
the commitment to improve the home buying and selling process, the Lord
Chancellors Department has brought in the Land Registration Act 2002, which will
modernise the land registration system and prepare the way for electronic
conveyancing. With electronic conveyancing brought forward, it is aimed to

complement the proposals for Home Information Pack and therefore speed up the
conveyancing process thereafter. Taken together, both of these measures will help

create a faster and more efficient home buying and selling system (ODPM, 2003).

If the Home Information Pack legislation were to be introduced, it will require
sellers of residential properties in England and Wales, or their agents, to make a
Home Information Pack available before marketing homes for sale, and to make a
copy of the pack available to prospective buyers on request. The Home Information

Pack is likely to contain the following documents, most of which are currently
provided later in the sale:
» Terms of sale.

* FEvidence of title.

* Replies to standard preliminary enquiries made on behalf of buyers.
Copies of any planning, listed building and building regulations consents and

approvals.

» For new properties, copies of warranties and guarantees.
= Any guarantees for work carried out on the property.
s Replies to local searches.
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* A home condition report based on a professional survey of the property,

including an energy efficiency assessment.

Additionally, for leasehold properties, it will include a copy of the lease; most
recent service charge accounts and receipts; building insurance policy details and
payment receipts; regulations made by the landlord or management company; and

memorandum and articles of the landlord or management company.

Furthermore, it has been also proposed in the Consultation Paper published on
March 2003 that the Home Information Pack should contain an objective report on
the condition of the property, which is the Home Condition Report (HCR) and should
be prepared by the home inspector qualifying under a certification scheme approved
by the Secretary of State. The report should also include an energy efficiency

assessment compliant with EU Directive 2002/91/EC (Energy Performance of

Buildings Directive) (ODPM, 2003).

The Home Condition Report would detail the current SAP rating of the dwelling
and purpose the adoption of specific energy efficiency measures to increase this
rating, potentially reducing fuel bills and CO, emissions. The aim of the HCR is to
provide home sellers, buyers and lenders with an objective report on the condition
and energy efficiency of the home that they can rely on. It will focus on
communicating fuel costs and resulting financial savings as a means to motivate, with
associated carbon savings presented as a secondary piece of information. The ultimate
effect of the HCR is therefore to abate carbon dioxide emission and reduce effects of
global warming. This report can be very effective as it has the benefits of creating
more comfortable homes, which are affordable to heat, gives people a means for

comparing homes in terms of energy efficiency and provides a benchmark figure with

which to work.
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5.7 Conclusion

As recent statistics stated the state of UK Housing, particularly the privately rented
sector, the results of these case studies carried out in this research have once again
shown that most of privately rented properties are in poor conditions (Revell and
Leather, 2000) - below energy rating (SAP) required by the building regulations, and
therefore there are potentials for energy efficiency improvements. This case study
contains comprehensive reports compiled (feedback reports) for each property owner
(Iandlord/landlady) participated in the survey on the condition of their property and
potential energy efficiency improvements in their dwelling. These feedback reports
put together also include current SAP ratings of the properties and other energy

efficiency measures such as high-efficiency lighting, etc.

Privately rented properties targeted are university-registered properties with close
links to the university housing community and operate under the control of the
housing services department. In addition, majority of these properties registered to
comply with the ‘Responsible Landlord Scheme’ provided by the City Council and
therefore required to meet specified qualifying ‘fit and proper’ criteria. The results
from property condition reports compiled in this survey have also been discussed

with the university housing authorities and put forward for future references.

Having chosen university-controlled properties for this case study would therefore
help to utilise the university authority to take action effectively and play a key role in
guiding energy efficiency improvements within privately rented properties. With
university authority, potential improvements in these properties can be encouraged
and implemented much effectively, whilst existing legislation and policies are
inoperative to enforce retrospective energy standards in existing dwellings. Moreover,
this has a negative impact on the privately rented sector and can also be seen as a
major barrier. Therefore, this is an opportunity that will not only increase energy
standards of the housing stock in Sheffield, but also help to achieve the rate of
improvement required by the Home Energy Conservation Act 1995 and reduce the

overall energy consumption caused by the existing housing stock in the country

accordingly.
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As widely known, the technical expertise exists to enable energy efficicncy
improvements to be carried out, however success not only rests on the technical
knowledge, but also demands political and governmental support. Moreover, a recent
study indicates that the HECA 1995 is unlikely to achieve a 30% improvement in
energy efficiency in homes by 2010 given that the progress has been slow and largely

occurred in the public sector where this only constitute a dwindling minority of the
stock (DETR, 1999).

On the other hand, local authorities can only have a little influence on the private
sector, which accounts for the majority of the stock, and this therefore remains a great
challenge for the government, whilst there is no enforced legislation of energy
standards in the private sector. Thus, this research has focused on the privately rented

properties that accounts for about 15% of the total housing stock and demonstrates

one of the worst conditions of housing standards in the country (Revell and Leather.

2000).
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Conclusion

1. Introduction

The aim of this research has been to investigate one important aspect of the built
environment, which is energy efficiency improvements and reduction of carbon
dioxide emissions in the domestic sector. This research has reached the conclusion
that there are great potentials for improving energy efficiency and reducing carbon
dioxide emissions in existing housing in the UK, particularly in privately rented

sector, such as the case studies carried out in Sheffield.

The results of this research has helped to develop a database of the ‘local’ current
situation. By choosing university-controlled properties, this has assisted to utilise the
university authority to take action effectively and play a key role in guiding encrgy
efficiency improvements in these properties. This will not only help to encourage
energy efficiency standards throughout the private housing sector, but also accelerate

the necessity of improvements and consultancies in the domestic sector, particularly

in privately rented sector.

2. Conclusion

To summarize some of the important conclusions defined from this research with
response to the original research aims and objectives:

» To provide a database of the current conditions and energy standards of

privately rented properties.

As explained in chapter 5, feedback reports have been compiled for each property
owner to show the current conditions and energy standards of their property and
therefore suggest potential energy efficiency improvements when considering
refurbishments. The case study analysis and results have helped to develop a database

of the ‘local’ current situation. They provide a benchmark figure of possible
improvements which if carried out could contribute significantly to the overall

improvement programme within privately rented sector in the UK.
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* To investigate potentials for energy efficiency improvements and reduction

of carbon dioxide emissions in the privately rented sector.

As one of the main aims, this research has investigated potentials for energy
efficiency improvements and reduction of carbon dioxide emissions in the privately
rented sector, and as a result, it has been concluded that there are great potentials for

improvements particularly in this sector, such as the case studies undertaken in

Sheffield.

= To evaluate and review energy and environmental assessment methods, and

their applications in terms of energy efficiency and carbon index (CI).

As explained in chapters 3, existing building energy and environmental assessment
methods have been evaluated and reviewed. Furthermore overall comparison was
presented to be more familiar with these tools and techniques currently available and

their applications concerning energy efficiency and carbon dioxide index.

* To identify a way of cost effective modifications to dwelling base designs

which can improve energy efficiency within privately rented properties.

As described in chapter 5 in more detail, modifications were made to base designs
to identify potential cost effective improvements in these properties. These have been
analysed to estimate the full savings on the increased energy standards of these
dwellings. The modifications identified as follows: Fabric (improve wall and roof
insulation); solar gain (PVC-U frames and Low e glazing), ventilation (additional

mechanical vents), space heating and water heating (new high-efticiency boiler and

radiators).
» To develop case study results that can be used by landlords/landladies to
encourage energy conservation.

This research is not only a reminder of energy conservation for those who were
involved in the built environment, but also a database developed of the ‘local’ current

situation providing checklist for both university housing services and property owners

to help increase energy standards of these properties examined.

117




Conclusion

* To promote general recommendations for immediate energy savings

throughout privately rented properties.

The research in a form of a comprehensive report will be submitted to the
Sheffield City Housing Unit with an aim to help keeping up to date records of
privately rented properties i.e. conditions and energy standards in Sheffield. This

information can also be useful for HECA team to help tackle energy related problems

in other existing dwellings in the city and meet its overall target.

3. Discussion

As chapter 5 stated, research results according to the research hypothesis indicates

that privately rented properties in Sheffield have significant potentials for energy

efficiency improvements.

In the UK, more than twenty-five years of research efforts have produced broad
understanding of the implications of the energy use and developed energy strategies
and technologies with significant potential for energy savings. These strategies and
technologies have not been effectively transferred to the building design community
and as a result, there has been a knowledge gap, which provided property developers
designing without any energy-related considerations or environmental concerns. This
again is one of the main reasons why the majority of domestic buildings in the UK

are still designed with no further concerns to environmental issues or energy

efficiency beyond those required by national building regulations.

According to the recently published English House Condition Survey, there is
considerable scope for improvements in energy efficiency and thermal performance
of the housing stock. The vast majority of the existing housing falls well below
modern building regulations and standards with average SAP rating being 51. The
housing stock is inefficient due to designing without any energy related
considerations and other problems mentioned above. Many existing dwellings are not
only physically capable of being made energy efficient, but also not physically
capable of being brought up to a high SAP rating with heating and insulation
measures available. Large number of households are lacking affordable warmth,

especially households in council and privately rented housing across the country.
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Energy efficiency programmes often form a core element of local strategics for
sustainable development as they deliver social, economic and health benefits as well
as reducing housing management costs and helping the environment. Looking at
some of the energy efficiency design schemes carried out in the UK in the last ten
years, it is anticipated that these low-energy houses will influence the design of
housing in the near future. Domestic buildings will therefore have less impact on the
environment, considering that sustainable green design issues are incorporated at the
design stage. This should be also enforced by the building regulations and supported

through existing energy and environmental assessment methods for buildings.

As sustainable design has become an important issue to achieve this there must be
a significant reduction in carbon dioxide emissions and the amount of energy
consumed in buildings. In this research, properties examined can be utilised to
illustrate the potentials for energy efficiency improvements and by some means

encourage property owners to increasing the energy standards of these dwellings.

4. Recommendations

An important incentive to the use of the building energy and environmental
assessment methods more effectively is the need to improve energy efficiency and
reduce carbon dioxide emissions in the country. In housing, this could contribute
significant proportion of the total energy use and therefore help tackle crucial issues

such as affordable warmth and fuel poverty in existing stock, as well as help the UK

meeting its international target.

It is obvious from the case study results that the privately rented properties are
below energy standards required by the building regulations and implementing energy
efficiency improvements suggested within feedback reports compiled can therefore
reduce the energy consumed in these dwellings. Overall, it should be emphasized that
most of the energy efficiency improvements suggested are very cost effective and the
payback time on these dwellings are significantly short. It is an important fact that if
these improvements were to be implemented, both property occupiers and owners

will benefit equally; especially when considering the forthcoming Government’s
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Home Information (Sellers/Buyers) Pack and EU’s Energy Performance of Buildings

Directive (EPBD).

On one hand, for occupier, since the property would be consuming less energy
there will be significant energy savings, which would be beneficial for longer tenancy
considering affordable warmth and utilities. On the other hand, for owners, the
property energy rating would be higher. The higher the energy rating, the better the
energy performance of the property, which is again lower carbon dioxide emission

and therefore less impact on the environment; that could well be used as a marketing

strategy in the near future.

Moreover, the government is determined to ensure that the thermal efficiency of
housing (and also non domestic building) is improved and their intention is to
introduce a Home Information (Sellers/Buyers) Pack in which the energy efficiency
of the dwelling would have to be given. This can be therefore seen as boost for

improvements in the private sector and against why potential improvements can be

determined.

5. Further Research

It is evident from the previous discussions in this thesis that further work is
necessary, particularly in the private sector where there is no legislation to enforce
retrospective energy standards of housing. This is an exceptional opportunity which
would not only increase overall energy standards of existing housing stock in the UK,
but also help achieve targets set by the Home Energy Conservation Act 1995 and
enhance the overall rate for energy efficiency improvements in the country

accordingly. This will consequently contribute to reducing carbon dioxide emissions

consumed by the domestic buildings.

Work in this area may be expanded in a number of different ways. Some
suggestions for further research emerge from this research:

s The focus of this study was on privately rented housing sector. The extension

of the study for improving energy standards and suggesting guidelines for
other tenures of housing (owner occupied, local authority/housing association

and council housing) are also important. Parameters such as housing
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conditions, both space and water heating and other issues can also be looked

at in other tenures.

Energy efficiency measures could be particularly included within presently
undertaken schemes, such as Responsible Landlord and Accreditation
Schemes to accelerate the energy efficiency improvements in the private
sector and therefore help achieve national targets more rapidly. Similar case
studies can also be carried out such as undertaken in this research in Sheffield

within properties registered with similar schemes in the country.
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Glossary of Terms and Abbreviations

Terms and Definitions

Age of Dwelling

Central Heating System

Decent Homes

Double Glazing

Dwelling

The age of the dwelling refers to the date of

construction of the oldest part of the building.

A heating system with a distribution system sufficient
to provide heat in at least one room in addition to the
room or space containing the boiler. This definition
also includes electric storage heaters, which run on
off-peak electricity, and programmable gas convector

heaters.

A decent home is one that satisfies all of the following
four criteria:

- It meets the current statutory minimum standard for
housing — at present this is the fitness standard.

- It is in a reasonable state of repair.

- It has reasonably modern facilities and services.

- It provides a reasonable degree of thermal comfort.

Factory made sealed window units. Does not include
windows with secondary glazing or external doors
with double or secondary glazing (other than double

glazed patio doors, which count as two windows).

A dwelling is a self-contained unit of accommodation
where all rooms and facilities available for the use of
the occupants are behind a front door. For the most
part a dwelling will contain one household, but may

contain none (vacant dwelling), or may contain more

than one (HMO).
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Energy Efficiency

Fixed Heating

The energy efficiency of an individual dwelling can be
described in terms of an energy cost rating. Iincrgy
cost ratings in general gives a measure of the annual
unit energy cost of space and water heating for the
dwelling under a standard regime, assuming specific

heating patterns and room temperatures.

The energy cost rating used throughout this report is
the Government’s Standard Assessment Procedure
(SAP). This is expressed on a scale of SAP ratings
where the higher the number the better the standard.
The energy cost rating (SAP) takes into account a

range of factors that contribute to energy efficiency

which include:

- Thermal insulation of the building fabric.

- Efficiency and control of the heating system.

- The fuel used for space and water heating.

- Ventilation and solar gain characteristics of the
dwelling.

It is not affected by the individual characteristics of the
houschold occupying the dwelling or by the

geographical location.

Heating that is physically fixed to the wall, connected
via a gas point or fused spur. It also includes open
fireplaces, which are capable of use with minimum
effort (not permanently blocked), any heater that feeds
a back boiler, ‘Aga’ type cookers or ranges, which also
emit heat into the room, and large, heavy dimplex
radiators, which are impossible for a single person to

carry easily from room to room.
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Floor Space

Household

Poor Housing

Poor Neighbourhoods

The usable internal floor area of the dwelling as
measured by the surveyor, rounded to the nearest
square metre. It excludes integral garages, balconics.
stores accessed from the outside only and the area

under partition walls.

One person living alone or a group of people who have
the address as their only or main residence and who

either share one meal a day or share a living room.

Poor housing refers to dwellings, which suffer from

any one or more of the following problems:

- Assessed as being statutorily unfit for human
habitation in ‘substantial disrepair’, where ‘urgent’
repairs are required to bring them to a satisfactory
condition. ‘Urgent’ repairs are those where the work
needs to be undertaken to prevent further significant
deterioration in the short term.

- Requiring ‘essential modernisation’, where any one
or more of the following apply: Kitchen facilities are
more than 30 years old; electrics do not have all
modern components; or there is no fixed space heating

(i.e. the household relies on portable heaters only).

Poor neighbourhoods refer to local areas where the

surveyor visually assessed whether any one or more of

the following problems apply:

- Over 10% of dwellings in the local area are visually
assessed to be seriously defective.

- The presence of serious problems related to any of
the following: Vacant sites or derelict buildings; vacant
or boarded up buildings; litter, rubbish or dumping;
vandalism; graffiti or scruffy buildings, gardens or

landscaping; neglected buildings.
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- Very poor visual quality of the local area.

Private Sector Housing Housing occupied by private owners (with or without

a mortgage) and privately rented housing.

Programmable Heating Electric storage heaters, which run on off-peak
electricity and programmable gas convector heaters. In

practice, 98% of the heating covered by this term is

overnight storage heating.
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Abbreviations

BEPI
BRE
BRECSU

BREDEM

CCL
CFCs
CH,
CHP

C1
CIBSE
CO,
DEFRA

DETR

DOE
DTI
EC
ECAs
ECF
EDAS
EDSL
EEC
EEBPP
EEO

Building Energy Performance Index
Building Research Establishment

Building Research  Establishment  Conservation
Support Unit

Building Research Establishment Domestic Energy
Model

Climate Change Levy
Chlorofluorocarbons

Methane

Combined Heat and Power

Carbon Index

Chartered Institution of Building Services Engineers
Carbon Dioxide

Department for Environment, Food and Rural Affairs

Department of the Environment, Transport and the
Regions

Department of the Environment
Department of Trade and Industry
European Commission

Energy Conservation Authorities

Energy Cost Factor

Energy Design Advice Scheme
Environmental Design Solutions Limited
Energy Efficiency Commitment

Energy Efficient Best Practice Programme

Energy Efficiency Office
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EESoP
EHCS
EPBD
EST
ETSU
EU
GJ
GW
GWP
GtC
HA
HARP
HCR
HECA
HIP
HLP
HMSO

HMO

IEA
1IES

IPCC

KW
KWh

LA

Energy Efficient Standards of Performance
English House Condition Survey

Energy Performance of Buildings Directive
Energy Savings Trust

Energy Technology Support Unit (A Part of the DTI)
European Union

GigaJoules (= 1000 Million Joules)
GigaWatt (= 1000 Mega Watts)

Global Warming Potential

Gigatonnes of Carbon

Housing Association

Home Assessment Rating Procedure

Home Condition Report

Home Energy Conservation Act (1995)
Home Information Pack

Heat Loss Parameter

Her Majesty’s Stationery Office

Houses in Multiple Occupation

International Energy Agency
Integrated Environmental Solutions

Inter-Governmental Panel on Climate Change

Joule
KiloWatt (= 1000 Watts)

KiloWatt hour: Unit of Electrical Energy - One
Kilowatt of Electrical Power Provided for One Hour.

The Basic Unit of Electrical Sales.

Local Authority
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LDCs

LEACs

mtoe
N,O
NHER
ODPM
OFGEM
ONS
00
OPEC
PCTs
PIU
PJ
PLEA
PR

PV
RCEP
RSL(s)

SAP

SO,
SRES
TAS
toe
T™W

UN

Less Developed Countries

Local Energy Advice Centres

Million

Million Tonnes of Oil Equivalent

Nitrous Oxide

National Home Energy Rating

Office of the Deputy Prime Minister Publications
Office of Gas and Electricity Markets

Office for National Statistics

Owner Occupied

Organisation of Petroleum Exporting Countries
Primary Care Trusts

Performance and Innovation Unit

Petaloules ( = 10" Joules)

Passive and Low Energy Architecture

Private Rented

Photovoltaics

Royal Commission on Environmental Pollution

Registered Social Landlord(s)

Standard Assessment Procedure (for Measuring
Energy - the Efficiency of Houses)

Sulphur Dioxide

Special Report on Emission Scenarios
Thermal Analysis Software

Tonnes of Oil Equivalent

TerraWatt (= 1000 Giga Watts)

United Nations
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UNCED

UNEP
UK

US
VOCs
WCED
WMO

United Nations Conference on Environment and
Development

United Nations Environment Programme

United Kingdom

United States

Volatile Organic Compounds

World Commission for Environment and Development

World Meteorological Organization
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Appendix A

Questionnaire

This questionnaire is aimed to find out the conditions of ‘Private Rented

Accommodation’ in Sheffield.

QUESTIONS ANSWERS PROPERTY 1{PROPERTY 2|PROPERTY 3|PROPERTY 4II’R()I’I-IR'I‘\' 5
Qt: A Please tick boxes for each property
: Address of the property? andwrite property’s address below. Address | Address 2 Address 3 Address 4 Address §
House (¢.g. detached, terraced, etc.)
Q2: Type of the property? Flat (e.g. purpose-built or converted) o
Bungalow
One
Two
Q3: Bedroom number of the property? Three
Four
More than “Four’
Pre 1900 . ]
1900-1944 S
Q4: What age is the property? 1945-1964
1965-1990 ]
Post 1990
Gas Central
N . Local gas fire
: W T T
gcs or o:ea:tyt};pe of heating is used in Electric Storage heaters
’ Electric bar
Others
Programmer and time switch -
Q6: If 'Gas Central Heating', which Room and cylinder thermostats
controls does it have? Zone controls
Thermostatic radiator valves
Q7: Docs this property have wall YNCS
msulation? Don’t know
. . Yes
08: Does this property have floor No
insulation? .
Don’t know
. Yes T -
_Q9: Does this property have roof No
insulation? Don't know T
. Yes S
Q10: Does this property have draught No ]
stripping? Don’t know

—
‘@
N
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. Full

Ql!: Does this property have double- Pan?al

glazing? None

From gas central heating

. Electric immersion heater

Q12: How is the hot water generated? individual gas fired units

Other

Time clock

Q13: Controls for hot water? Thermostat

None

Electricit

QM_: What does the property use for e ngaz

cooking? Other

Yes

QIS: Does the property have low No

energy lighting? Don‘t know
PROPERTY 1

172}
2 PROPERTY 2
g PROPERTY 3
s: PROPERTY 4
PROPERTY §
Would you like to receive a summary of O Address:
the responses, please tick:

Thank you very much for your time. Please return this form to Mr H. Altan in

the prepaid envelope provided.
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Cover Letter (Housing Services Support)

THE UNIVERSITY OF SHEFFIELD

Housing Services

12 Claremont Crescent
Sheflicld S10 2TA

Tel: 0114 222 6058

Fax: 0114 222 0289

Email:  b.birchi@shef ac.uk

Accommodation and Catering Services

Acting Head: Geoff Flower ACIS

i7r

{
L)

T
=
O

l

GAF/DK/BB

|
l
i

Datc as Postmark

Dear Landlord/Landlady

Forum for University Registered Landlord/Landladies

Further to our December 2002 Newsletter, I write to confirm that the sixth Forum for Registered
Landlords will be held on Monday 15th April 2002 at 7.00pm. The venue for the Forum will be the
Sentor Common Room, Level 5, at University House. Please note that University Housc is adjacent
to the Umion of Students on Western Bank.

The agenda for the Forum has not yct been finalised but it is hoped to include a presentation by
Environmental Housing of Sheffield City Council on the citywide ‘Shefficld Standard’ which was
recently launched for consultation with Sheffield Landlords.

An opportunity will be given aficr this presentation for Landlords/Landladies to raise any appropriatc
questions, relating to the “Sheffield Standards’. Following a break for refreshments it is planned to
include an open session with questions from the floor to members of Housing Scrvices staff on any
matter relating to the private rented sector. It is also hoped that representatives from the Union of
Students and Endsicigh Insurance will be in attendance. The Forum will then finish at 9.00pm. Hut

members of staff from Housing Services will be around until 9.30pm.

Please note that a detailed agenda will be circulated in early Apnl to all registered Landiords who
indicatc that they wish to attend the Forum.

If vou are interested in attending pleasc complete and return the attached slip to:

Barbara Birch, Housing Scrvices, 12 Claremont Crescent, Sheffield, S10 2TA

Please Note that due to firc safety considerations, places at the Forum are limited and all
applications will be treated on a “first come first served” basis. Attendance at the Forum will be

strictly himited to Invitation Holders Only.
Finallv. we have recently been approached by one of our students. Mr Hasim Altan from the School
of Architectural Studics. who is conducting PhD research on cnergy cfficieney in the private rented

sector in Shetficld. Mr Altan has produced a bricf questionnaire and | very much hope that you will
be able to assist with this research by spending a few minutes to completc this questionnaire for vour

property/propertics
Please Return All Completed Questionnaires To Mr Altan In The Pre-Paid Envelope Provided.
Plcasc note that all data will be held in accordance with the data protection act and the survey will be
carried out in such a wav that no individual property will be identificd. Your assistance in this matter
will be greatly appreciated

Yours sincerels

a

)
Yoo

ol

N
Mr G A Flower
Acting Head of Accommodation and Catering Scrvices
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Investigation Sample (Property No: 89/90)

Ruestionmnalre

d out tihe conditions of Private Rented Accommodation” i She

THLS Questionnd

QUESTIONS ANSW ERS PROPERTY | PROPERTY 2| PROPERTY 3 PROPERTY 4 PROPS RIV S

" Please tick boxes for cach property) |
Q1 Address of the propen e DOXEYOr GROR PrARTIEL  Adddress | 2 | Auddt Vddies i
and write property s adidress below. { M ;
I
|
Q2: Tupe of the propen + o I | )
—— 4 ! /R——

Q3: Bedroom number of the propert

Q4 What age (s the prog =
|
Q3: What type ol heatng 1$ usey in the MR SPPESI— Y NN S
propern ) R
Q6: it 'Cas Central Heanny . which | Ro - H e, (SR,
controls does it have?
operty have &3 el 3 P,
msulation® :
08: [ s have flo S H—
insulal = =
]
Q9: Does th —_ ¢ Yest | ;
: Does this prope IV 100! Na 7 '7‘ T +
msalation N . f— . _— ) S
Don 't know f i
Q10; Does this property have draught S 7 f -
stirpping” 7 +
g Don
vV
Ql I lf-w:sl'm prepeny have doub saprial 7 . - 1
gacng i None[ ™ ! | N
From gas central ':;‘_:’I"i',’____ / 1 v ) U
Q12: How is the hot water generated | o : P
| I Vel i = I
1 i T
'
iV . Time clock! |
; ' z L e
Q13: Controls for hot w [\/. cM » ," Thermostat, ] )
] oY P2 Lo None! T |
£l 1% I v !
Q14: What does the property use for ‘I[ 1
el | wher! T r
o ' 1 B

roperty have low No

QI8!

enerzy i

<
e
|

Dan't know

I
|
|

i PROPERTY | l , o

s { N i

7 PROPERTY 2 |

o I T i L 8 ) S ST I
3 PROPERTY 3

— - - I — . ST -
z

-

PROPERTY 4 > P A T

PROPERTY D

¢ y ihe y I of !
Would you like 1o receive a summary of L-J/ T -
the responses, please tick: | ]

THARE 10w VErW Asn P21 uowr tiree, PLEASE return tats form o 2ar M Altaw bn the Prepaidl tivelope provided
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SAP Calculations

Worksheet Calculations

The method of calculating the rating is set out in the form of a worksheet,
accompanied by a series of tables. A calculation is carried out by completing the
numbered entries in the worksheet sequentially. Some entries are obtained by
calculation from entries already made or by carrying forward an earlier entry;
highlighting is used to indicate where that applies. Other entries are obtained. using

linear interpolation where appropriate, by reference to tables 1 to 14 (see page 149 -

153).

1. Dwelling Dimensions

Dimensions refer to the inner surfaces of the elements bounding the dwelling.
Thus floor dimensions are obtained by measuring between the inner surfaces of the
external or party walls. This measurement should include all internal walls and built-
in cupboards that are accessible from the occupied area of the dwelling. It should also
include porches and conservatories where they are heated and form part of the
habitable space. It should, however, exclude porches and conservatories where they
are not heated and are clearly divided from the dwelling. Storey height is the total
height between the ceiling surface of a given storey and the ceiling surface of the
storey below. For a single storey dwelling, or the ground floor of a dwelling with

more than one storey, the measurement should be from floor surface to ceiling

surface.

2. Ventilation Rate

Chimneys and flues should be entered only when they are unrestricted and suitable
for use. Balanced flues, such as those on many gas boilers and wall-mounted

convector heaters, should not be included. Extract fans, including cooker hoods and

other independent extractor fans should be included in the ‘number of fans’ category.
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but those that form part of a whole-dwelling mechanical ventilation system should be

excluded.

Mechanical ventilation should only be entered if the whole dwelling is served by a
mechanical ventilation system. Many whole-dwelling mechanical ventilation systems
have a heat exchanger to recover heat from the stale air being extracted from the
dwelling. A warm-air heating system with flue heat recovery normally forms part of a

full mechanical ventilation system with heat recovery.

In dwellings that have been subjected to a pressurisation test, steps (11) to (18) of
the calculation may be by-passed. The air leakage at 50 Pa pressure difference,

obtained from the test, is divided by 20 and the resulting value is entered in box (19).

When calculating for a new dwelling for Building Regulations purposes, enter
100% in box (16) for draught stripping of windows and doors. In the same context, it

should be assumed that 2 sides of the dwelling are sheltered and hence the value 2

should be entered in box (20).

3. Heat Losses

The areas of building elements are derived using the same principles as set out in
section 1, being based on the internal footnote dimensions of surfaces bounding the
dwelling. Window area refers to the total area of the openings, including frames. Wall
area is the net area of walls after allowing for windows and doors. Roof area is also
net of any rooflights or windows set in the roof. The ‘other’ category is included
principally to allow for the entry of heat losses to adjoining unheated areas, such as
garages and conservatories. Box (35) can also be used to enter the sum of other heat
losses calculated separately in those cases where there are several types of wall or

roof. Losses or gains through party walls to spaces in other dwellings that are

expected to be heated are assumed to be zero.

U-values for walls and roofs should be calculated using the proportional arca
method given in CIBSE Guide A3. U-values for floors should be calculated using the
procedure described in BRE Information Papers IP3/90 and 1P7/93 and in Appendix

C of the Building Regulations Approved Document L. U-values for windows should
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be obtained from Annex A unless certified manufacturer’s data are available. This

gives values appropriate for the whole window opening, including frames.

4. Water Heating Energy Requirements

Demand for hot water is derived from the floor area of the dwelling and is given in
table 1 (see page 149). The energy required to produce that amount of hot water is
then calculated, taking account of losses in generation, storage and distribution. The
amount of heat released to the dwelling in the process of heating water is also
estimated (‘heat gains from water heating’, box (52)) so that it can be taken into

account in the calculation of space heating requirements.

A distinction is made between instantaneous water heating, which heats water
when it is required, and water heating that relies on storage of hot water in a cylinder
or tank. ‘Primary’ and ‘cylinder’ losses are not entered for instantaneous heaters.
‘Single-point’ heaters. which are located at the point of use and serve only one outlet,
do not have distribution losses either. Gas ‘multipoint’ water heaters and ‘combi’

boilers are outlets, they arc assumed to have distribution losses.

Stored hot water systems can either be served by an electric immersion heater or
obtain heat from a boiler through a primary circuit. In both cases, cylinder losses are
incurred to an extent that depends on how well the storage cylinder is insulated. Table
2 (see page 149) gives factors for calculating cylinder loss for different thicknesses of
insulation. For boiler systems. primary losses are incurred in transferring heat from

the boiler to the cylinder; values for primary losses are obtained from table 3 (see
page 149).

Water heating efficiency is obtained from table 4 (see page 150 — 151). Note that
the efficiency is reduced by 5% for systems that do not have a means of shutting
down the boiler when the hot water of cylinder reaches the required temperature. A
thermostat on the hot water cylinder that controls the boiler via a relay or the

auxiliary contacts on a motorised control valve normally carry out this function.
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5. Internal Gains

Internal gains from lights, appliances, cooking and from the occupants of the
dwelling arc estimated from floor area and obtained from table 5 (see page 151).
Gains from central heating pumps located within the heated space are added to the
value obtained from this table, using the values given in the footnote to that table.
Gains from the fans in a whole-dwelling mechanical ventilation system are also

included but no gains are assumed from individual extractor fans.

6. Solar Gains and Ultilisation Factor

The solar gains entered are typical of the UK average and for dwellings where
orientations are known should be obtained from table 6 (see page 151). Gains for a

particular location not to be used for this purpose, even though they might be

considered to be more accurate for a particular case.

The solar access factor, box (65), is assumed to be 0.4 for a building that has heavy

overshading, 0.7 more than average, 1.0 for average and 1.3 for a building with very
little overshading.

For new dwellings being assessed for Building Regulations, where orientations
have not been fixed, glazed elements should be entered for East/West orientations and

the solar access factor set to 1.

The solar gains are added to the internal gains to give total heat gains. A utilisation
factor is then applied to the gains, which has the effect of reducing the contribution of
gains where they are large in relation to the heat load. This factor calculated from the

ratio of the total heat gains to the specific heat loss of the dwelling and is obtained

from table 7 (see page 152).

7. Mean Internal Temperature

The calculated mean internal temperature is based on the heating requirements of a
typical household, taking account of the degree to which the dwelling is insulated and
how well the heating can be controlled. The average temperature of the living area is

obtained from table 8 (see page 152), using the ‘Heat loss parameter’ (HLP), obtained
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from box (38) in the worksheet, and the type of heating system, obtained from the
‘Heating’ column of table 4a (see page 150). Note that the temperature obtained is
raised in certain cases where the heating controls are poor; such cases are identified in
table 4b (see page 151). This result is adjusted to take account of the level of heat

gains previously calculated in sections 5 and 6 of the worksheet.

The temperature difference between the living area (zone 1) and the rest of the
house is obtained from table 9 (see page 152), using the HLP and the ‘Control’

column of table 4b (see page 151).

Zone 1 is defined as all rooms in the dwelling that are accessible from the living
room without having to open any doors or to go up or down stairs. The fraction (F) of
the dwelling in Zone 1 may be measured or, where appropriate, can be estimated from
the number of rooms in each zone, using the formula:

(1 + number of rooms in Zone 1)

(1 + total number of rooms)

For the purpose of this calculation, all rooms should be counted, but bathrooms

and toilets should only count as half one room each. The hall and landing count as a

single room.

8. Degree-Days

The degree-days depend on the ‘base’ temperature, which is calculated by
adjusting the mean internal temperature to account of the heat provided by gains.

Degree-days for different base temperatures are obtained from table 10 (see page

152), using linear interpolation for intermediate values

9. Space Heating Requirements

The ‘useful’ energy required from the heating system is calculated from degree-
days and specific heat loss. The quantity of fuel or electric energy required to meet
that demand is then calculated, taking account of the efficiency of the space heating

system (obtained from table 4a — page 150). The procedure for dealing with dwellings

that have more than one heating system is described in Annex B. Table 11 (see page
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152) gives the combinations of heating systems that may be used in the SAP, together

with the proportions of heat assumed to be supplied by main and secondary systems.

10. Fuel Costs

Fuel costs are calculated using the fuel and electricity requirements calculated
earlier in the worksheet and prices obtained from table 12 (see page 153). The prices
given in this table are averaged over the previous three years and across regions.

Other prices must not be used for the purpose of this calculation.

11. Energy Cost Rating

An energy cost deflator term is applied before the rating is calculated. The purpose
of the deflator is to ensure that the ratings do not, on average, change with fuel price
changes. The energy cost deflator will be updated periodically, as will the fuel prices

in table 12 (see page 153). The SAP rating is related to the energy cost factor by the
equation:
SAP = 115- 100 x log10 (ECF)
where: ECF = Energy Cost Factor

SAP ratings may also be obtained by using table 14 (see page 153).

The SAP rating scale was chosen to cover a wide spectrum of energy costs, rising
by one unit as cost falls by a constant percentage. A SAP rating of 1 represents a poor
standard of energy efficiency while a rating of 100 represents a very high standard.
With respect to the Building Regulations 1991 (amended 1994), a SAP rating of 60 or
below indicates the need for a higher standard of fabric insulation. A SAP rating of
more than the target specified in table 4 in the Approved Document L is accepted as
showing compliance with fabric insulation requirements, provided the guidance for

limiting U-values and thermal bridging around openings is followed.
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SAP Worksheet

Worksheet Page 1

SAP WORKSHEET (Version - 9.53)

1. Overall dwelling dimensions Area Av. Room Volume

(m?*) height(m) (m")
Ground floor [ Juax [ 1= [ | (1b)
First floor [ Ja) x [ ] = | (2h)
Second floor ] @Gay x| | e | EEL)
Third and other floors C dwm x| ] o= | | (4b)
Total floor arca (1a) + (2a) + (3a) + (da) = i ™

Dwelling volume (m") (Ib) + (2b) + (3b) + (4b) [ l®

2. Ventilation rate
m' per hour

Number of chimneys [ | x 40 = [ (7)
Number of flues = X 20 = ! | (8)
Number of fans and passive vents o s X 10 = e

Air changes per hour

Infiltration due to chimneys, fans and flues

= @ + @® + O + © = [ | (10
If a pressurisation test has been carried out, proceed 10 box (19)
Number of storeys | n
Additional infiltration = oy 1 x 01 = [ 142
75 f st frame
Structural infiltration by B S : ' 13)
0.35 for masonry construction
If suspended wooden floor. enter 0.2 (unscaled) | RS LD
o ’ 0.1 (scaled) ‘
If no draught lobby, enter 0.05 [ —1as)
[ ] a6

Percentage of windows and doors draught stripped
Enter 100 for new dwellings whic h are to comply with Building Regulations

Window infiltration = 025 — (0.2 x (16) + 100) = [ | (17)
Infiltration rate - 1o + (12) + (A3 + (14 + (A5 + AD = | lay
If pressurisation test done. (measured Ly + 20) + (10) = | (1)
else let (19) = (18)
Number of sides on which sheltered | 20
Enter 2 for new dwellings where location is not shown
Shelter factor = 1 — 0.075 x (20) = ____]@v
If mechanical ventilation with heat recovery.
effective air change rate = ((19) x @1 + 017 - 22)
(If no heat recovery, add 0.33 air changes per hour 1o value in box (22))
If natural ventilation, then air change rate = (19) x (21 = | (23)
I6(23) 2 l.then (24) = (23) L)
clse (24) = 0.5 + (23) x 0.5)
125

Effective aunr chunge rate (enter (22) or (24))
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Worksheet Page 2

3. Heat losses and heat loss parameter

Area U-value AxU

ELEMENT (m?) (Wm'K) (W/K)
Doors 1 ox L1 = e
Windows (single glazed) 09 «x [ ] = e ] = i_——_—' 27
Windows (double glazed) 09 x | 17 90x L1 = [ @8
Rooflights 09 x [ ] x [ | = | | (29)
Ground floor 1 x [ = [ZJ60
Walls (type 1) (1 x [ = | 13D
Walls (type 2) 1 x 1 = | | (32)
Roof (type 1) | Lox [ = 16
Roof (type 2) ] x [ = [C_Jes
Other [ ] = [ | (35
Ventilation heat loss = (25) x 033 x (6) = [ | (36)
Specific heat loss = (26) + 27 + . (35 + (36) = | | (37)
Heat loss parameter (HLP) = an + 43 = | (38)
4. Water heating energy requirements

GJ/year

[ (39

Energy content of heated water (Table 1. column (1))

If instantaneous water heating at point of use, enter 0 in boxes (40), (43) and (48), and go to (49)
Y0,
{

Distribution loss (Table 1, column (b))

If no hot water tank (ie combi or multipoint), go 10 (49)

Tank Volume L | 41
Tank loss factor (Table 2) [ ' I 42)
Encrgy lost from tank in Gl/ycar 41 x (42) = [ 1@
If no solar panel, enter 0 in box (47) and go to (48)
Areu of solar panel (m?) [ ]@d
Solar energy available = 13 x (@44) | BRRCH)
Load ratio - @9 + s =[__1 6o
Solar input - @S5) X (46) + (1 + (46) S )
Primary circuit loss (Table 3) ()
Output from water heater = (19) + (40) + (43) + (48) - @n = | _1@9)
Efficiency of water heater (Table 4) % [ | (50)
Energy required for water heating = @) + (50) x 100 = [ 15D
_ 08 x (@ + W + B 4025 x BB - [ 16D

Heat gains from water heating =
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Worksheet Page 3

5. Internal gains Watts
Lights, appliances. cooking and metabolic (Table 5) [ [ (53)
Water heating = 31.7 x (52) = [ | (54)
Total internal gains = (53) + (54) = | | (55)
6. Solar gains
Enter the area of the whole window including frames and the value for solar flux obtained from Table 6.
For Building Regulations assessment when orientations are not known, all vertical glazing should be entered as E/W.
Orientation Area Flux Gains (W)
North | ] % [ | o= [ 1658
Hophoast C=TY B et * B0
East 1 * i 7 o= 168
Southeast ] x 1 = | 6
South [ 1 x | 1 = | 1 (60)
Southwest ] x 1 = L ERECH!
West = £ = C | 62)
Northwest | T % - ] & i 1(63)
Rooflights ] = L—1 = L RG]
Solar access factor .
Enter 1 for new dwellings where overshading is not known L | (65)
Solar gains (UK average) = (56) + (67 + o * (64)) x (65) = [ |66)
Total gains (W) (55 + (66) = (67
Gains/loss ratio (GLR) - @en:06n = [_1©®
Utilisation factor (Table 7) L 169
Useful gains (W) = (67 x (69 = 100
7. Mean internal temperature °C
Mean internal temperature of the living area (Table 8) o ay
Adjustment for gains = 02 x R x (100 + 3D - 4.0) 2
R is obtained from the ‘responsiveness’ column of Tuble 4a
Adjusted living room temperature = an + () = [ BRI
Temperature difference between zones (Table 9) 109
Living area fraction (0to 1.0) [ ] (75)
Rest-of-house arca fraction = w-a» = [ | (16)
Mean internal temperature = @3 - @8 x a6y = | 107
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Worksheet Page 4

8. Degree-days
Temperature rise from gains

Base temperature

9, Space heating requirement

Energy requirement (useful)

Fraction of heat from sccondary system
Use value obtained from Table 11

Efficiency of main heating system (Table 4(a))

Space heating fucl (main)
Space heating fuel (secondary)

Electricity for pumps and fans
Enter 0.47 GJ for each central heating pump,

Space heating - main system

- secondary system

Water heating
If off-peak electric water heating:
On-peak percentage (Table 13)
(90)

Off-peak percentage 100

On-peak cost

Off-peak cost

Else:

Water heating cost
Pump/fan cnergy cost
Additional standing charges (Table 12)

(88) + (89) +

Total heating

11. SAP rating

Energy cost deflator (Table 12 footnote)
Energy cost fuctor (ECF)

SAP rating (Table 14)

Degree days (use (79) and Table 10 to adjust base)

Efficiency of secondary heating system (Table 4(a))

For warm air heating system fans, add 0.002 GJ x
For dwellings with whole-house mec hanical ventilation, add 0.004 GJ X the

10. Fuel costs  Fuel prices to be obtained from Table 12

= @ + Bn = | | (78)
= 77 8 = | | (799
L (80)
GJlyear
- 00000864 x (80) x (37) = | (81)
"" | (82)
Reduce by the amount shown in the TRy
‘efficiency” column of Tuble 4(b).

where appropriate. [ | (84)
= (10 - (82)) x (8D x 100 + (83) = [ | (8S)
= (82) x (81) x 100 + (84) = | | (86)

0.16 GJ for each boiler with a fan-assisted flue.

the volume of the dwelling, (given in box (6)).
volume of the dwelling. I | (87)
GJlyear % Fuel price = £lyear
= @ x 1= L@
} & x e | 89)
Fuel price £lyear
1 (90)
Jon
1) x (o) + 1000 x [ ] = 92)
61 x (O + 100) x| o= [ 1o
(51) x | = [ 10
@n x L1 = | (95)
(96)
©2) + (03) + (94 + (95 + 96 = - _lon
R CE)
(97 x (98) - 400 + (5 = | (99)
l |
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Table 1: Hot water energy requirements
(a) (b)
Floor area  Hot water usage  Distribution loss
(m’) GJ/year Gllyear
30 413 0.73
40 4.66 0.82
50 516 091
60 5.68 100
70 6.17 1.09
80 0.65 1.17
%0 7.14 1.26
100 7.57 1.34
110 8.01 141 Alternatively. requirements and gains may be calculated
120 8.44 1.49 from the total floor area of the dwelling (TFA), using the
130 .86 1.56 following steps:
140 9.26 1.63 () Calculate N = 0.035 X TFA ~ 0,000 038 x TFA'il TFA < 420
150 9.65 170 =80 i TFA > 420
160 10.03 1.77 (b) Hut water usage = 0.85 x (92 + 61 x N) = 31.71
170 10.40 1.84 (¢} Disteibution Joss = 0.15 X (92 + 61 x N) + 31.71
180 10.75 1.90
190 11.10 1.96
200 1143 2.02
210 174 2.07
220 12.05 2.13
230 12.34 218
240 12.62 223
250 12.89 2.27
260 1315 232
270 1339 236
280 13.62 240
290 13.84 2.44
300 14.04 248
Table 2 : Hot water cylinder loss factor (GJ/yearflitre) Table 3 : Primary circuit losses (GJ/year)

Multiply by cvlinder volume in litves to get loss

Insulation Type o System loss Gllyear
thickness : B——
mm Foam Jacket Electric immersion heater 0.0
None 0.0945 00,0945 Boiler with uninsulated primary
oy e pipework and no cylinder stat* 44
12.5 0.0315 0.0725
25 0.0157 0.0504 Boiler with insulated primary
) e b ipework and no cylinder stat* 22
38 0.0104 0.0331 pipewor
50* 0.0078 0.0252 Boiler with uninsulated pnmary
80 0.0049 00157 pipework and with cylinder stat 22
100 0.0039 0.0126 Boiler with insulated primary
150 0.0026 0.0084 pipework and with cylinder stat 13
* A cvlinder stal iy vequured by the Budlding Reyulations nenew dwellings

* This is the minipuon standard requived by the Rudding Regutations
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Table 4a: Heating system efticiency

This table shows space Deating efbviency . Watet haating eflic ey 1 il
abtinned from (s bl when ot water s ot botler system. bor
ndependent electin wder heating ase 1007 Lse 0% for single-poins gis
water heaters Fet ol et s waner hearers and lor beat exchangers
Bt et gas warm au heaers, ise A3

Eficiency  Heating Responsive-
(%) type ness

CENTRAL HEATING SYSTEMS WITIHT RADIATORS

1. "Heatmg e refers io the appropeaaie colame in Tuble 8

2 Refer tor Group 1w Tabic 3b jor control options

3. Chevk Table 30 jor ctherency adpasimert dae o poo controly

4 Where two figares are goren (he fosi s for space heating and ihe

second (8 for waict e

Gas boilers tincluding LPG) with fan-assisted flue

). Low thermal capacity T2 | 1.0
2 iigh or unkiow n themal capaoy 6% 1 Lo
3 Condensing ANl 1 ]
4. Combs THOY ! [N

NO/x3 ! o

5. Condensing combi

Gas botlers (including 1.PG)1 with halanced or upen flue

1 Wikl mounted 68 1 1.0
2 Floor meuaied. post 1979 [N | 1.0
3 Floen mounted. pre 1979 88 i 10
4. Combr [N i 1.0
5 Room heater + back bailer 68 | 1.0
Ol boilers

Standard oif borler pre TUKS 6% ! bo
Standard oil botler 198RS o lane 70 1 10
Condensing boler bh ! 1.0
Solid tuel boilers

Manual feed (0 heated spacd) ) N 0.78
Mantal feed (in unhcated spacer 88 2 075
Antofeed tin healed spacy? 63 2 0.75
Autofeed (in unhesmied spaced Al N a7s
Open fire with back

boiler to rads AN A .50
Closed Bre waith back

boiler to rads [ 3 {150
Electric boilers

Dry core hotler in heated spice 14X} M 075
Dy core boder i upheated space 8% 2 0n7s
Economy 7 boiles

in heated space 100 2 0.75
Economy 7 hoiler

in unhcated space 88 2 075
On-peak heat pump 250 | 1.0
24 hour heat pump 240 ] 10
STORAGE RADIATOR SYSTEAS

(Refer 1o Group 2o Table 3 g comtrol st

Old tlarge volumey

storage heaters 100 3 00
Madern (shmbne)

storage hewers 100 A 0.25
Convector stotage heaters 100 4 028
Fan-assisted storaye heateis 10 3 05
Electne undertloor heaninig 1Y < 00

Ffficiency Healing Rrs‘pqmsivw

R (%) type naess
WARM AIR SYSTEMS
1. Refer to Group 3 in Table 4b for countrol eptions
Gas-fired warm air with Fan-assisted flue
Ducted. with gas-nr modulation 80 i 1.0
Roon heater, with ie-Hoaor ducts 77 | 10
Gas-fired warm air with balanced or open flue
Ducted (w/olf controb) 70 1 IBY]
Ducted (modulating controb} 72 ! 10
Stub ducted 0 1 1.0
Pucted with flue heat recovery RS ! 1.0
Stub ducted with flue heat recovery 82 } 1.0
Condemsing 04 ! t)

Oll-fired warm air
Ducted output (on/olt comrol) 70 1 1o
Ducted output

(modulating controh
Stub duct sysiem 0 i

72 ! 10
(XY

lectric warm air
Elcctrivaire system HO0 0.75
Air-t0-air heal pump 250 I 1.0

ROOM HEATER SYSTEMS
1. Refer 1o Group 4 in Table 4h for control oprions
2 Check Tuble b for efficiency adjustmen due (o poor contrel

5

Gas

O1d style gas fire {open front) S0 1 1.0

Maodern gas tire

(glass enclosed fron) [} | 1o

Modern gas fire with

balanced flue 0 ! [KY]

Modern gas fire with

back boifer {no rads) 63 | 1.0

Condensing gas e

(fan assisted flue) N} | 1.0

Gas fire or roon heutes

with fan-assisted flue 79 1 1.0

Coal effect fire in fireplive 25 1 Lo

Coul efteet fire i from

of figeplice 60 | 1.0

Solid fuel

Open fire an grate 32 3 05

Open fire in grate. with

throat restrctor 42 3 0.5

Open tire with buck boiler

(no rads) kA 3 0.5

Closed roomn heater o) 3 0.8

Closed room heate

with buck hotler 05 3 05

Electric (direct acting)

Pancl. convector of

radiant heaters R t 1.0

Portable electric heaters 10 ! 10

OTHER SYSTEMS

Refer 10 group S for control options

G underfloor heating 7 4 0.23

Gas inderfloor heating,

condensing bower 87 4 0.25
10 2 075

Flectric ceiling heating
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Table 4h: Heating system controls
1. Use Tuble 4a 1o select appropriate Group in this table.

2. Control’ refers o the appropriate column in Table 9

3. Efficiend v is an odjustmeit that shondd be vubtracted
Sfrom the space heating cfficianey obtained front Tuble 4u.

4. Temp’ o5 an adjustment that showdd be added 1o the
temperaiare obtaimed from Table K.

Type of control Control  Efficiency Tempi
% C

GROUP 1 : ROILER SYSTEMS WITH RADIATORS

No thermostatic contiol

of room temperature I S 0.3

Programmer + roomstat 1 1] 0

Prog + roomstat™

(no boiler offy | s 0

Prog + roomstat + TRV 2 3} 0

Prog + roomstat + TRV

(no boiler off) 2 N 0

TRVs + prog + bypuss™ 2 5 0

TRVs + prog + fluw switch 2 0 4]

TRVs + prog +

boiler cnergy manager 2 0 0

Zone control 3 [§] 0
3 hl 4]

Zone control (no botler off)

GROUP 2 : STORAGE RADIATOR SYS '=MS
3 0 0.3

3 0 0

Manual charge contiol

Automatic charge control

GROUP 3: WARM AIR SYSTEMS
No thesmostatic contiol?

of room temperature ! 0 0.1
Roomstat only™ | 0 0
Programmer + roomstat ! 0 0

3 0 0

Zone contyol

GROUP 4 - ROOM HEATER SYSTEMS

No thermostatic control 2 (0 0.3
Appliance stat 3 4] 0
Appliance stat + prog R 0 ]
Programmer + roomstat ! 0 [t}
Roomstat only 3 i 0
GROUP 5 - OTHER SYSTEMS
No thermostatic control
of room temperature 1 0 0.3
Appliance stat only | 0 0
Roomstat only 1 0 0
Programingt + roomstat | 0 0
Programmer and sone control 3 0 0
——————

et

 Phese suatens sonedd tcr b acceptaple e dr el

e

Table § : Lighting, appliances, cooking and metabolic gains

Floor area Gains Floor area Gains
(m’) (W) (m’) (W)
30 230 170 893
40 282 [510] 935
50 iR 190 978
60 382 200 1020
70 431 210 1061
80 480 220 1102
90 528 230 1142
1060 376 240 1181
110 0623 250 1220
120 6649 260 1259
130 715 270 1297
140 760 280 1334
150 805 290 1349
160 849 300 1358

Altermagively, gains may be caleutated from the tofad Boot area of the
duelting {TFA), usimg fhe follow ing steps

ta) Caleubaie ¥ Q0 ITFA DOOD OIS < TFAL A IPA 4
w84 W TEA = 420
(b} Gains (W) S THe 2060 x TPA + 755X N, TEA L R

ANene

Cainy from the

Tuble 6 : Solar flux threugh glazing (W/m')

=R 755 XN O TEA > 282

folloveing vquipntent shonedd be adeded 1o the totals given above;
10W

C'entral heating pamp
2’W

Mechunical ventilation system

Hotizontal Vertival

SE/SW South

North NE/NW  H/W

Smgle ghaved M 0] 14 [} 24 ki)
13ouble glased 26 8 12 15 21 26
Double ghized with 24 8 3] 8l [ 24
low L2 conting

” 7 10 13 17 2

Tripte glazed

Notw

1. bor a sooflight w a pitched roof with i prich
ander “Northerly” for orientations wit
under* Hovizontal” for all wther onentations (
707, then treat as ifafwerea vertal window.)

3. For Building Regulatians awsessawenl when orrentalien
all vertical glazing should be entered s EIW.

o) up 10 70", wse the value
hin 30° of North and the value
I the pitch is gieates than

e ot Kknown,
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Table 7 : Utilisation factor as a function of Table 10 : Degrec-days as a function of base temperature
Gainfloss ratio (G/L) :
Rase Degree-days Basc Degrec-days
G/ Utilisation factor GA.  Utilisation factor temperature temperature
! PO 16 0.68 € L e
2 1.00 1?7 .65
N 1.0 Q 1 {
3 1.00 s 063 . 1.0 1140
4 099 19 06l 1.5 30 LS 1240
5 0497 20 0.59 20 60 12.0 1345
] 0.95 21 0.58 2.5 95 12.5 1450
7 0.92 2 056 3.0 125 13.0 1560
s 0.89 3 0.54 35 150 135 1670
9 0.86 24 053 40 185
10 0.83 2 0.51 X » 14.0 1780
11 0.81 30 045 4.5 220 14.5 1900
12 0.78 35 0.40 5.0 265 15.0 2015
13 0.78 40 0.36 55 310 I18.5 2130
:‘; ;;;‘2) :: “:3 60 360 160 2250
: . i - 6.5 420 16.5 2370
7.0 450 17.0 249)
7.5 §50 17.5 2610
Alternatively. the utdisation factor tuay be Calculated by the formula 8.0 620 18.0 2730
Uhilisaton factor = Eexp (18 - GLRL 8.5 695 I18.5 2850
where GLR = tiotal yans) = Dypecifi uat fosed 9.0 775 19.0 2970
9.5 860 19.5 3090
- .0 950 20.0 320
Table 8 : Mean internal temperature of living area 0
10.5 1045 20.5 3330
Number in brackets is from the “heatng’ colunm of
Table 4a. HLP 13 itemi 38 on the worksheet
HLP (D T @ &
1.0 (or lower) 18.88 19.76 2021 20.66
1.5 18 8% 19.76 20.20 20.64
20 18 85 19.30 19.75 2019 20.63
2 [} b " "
25 18 &1 19.26 1971 0 1,7 2061 Table 11 : Fraction of heat supplicd by secondary
3.0 1874 19.19 19.66 20.13 20.59 L X
35 k62 1910 1959 2008 2087 heating systems
a0 18.48 1899 19.51 20.03 20.54 Main hea(ilig system Secondary system  Fraction
45 18.33 1R.86 19.42 19.97 20.51
5.0 18.16 1873 19.32 19.9%0) 20.48 Central heating system gas fires 015
55 17.9% 1859 1921 19 k2 20,45 with boiler and rudiators, coul fires 0.10
6.0 (orhighen) 1776 1844 1908 1973 20.40 i _
central warm-air system electric heaters 0.05
or other gas fired systems
Table 9 ; Difference in temperatures between 20nes Gas room heaters gas fires 0.30
Number in brackets is from the “contral” colimn of coal fires 0.15
Table 4b. HLP iy item 38 on the worksheet clectric heaters 0.10
HLP ._.,_,(,l,), S _,.‘,._EL,,_M._(E)._.,_ Coal rootn heaters or gas fires 0.20
1O (or lower) 040 141 175 electric room heaters coul fires 0.20
1.5 0.60 1.44 192 clectric heaters 0.20
2.0 0.79 1.57 2.08
25 0.97 1.65 2.22 LElectric storage heaters gas fires 0.15
30 LS 172 _2’;; or other electric systems coal fires 0.10
35 1.32 1.79 2. .
» ) clectric heaters 0.10
40 1 48 1.88 261 cle cte
272 .
‘;'5 ll (7': :Zg ;Z; Electric heat pump gas fires 0.5
0 76 LRE A .
5.5 1.89 197 292 systems with heat storage ot coal llllt..\ 0.10
6.0 (or higher) 200 200 3.00 fan-assisted storage heaters electric heaters 0.0
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Table 12 : Fuel prices and additional standing charges
777 Additional standing  Unit price.

o charge £ £/G)

Gas (mains) 38 4260
Bulk LPG 51 7.11
Bottled gas - propanc 47 kg cyhnda 13.26
Heating o1l 168
House coal 3 87
Smokeless fuel 6.54
Anthracite nuts 504
Anthracite grains 453
Wood 4.20
Electricity (on-peak) 2238
Electricity (off-peak? 14 7.60
Electricity (standlard tarif) 2108
8.57

Electricity (24-ht heating tanfty 35

“Fable 13 : On-peak fraction for electric water heating

Dwelling o € vhinder size
floor area (litres)

m’ 110 160 210
40 or less 12(56) 601%) {
60 14(5%) 7¢21 1
80 17 ¢ 9 (2 4
100 19.(62) 1027 N
120 RARTEY 123 6
140 23(65) 13633 6
160 25 160) 15(35) ?
180 27 (6% 16(37 g
200 29 (6Y) 17 ¢4y 9
220 30 (7 18¢42) 9
240 (71 19 (44) 10
260 RRXWARS] 2048 3]
280 (7Y 2145 1
100 6174 21 (45) 12
320 36.75) 22 (46} 12
340 3775) 2347y 12
360 R (7O 23(48) 13
380 19 (76) 24 (49) 13
400 30 (76) 24 (49 13
39(77) 24(50) 13

42() or more

srnary cequtied i prreperth Tates for

Table 13 shows peecentuge of cled
s kets ave for

evlinders witle dial ey ionheters The fostees 1
exlinders with simgie ionnessiaon headres

Nuotes

| The standing charge given for clecineny i exirnamount for the ot peuk
(arifl, over and above the amount (o the standard domestic tanitf, us 0
ussuimied that the dwelling has a supply of clecincity for reasons othes
than space wnd waler heanng Sranding charges for gas ant for oll-penk
electeicity are atributed 1o space and water heating costs where those
tuels are used tor healing.

The energy cost deflator termi s currently sef & 0.06. It will vary with
1he weighted average price of heatmg fuchs m1 Tature, i suclta way s (o
ense that the SAP 18 aot affected by the general rale of inflatian
However. individual SAP ratings are aftected by relative changes in the
price of particnlar hesting fuels.

Table 14 : SAP rating by energy cost factor

ECK  SAPrating KCF  SAP rating
1.4 100 4 55
1.5 97 4.5 50
1.6 95 S 45
17 92 55 41
1.8 89 6 37
1.9 87 6.5 34
2 RS 7 30
2.2 81 75 27
24 77 ¥ 25
2.6 74 85 22
28 70 Y 20
3 07 10 5
33 63 H i
3.6 59 12
39 54 13 4
14 !

The values in the above table may he obtained by using the

formula:

SAP Rating = 115 - 100 x log,, (ECF)
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ANNEX A : U-VALUES FOR GLAZING

Table Al: Indicative U-values | W/mZK|) for windows, doors and rooflights

. Type of frame
B Wood Metal Thermal break rve.u
Air gap tn scaled unit (mm) 6 12 6 12 6 12 6 12
Window, double-glazed 33 1.0 2 18 3.6 33 33 30
Window. double-glazed. low-F 29 24 37 32 3! 2.6 2.9 24
Window. double glased. Argon till 3 29 4.0 37 34 32 31 29
Window, double-glazed. low-4 Argon hll 2.6 22 14 29 28 24 2.6 22
Window, triple-glased 2.6 24 14 32 29 26 2. 24
Door. half doublc glascd 1 20 16 34 33 32 31 00
Door. fully double-glazed i3 30 4.2 38 36 33 33 30
Rooflights, doubic-glazed at less 36 34 4.6 44 4.0 KR ] 36 34
than 70° from horizontal
Windows and doors, single- glazed 47 58 5.3 47 B
Door. salid timber pancl or suntla 30 - -
37 — -

Door, half single-glased/halt tmber

panel or stlar

Window U-valucs should be obtained trom Table A1, regardiess of building age. The values apply to the entire urea of the
window opening. including bath frame and glass, and take account of the proportion of the area occupied by the frame and the

heat conducted through .

ANNEX B : DWELLINGS WITH MORE THAN ONE HEATING SYSTEM

General principles
The treatment of multiple forms of heating 1n SAP 1 based
on the following principles:

(1) the decision to include a secondary heatng system
should be based on the characteristios of the dwelling
and the systems installed and not on the heating
practices of the occupying houschold;

(2) secondary systems should only be included o they are

o~
-

is capable of heating at keast 30% of the dwetling, scelect
that system. I1 there is no system that provides both
space und water heating, then select the system that has
the capability of heating the greatest part of the dwelling.

If there is still doubt about which system should be
sclected as the primary, select the system that supplies
useful heat to the dwelling at lowest cost, (ublained by
dividing fuct cost by conversion cfficiency).

based on *fixcd” appliances. unless portable appliances (3) Use the responsiveness of the main heating system in

are necessary (o achieve adequate heating culenlating the mean internal temperature in Stage 7 of
To avoid excessive complexity and to reduce the eatent o the SAP calculation,
whic(h surveyor judgement can influence the rating. the SAP (3) Decide whether a sccondary heating system needs to be
considers unly on secondary heating systenn per dwelling. specified. bearing in mind that systems bused on stored
hmhﬂcrmmt. secondary heating systems are governed by a heat produced from electricity gencrally reguire a
sct of rules that restrict the allowable combinations ot sceondary system for their successtul operation. lgnore
heating ystems and supulate the proportion of heat supphed all portable heaters, such as phug-in clectrical radiators
by the sccondary system. Those restrictions will mevitably and Tan heaters of free-standing butane and paraffin
mean that the rating is based on assumptions about use that, heaters. 1f no secondary system is to he specified, enter
in some cases. diverge considerably from what 1s actually zere in box (82).
pructised by the occupying houschold. This s in iae with
the general principle that SAP s a rating tor the dwelling (5) If a sccondary heating system is to be specitied, use
and does not depend on who happens to be living in that Table 11 to sclect the most appropriate description of
dwelling. That does not preclude fuither estimutes of the primury/scunmlury combination. Obtais the
energy consumplion being made to take account of actual proportion of use for the sccondary heating system from
usage. Such estimates would not be pant of SAP but could Table 11 and cnter in box (82).
form the basic of advice given to the occupyimg household )
on how 1o mithe best use of the systems at thew disposal. (6) Obtain the etticiency of the secondary heating system

from Table 4 and cater 1 box (84).
(7) Caleulute the space heating fucl requircments for both

Pracedure for dealing with secondary heating systems

(1) Identify the main heating system Tt there is a central
system that provides both space and water heating and 1t

main and sceondary heating systems as specificd for
entry in boxes (85) and (86).
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Dwellings with inadequate heating systems

The SAP assumes that 4 good standind of heating will be achieved throughout the dwelling. For dwellings in which the heating
system s not capable of providing that standard. it should be assumed that the additional heating is provided by electric
heaters, using the fractions given in Table 11, For new dwellings that have no heating system specified. it should be assumed
that all heat will be provided by clectne heaters using electricity at the standard domestic tarift.

ANNEX C : CARBON DIOXIDE EMISSIONS FROM FUEL USE

The carbon dioxide emussions associated with the fuel use calculated in the SAP worksheet may be obtained using the emission
factors shown in Table CL. The calculation is as tollows:

Encrgy Emission Annual emissions
(GJ/year) factor (kG/year)
Water heating - from box (S1) page 6 T x L ] = ! oaom
Space heating. mamn  from box (35) page 8 R x [ = [ | aon
Space heating. sccondary - from box (86) page 8 | Cox L i = | (102)
[ x b= S

Electricity for pumps and fans - from box (R7) page 8

TOTAL (100) + (10 + (102) + (103) = | |

Table C1: Carbon dioxide emission factors for delivered
energy in kilogrammes of carbon dioxide per gigajoule

o kg/GJ
Gas (matns) 52
LPG 76
Heating oil 75
Housc coal R3
Anthracite 90
Smokcless solid fucl 116
188

Electricity B .

Source: BRECSU. 1994,

More detailed information about the Government’s Standard Assessment

Procedure for Energy Rating of Dwellings, see recent edition published by BRECSU

on 2001.
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Case Study Results

Properties 1 — 245

Eomrty house terraced detached flat bungalow
T
ype 81 104 15 44 1
Bedroom one two three four {more than four five six seven eight nine ten
N
umber |43 10 54 104 42 5 10 4 1 0 2
Property pre-1900 1900-1944 1945-1964 1965-1990 post-1990 don't know
Age 80 133 4 15 7 6
Space gc esh gcllgf gcleb gcligfio gcleblo esh/eb o
| Heating 201 19 17 4 1 1 1 1
Control pts ptsitrv | pts/rct/trv zc pts/rct n/a trv pts/zc {pts/rct/zcltrv rct ptsirct/zc
ontrols
115 49 21 1 29 16 4 3 1 5 1
Walli yes no don't know
Insulation 173 27 45
Floor yes no don't know
Insulation 176 35 34
don't know
Roof yes no
Insulation 31 180 34
no don't know
Draught yes
Stripping 138 79 28
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él.::iblg full partial none 7
ng 126 79 40 |
Hot Water gech gch/eih eih o igfu
Heating 189 32 17 5
tc tcit t none n/a
99 78 44 23 1
.ng e ] elg o
103 101 41 0
Lighting yes no don’t know
153 72 20
g: gas
e: electric

gc: gas central

esh: electric storage heater

igf: local gas fire
gch: gas central heating

eih: electric immersion heater
igfu: individual gas fired units
pts: programmer and time switch

rct: room and cylinder thermostat

trv: thermostatic radiator valves
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Improvement Checklist

Properties 1 - 55

Energy Wall Roof Fi i Energy
Efficiency Insulations| Insulation Insu?act,;on ge::;r:g Hgt;Nt:r:'e '| controls gtr?ug'ht- controlled | Double | gericint | sap
Measures Y Yy ripping | Ventilation| Glazing Lighting
PROPERTY 1 v v v gc gch pts v, } v ) 54
PROPERTY 2 - v - gc/igf ach pts . . v ] 60
PROPERTY 3 - - - gc gch pts/trv . ; v . 58 |
PROPERTY 4 - - - gc gch pts . _ _ ] 51 |
PROPERTY 5 - v - gc gch pts/trv - - - - 50
PROPERTY 6 - - - gc gch pts/rct - - . i 51
PROPERTY 7 - v - gc/lgf gch pts/trv - . . i 51
PROPERTY 8 - - - gc gch pts - R . B} 59
PROPERTY 9 - v - gc gch pts - - . . 58
PROPERTY 10 - v - gc gch ptsitrv - ; . . 57
PROPERTY 11 - v v gc gch | ptsiretitry v . v . 65
PROPERTY 12 - v v gcleb gch ptsirct - - v - 66
PROPERTY 13 - v - gc gch pts - - - - 56
PROPERTY 14 . v - gc gch pts - - - - 56
PROPERTY 15 - Y - gc gch pts - - - ; 52
PROPERTY 16 - v - gc/lgt gch | ptsize v. - - - 66
PROPERTY 17 - v - gc/lgf gch ptsi/zc v . ; . 69
PROPERTY 18 - v - gc gch/eih | pts/ret/try - - v - 69
PROPERTY 19 - v - gc geh | pts/rct/trv - - v . 68
PROPERTY 20 - - - gc gch pts/rct - - v . 68
PROPERTY 21 i v - gc gch | pts/retitrv . - v - 75
PROPERTY 22 - - - gc gch |ptshctrv| - - v. . 53 |
PROPERTY 23 - v - esh eih n/a - - - - 52
PROPERTY 24 - v - gc gch pts - - v j 52
PROPERTY 25 - v v gc geh pts - - - - 57
PROPERTY 26 v v - gc gch pts - - v - | e0
PROPERTY 27 - v v gc gch | pts/rctitry v - v - 59
PROPERTY 28 - Y - gc igfu pts v - - - 56
PROPERTY 29 - v - gc gch/eih pts v. - M| _fi_
PROPERTY 30 v v - ge geh pts - - Y A
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PROPERTY 31 - v - gc gch pts/rct - - v - 59
| PROPERTY 32 - v - ge/igf | gehlein pts v . ] . 55 |
| PROPERTY 33 - v - gc gch pts/rct - - - ) 64
PROPERTY 34 i - - gc geh pts - - - ] 67
PROPERTY 35 i - v gc gech pts y - . . 67
PROPERTY 36 - - v gc gch pts - . . B 67
PROPERTY 37 . v - gc gch pts v . v . 68
PROPERTY 38 - v - gc gch pts v - v ] 70
PROPERTY 39 - - - gc gch pts v, . v ) 59
PROPERTY 40 . v - g¢ gch pts - - ; ; 62
PROPERTY 41 i - - gc gch pts v - v. ; 60
PROPERTY 42 - - - gc gch pts - - v, - 50
PROPERTY 43 - v - gc geh pts - - v . 59
PROPERTY 44 3 - - gc gch pts/rct - - - . 59
PROPERTY 45 - - - gc gch pts - . R . 59
PROPERTY 46 - v - gc gch/eih | ptsitrv - - v - SL
PROPERTY 47 i Y - ge gchleih | ptsitrv - - v. . 50
PROPERTY 48 i v - gc gch pts . - . . 54
PROPERTY 49 Y d - gc gch | ptsftry - - v - 69
PROPERTY 50 - - - gc gch pts/trv - - v - 66
PROPERTY 51 - - - esh eih n/a v, - - - 59
PROPERTY 52 - v - gc gch/eih | pts/rct/trv - - v - 73
PROPERTY 53 ) - - gc geh rt - - - - 59
PROPERTY 54 - i - gc geh pts - - v - 65
PROPERTY 55 . . - gc | gch pts - - . . 64

gc: gas central

esh: electric storage heater

Igf: local gas fire

gch: gas central heating

eih: electric immersion heater
igfu: individual gas fired units
pts: programmer and time switch
rct: room and cylinder thermostat
trv: thermostatic radiator valves
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Feedback Report

Feedback Cover Letter and Short Questionnaire

Dear Landlord’l.andlady.

As you may remember. you have filled in and returned a questionnaire regarding the
conditions of your property, which was presented by Mr. Hasim ALTAN from School
of Architecture. the University of Shetlield. under a research project on energy
efficiency in the private rented sector in Sheffield. and distributed by the housing

services at the end of 2002,

The enclosed report has been compiled for your property and 1 hope that it will be of
some benefit to you when you are considering refurbishment. You may also be aware
that the government is determined to ensure that the thermal efficiency of housing
(and also non domestic building) is improved. It is their intention to introduce a
‘Home Sellers’'Buvers Pack™ in which the energy efficiency of the dwelling would
have to be given. Your participation in this recent target will help to develop a
database of the “local™ current situation and therefore provide a benchmark figure
against why potential improvements can be determined. The current thinking of an
appropriate benchmark for an energy efticient house is a SAP rating of 80 - 85.

I would like to inform you that the database will not be holding any personal information and

all data will be held in accordance with the Data Protection Act. Furthermore, the survey
will be carried out in such a way that no individual property will be identified and/or passed

on to third partics.

I would like to kindly thank you for participating in this research and also like to ask
you to complete the following short questionnaire and return it to Mr. H ALTAN in the

pre-paid envelope provided.

Kindest Regards and Many Thanks.

Yours Sincerely.

A

Hasim Altan
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After completion, tear it through here and send it in the pre-paid envelope provided.

Heee

Please circle the appropriate answer to you as follows:

Do you get information on energy savings through the post -

. Yes No
circulars or telephone
If Yes; -
Do you bin it? Yes No
Do you read it? Yes No |
Do you do anything about it? Yes No

Yes | No

From the feedback report enclosed; would you act on it?

If Yes; which one will you consider?

1- Likely to implement.
2- Possibly to implement.
3- Not likely to implement.

i

If you have any further thoughts or comments regarding these issues, please feel free

to write in the space provided below:

Thanks again.

H. Altan
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Feedback Report Template/Sample

Private Rented Property Feedback
| Property Address |

Current Conditions:

Property Energy Efficiency Measures

Energy Efficiency Wall Roof Floor Heating | Hot Water C I Draught { Controlled | Double .“"“,T"-‘ ' SAP
Measures Insulation | Insulation | Insulation System System ontrols Stripping { Ventilation | Glazing :::l::ﬁ:z N
BOI’ERTY n y n gc gch pts n n y n 62

E gas central / esh: ¢lectric storage heater / Igf: local gas fire / gch: gas central heating / eih: clectric immersion heater / igfu: individual gas fired units

ts: programmer and time switch / ret: room and cylinder thermostat / trv: thermostatic radiator valves / y: yes / n: no / p: partial

Total Energy Use, CO; Emission & SAP Rating Analysis

PRIVATE RENTED PROPERTY REQUIRED SAP RATING = 85 CURRENT
REGULATIONS
OSTS £ YE e e . - PASS/FAIL
PROPERTY SAP COSTS £ YEAR O [MEATLOSS AIR CHANGE.
SPACE |WATER] TOTAL ’ ’ PIF
PROPERTY ADDRESS 62 | 36645 | 167.46 | 53391 | 6.01 2.63 0.89 ¥

Suggested Improvements:

Considering the analysis carried out and presented above, there are potential
improvements to the following energy efficiency measures:
Draught-stripping
Wall/floor insulation
Energy efficient lighting
Heating system
Hot water system
Controls for heating and hot water

OooOooo

If you were to implement the following energy efficiency measures, the SAP rating of
the property could be increased from 62 to 76, which again is a significant

improvement in energy efficiency.
0 Heating system
o Hot water system
o Controls for heating and hot water
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The following chart is to give you an idea about estimated cost figures that could be

spent if suggested improvements were to be implemented.

Estimated Cost Analysis for Property Improvements (2001 — 2003)

Mﬂsures Saving (£/yr) Cost (£) Payback (yr)
avity Wall Insulation 75-150 INST 450 INST 4-6 INST
olid Wall Insulation (external) 85-120 INST 1500 INST 12-13 INST]

Solid Wall Insulation (Internal) 75-100 INST 650 INST 6-7 INST]

iEooflnsulation (Loft Insulation) 35-50 DIY/INST 2‘7,3_‘;;8 &';’T 41(,3"2:}

Eloor Insulation 2040 DIY/INST 2;3:;(')3 :’;;T . l'(f”&:,}

,Bcplacing Condensing Boiler 150 INST 300 INST 2 INSI

Hot Water Insulation Package 15-25 DIY/INST 320(!:120512IS\T 2 l”:);,\l.

[Fuel Heating Control Package 25-120 INST 80-400 INST 3 INST]

Draught Stripping 15-25 DIV/INST sopy 2Dy

150 INS'1 6 INST

Double Glazing (standard) 25-30 INST 170 INST 5-6 INST

Double Glazing (low-emissivity) 30-40 INST 275 INST 7-8 INST]

Lighting (x4 Lamps) 40-50 INST 20-25 INST 0.5 INST

INST: Professional Installer / D1Y: Do It Yoursel{

INOTE: The cost and savings figures will vary according to the property size, its location, the measures (if appropriate), fuel, heating system and lh_c mat_criul
used. Energy savings are estimated from a range of standard house type with gas central heating and standard occupancy. Actual savings depend on individual

ircumstances.
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General Recommendations for Immediate Savings

B

10.

1.

14.

15.

Increase the depth of loft insulation to at least six inches (150mm).

If the property was built after 1940. installing cavity wall insulation will
reduce heat loss through the wall by up to 60%.

Change to energy saving light bulbs. especially in areas where lights are used
most - it will use around a quarter of the electricity. and will last eight times

longer than an ordinary bulb.
If the boiler is 10 vears old or unreliable, replace it - you could save 10 - 15%

on your fuel bill.
Add heating controls to your central heating system and cut your costs by up

to 20%.
Fit a good insulating jacket to vour hot water tank if it is not foam covered.
If the property is too warm. turn the thermostat down by 1°C; this can cut up

to 10% ofl yvour fuel bills.
Invest in draught stripping for letterboxes and for doors and windows opening

onto the outside to reduce the amount of warm air escaping.

A shower uses only 2'5th of the hot water needed for a bath. Shower
attachments for bath taps can be bought from many local stores.

Water does not need to be heated to a scalding temperature. Setting the
thermostat at 60°C '140°F is usually quite adequate.

Don't put really wet clothes into a tumble dryer, ring them out or spin-dry
them first. It's much faster and will save money as well.

Close curtains at dusk to stop heat escaping through the windows.

. Always wait until you have a full load before using your washing machine. 1f
this isn't possible. use a half-load or an economy programme if your machine

has one.
Always remember to put the plug in the basin or sink. Leaving hot water taps

running without the plug is both wasteful and expensive.
Use the microwave. rather than the conventional oven to heat up food (always

make sure the tood is piping hot before eating).
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Sample Investigation (Short Questionnaire No: 02): ‘Yes — Likely to Implement’

<
Please circle the appropriate answer to you as follows:
== - : . 5 S
| Do you get information on energy savings through the post — Yes 7No )
[circulars or telephone (s
| If Yes; i N
' Do you bin it? Yes No |
| Do you read it? Yes No
LDQJ’_QU do anything about it? Yes No
- From the feedback report enclosed; would you act on it? | ( Yes ) | No |
e o = i ok A T o u =1

If Yes: which one will you consider?
_(l_/Likely to implement.
| 2- Possibly to implement. ,
| 3- Not likely to implement. i

If you have any further thoughts or comments regarding these issues, please feel free to write
in the space provided below:

| |
f ;

H. Alan

I'hanks again
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Sample Investigation (Short Questionnaire No: 04): ‘No — Not Likely to Implement’

K

Please circle the appropriate answer to you as follows:

Do you get information on energy savings through the post — Yes No
circulars or telephone

If Yes; “Pesy
Do you bin it? Sens Tiats Yes No
Do you read it? Yes) No

Do you do anything about it? Soné Times Yes No

From the feedback report enclosed; would you act on it? [ Yes ] No/

If Yes; which one will you consider?

1- Likely to implement.

2- Possibly to implement.

3- Not likely to implement. J

If you have any further thoughts or comments regarding these issues, please feel free to write
in the space provided below:

H. Altan

Thanks again.
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Appendix B

List of Greenhouse Gases

Climate change is one of the most serious environmental threats facing the world
today. Its impacts will be felt across the world, as sea level rise threatens the existence
of some small island states and puts millions of people at risk. Temperature increases:
drought and flooding will affect people’s health and way of life, and cause the

irreversible loss of many species of plants and animals (DEFRA, 2000).

Table B.1: List of Greenhouse Gases.

Lifetime 100 Years Global
Greenhouse Gas (Years) Warmin&Potential
Carbon Dioxide 50-200 1
Methane 12.23 21
Nitrous oxide 120 310
HFC-23 264 11,700
HFC-32 5.6 650
HFC-41 3.7 150
HFC-43-10mee 17.1 1,300
HFC-125 32.6 2,800
HFC-134 10.6 1,000
HFC-134a 14.6 1,300
HFC-152a 1.5 140
HFC-143 3.8 300
HFC-143a 48.3 3,800
HFC-227ea 36.5 2,900
HFC-236fa 209 6,300
HFC-245¢ca 6.6 560
Chloroform 0.51 4
Methylene chloride 0.46 9
Sulphur hexafluoride 3,200 23,900
Perfluoromethane 50,000 6,500
Perfluorethane 10,000 9,200
Perfluoropropane 2,600 7,000
Perfluorobutane 2,600 7,000
Perfluoropentane 4,100 7,500
Perfluorohexane 3,200 7,400
Perfluorocyclobutane 3,200 8,700
Trifluoroiodomethane <0.005 <1

Source: DEFRA, 2000.
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How to Compare the Relative Climate Effects of Greenhouse Gases

1. To compare the relative climate effects of greenhouse gases, it is necessary to
assess their contribution to changes in the net downward infra-red radiation
flux at the tropopause (the top of the lower atmosphere) over a period of time.
Ultimately the best way to do this is by comparing different emission
scenarios in climate models, but a simple working method has been derived
for use by Parties to the UNFCCC. This provides the relative contribution of a
unit emission of each gas. relative to the effect of a unit emission of carbon
dioxide integrated over a fixed time period. A 100-year time horizon has been

chosen by the Convention in view of the relatively long time scale for
addressing climate change.

2. The factor is known as a global warming potential (GWP). It means for
example, that 1 tonne of HFC-134 emitted to the atmosphere has 1,000 times

the warming potential over 100 years of 1 tonne of carbon dioxide.

3. To compute the carbon dioxide equivalent of the emission of any gas, multiply
its emission by the GWP. This is often expressed as the carbon equivalent so
then multiply by 12/44, the ratio of the atomic weights of carbon and carbon

dioxide. Thus, for example, an emission of 1 tonne of HFC-134 is equivalent

to 1 x 1000 x 12/44 = 273 tonnes of carbon.

How the World’s Climate may Change in the Future

Climate change is one of the most serious environmental threats facing the world
today. Its impacts will be felt across the world, as sea level rise threatens the existence
of some small island states and puts millions of people at risk. Temperature increases;

drought and flooding will affect people’s health and way of life, and cause the

irreversible loss of many species of plants and animals.

Average global surface temperatures have increased by 0.6°C over the 20th
century (see figure B.1). Nine out of the ten hottest years on record have been during
the period 1990 - 2002. According to the Inter-Governmental Panel on Climatc
Change (IPCC) the strong warming of the last 50 years cannot be explained by

natural climate variations alone, but requires the inclusion of the cffects of human
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emissions. Much of the observed rise in sea-level (10 - 20 cm) during the 20th
century may be related to this increase in global mean temperatures. Current climate
models predict that global temperatures will rise by a further 1.4 to 5.8°C by the end

of the 21st century. Global mean sea levels are also predicted to rise by 9 to 88 cm by

2100 (DEFRA, 2000).

Figure B.1: Global and Central England Surface Temperature Anomalies: 1772 - 2000.

average)

:
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Source: Met Office, 2001.

Key Impacts

Nevertheless effective policies are to reduce emissions of greenhouse gases: the
world will now experience a significant degree of climate change. This is likely to

have far-reaching effects on all aspects of the world’s environment, economy and

society including:
0 Sea level is expected to rise by over 40 centimetres by the 2080s because of
thermal expansion of the oceans as temperatures rise and because of melting

of land ice. This will threaten the existence of some small island states and put

millions of people at risk;

The poorest countries are likely to be the most vulnerable to the effects of
climate change. 60% of the additional 80 million people projected to be at risk
of flooding are expected to be in Southern Asia (Pakistan, India, Sri Lanka,

Bangladesh and Myanmar) and 20% in South East Asia (from Thailand to

Vietnam, including Indonesia and the Philippines);
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Q  Africa is expected to experience significant reductions in cereal yields, as are
the Middle East and India. And an additional 290 million people could be
exposed to malaria by the 2080s, with China and Central Asia likely to see the
largest increase in risk;

In some areas, water resources for drinking and irrigation will be affected by
reduced rainfall or as ground water in coastal zones suffers from salination as
sea levels rise. People’s lives may be put at risk from an increased frequency
of droughts and flooding. An additional three billion people could suffer
increased water stress by 2080. Northern Africa, the Middle East and the

Indian subcontinent will be the worst affected;

By the 2070s, large parts of northern Brazil and central southern Africa could
lose their tropical forests because of reduced rainfall and increased
temperatures. If this happens, global vegetation, which currently absorbs
carbon dioxide at the rate of some 2 - 3 gigatonnes of carbon (GtC) per year
will become a carbon source generating about 2 GtC per year by the 2070s
and further adding to carbon dioxide build up in the atmosphere (current

global man-made emissions are about 6 - 7 GtC per year).

How the UK could be Affected

Climate change could have significant affects on the UK. Average temperatures
could rise by a further 3°C by 2100 and rainfall could increase by as much as 10%
over England and Wales and 20% over Scotland by the 2080s, according to national
climate change scenarios from the UK Climate Impacts Programme. Climate-induced
sea level rise, together with natural vertical land movements, could be 41cm in East
Anglia and 21cm in the west of Scotland by the 2050s. Seasonal changes are also
expected, with UK winters and autumns getting wetter, and spring and summer
rainfall patterns changing so that the north west of England will be wetter and the
southeast will be drier. Higher temperatures in the UK may lead to poorer air quality
in the summer months. Gradual changes in climate and sea level will also be

accompanied by changes in the frequency of extreme events (DEFRA, 2000).
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Importance of Energy Conservation

Economic Importance: Energy is a commodity, which people cannot afford to
waste. Even though fuel costs have fallen, people still spend around £50 billion a year
on fuel in the UK, of which 20% could be saved cost-effectively by investing in
energy conservation. This would yield savings of over £10 billion a year, money that

would boost the economy when spent on other goods and services.

Environmental Importance: Saving energy makes environmental sense. It is
universally recognised that human kind are changing the climate in ways they cannot
predict, by altering the composition of the earth’s atmosphere as a result of burning
fossil fuels for heat and electricity. The more efficiently people can use energy, the

less they need of it to maintain their lifestyle, and the less carbon dioxide will be

released into the atmosphere.

Social Importance: Social benefits of investment in energy conservation include
creating significant numbers of jobs in energy-related services such as manufacturing
and installation of energy saving equipment. Moreover, homes and workplaces would
be made easier and cheaper to heat, greatly improving standards of living and
comfort. This is especially important for people on low incomes, whose homes are

often the hardest and most expensive to heat, and for people who are at home all day

or who have higher heating needs because of illness or disability.

Energy Conservation in Domestic Buildings

Depending on the level of industrial activity, a country uses about 30 to 35 percent
of its total energy consumption in buildings. Of this amount, about 60% is used for
heating and air conditioning. This means that of the total energy consumption, about
20% is used in building space heating and air conditioning. Burning fossil fuel is the
most important source of providing energy in a building. One of the most serious
complications of burning fossil fuel is the release of carbon dioxide. The last seventy
years have seen a 10% rise in atmospheric levels of CO; and at the same time global
temperatures have risen by 0.2°C. The burning of fossil fuels is thought to account for
half the global warming in the world through the greenhouse effect.
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The Applications of Solar Energy and Solar Radiation Data

in Renewable Energy Resource Planning

H. ALTAN, Y. GORJI-MAHLABANI
The University of Sheffield, School of Architectural Studies
The Arts Tower, Western Bank, Sheffield, S10 2TN United Kingdom

Email: h.altan@sheffield.ac.uk / arp98yg@sheffield.ac.uk

Tel: 0114 2220371/ Fax: 0114 2798276

ABSTRACT

This paper discusses the importance of solar energy use in buildings, as a building
energy supply for space heating, cooling and lighting, for the future of I[ran. It
examines the solar radiation data calculated on an hourly and a monthly basis by
using two individual calculation methods and presents the comparison between them.
Furthermore, certain positive suggestions about solar energy applications in buildings
and solar radiation data use in renewable energy resource planning are also presented
regarding the future of solar energy use in Iran. Moreover, in this study, crucial points

in renewable energy resource planning are discussed and necessary suggestions are

also made concerning environmental issues.

INTRODUCTION

Since the 1970s, over a thirty-year period, the interest in renewable energy has been
growing steadily all around the world. Today, there are very few countries, which

would perceive a future without renewable energy resources contributing to their

energy provision.

The energy crisis has been the cause of many governments searching for new ways ol

increasing the diversity of their energy supplies. It mainly affected the countries

outside OPEC (Organization of Petroleum Exporting Countries). The countrics like
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Iran and the rest of the OPEC world were carried into a completely opposite situation.
Their role was to export more oil and make a profit out of it: especially from
countries that would not have any other option in finding new ways of supplying their

energy needs.

In addition to these changes all around the world. there were also huge developments
in the technologies in the renewable energy world. Today. renewable energy resources

have become the most important consideration in energy provision in the world.

Generally, in the last ten years, concern about the environment has increased, and in

particular the environmental impacts of conventional energy systems such as global
warming, acid rain. ctc.. have revitalised the interest in renewables. Concerning the
environment, renewables are often considered to be environmentally friendly

Tesources and they will make a substantial contribution to our world energy supply.

Like many developing countries, today Iran is beset with serious energy supply
difficulties. The main issues are the rapid increase in energy demand/cost, air
pollution caused by over use of fossil fuel (usually used in buildings for heating

purposes), the limitation of fossil fuel resources and the high cost/difficulty of

transporting fossil fuel around the country (specially in winter). Moreover, there is the

need for careful planning and strategy as well as the development of a decision

support model for the future of Iran.
GENERAL DEFINITIONS

Renewable Energy

“Renewable energy is the term used to cover energy flows, which are occurred
frequently in the environment and can be harnessed for human benefit.” [1] The

ultimate sources of this energy are the Sun, gravity and the earth’s rotation.

Solar Energy

The Sun is the source of solar energy. Solar energy is one of the most important

renewable energy sources and can be derived from the Sun’s solar radiation to cover
most of the world’s energy supplies.
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Solar radiation can be converted to energy use directly via certain technologies such

as those given below:

Solar collectors to provide solar space or water heating during the cold
seasons can absorb the energy needed from the Sun.

Buildings can be designed with passive solar design strategies, which will
allow solar energy to contribute to their space heating requirements.
Furthermore, in buildings, small solar collectors are extensively used to
supply domestic hot water in several countries such as Australia, Cyprus,
Israel, Japan, etc.

Parabolic mirrors to provide heat at up to several thousand degrees Celsius

can convert solar radiation, and this high temperature may then be used either
for heating purposes or to generate electricity.
Photovoltaic devices (solar cells) can also be used to convert solar radiation

directly into electrical energy.

Solar radiation can also be converted to useful energy indirectly via other energy

forms, such as wind, wave, and hydropower.

Solar Radiation Data

Solar radiation data are the best source of information that is related to solar energy

besides other meteorological measurements. Solar radiation data can be available in

numerous forms, but they should include specific information such as:

information about; whether the measurements are direct measurements or
values integrated over some period of time (usually hour or day).

information about; the time or time period of the measurements.

information about; whether the measurements are of beam, diffuse or total
radiation, and the instruments used.

information about; the receiving-surface orientation; usually horizontal.

sometimes inclined at a fixed slope, or normal orientation.
information about; if averaged, the period over which they are averaged (e.g.

monthly averages of daily radiation).
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The Use of Solar Radiation Data

There are several approaches to the use of solar radiation data such as given below:

* o use the average solar energy available, for instance for a month, to estimate
the average performance of a process.

® to use the past hourly or daily data performance of a process that would have
been relevant under those past conditions, and on this basis project future
performance.

" to reduce the radiation data to a more manageable form by using statistical
methods, and use the resulting time distributions in process performance
predictions, such as, for example, the statistical treatment of radiation

available, which is based in part on collector performance.

Iranian Solar Radiation Data

These data are calculated for each city, such as Tehran, Mashhad, etc. by using
Islamic Republic of Iran Meteorological Organisation (IRIMO)’s statistics. The solar
radiation data reflect direct beam irradiance on a surface normal to solar beam, direct

irradiance on surfaces horizontal to and vertical to solar beam.

OVERALL DATA RESULTS

The examination of the preceding tables and graphs clearly shows that the solar

radiation data can be used confidently in renewable energy resource planning in Iran.

First of all, the manually calculated data are prepared by use of IRIMO statistics and
are specific to every city in Iran. On the other hand, Meteonorm was designed for

European use and is generally generated to cover the world cities.

When calculating the solar radiation for certain cities, for example, Tehran and
Chalos (which are on same the longitude, slightly different latitudes but also at the

same altitude) the manual calculation method displays incompatible results for both

cities, whereas meteonorm shows exactly the same data for both.
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In this case, it can be assumed that the manually calculated data are more useful in

that they are more precise and much more reliable compared to meteonorm data for

Iran.

Although, there are small differences in the tables and graphs shown above, the
results are relatively similar. In addition, they support the calculations done manually

and show that the results are dependable.

Due to the fact that the country has 8 different climate zones and the human

settlements are located variously among these zones, solar radiation differs and

should be estimated as precisely as possible.

CONCLUSION

Solar energy is one of the most significant and technically exploitable renewable
energy resources available in Iran. This needs to be taken into account seriously.

regarding both economical and environmental problems in that country.

This study restates and emphasises the importance of solar radiation data in
renewable energy resource planning. Therefore, in Iran, there is the need for the

precise calculation of solar radiation for each and every city in order to better exploit

the benefits of solar energy for the future of this country.

The overall data results show that there is sufficient solar radiation for the application
of solar design strategies in buildings. Solar technology applications in buildings such
as photovoltaics, active solar and thermal solar power and passive solar design will
provide a positive solution for the country’s air-pollution, especially in the city of
Tehran. Designing buildings with solar features will reduce the oil use in the country
and at the same time, will reduce CO; production, which is one of the principal
causes of global warming. Reduction in oil use in buildings also increases the
exportation of oil to other countries. As a result, Iran’s economy will be supported
and will benefit. Adapting new technologies into buildings will help Iran to become

an environmentally friendly country with a positive impact on the environment.
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ABSTRACT

This paper, once again, states the importance of environmental issues and good
building design. It reviews existing building environmental assessment methods
developed in the UK in the last twenty-five years and provides the benefits of using
energy efficient strategies and technologies with significant potential for energy
savings. This study also refers to existing methods added to the building regulations
and therefore, discusses whether they have been effectively transferred to the building
design community and worked as successful solutions. Furthermore, a comparison
study of five main building environmental assessment methods is carried out and

certain suggestions are made regarding the housing conditions. Moreover, crucial

points are also mentioned concerning global environmental.

Conference Topic: 3.2 Building Energy Analysis and Design Support Tool

1. INTRODUCTION

As a global matter, environmental issues and good building design have also been
increasingly important in the UK for the last twenty-five years. Additionally, building
environmental assessment methods have been developed with the intention of
accomplishing good building design, which could contribute considerably to reducing

pollution and improving the environment. These methods identify criteria for a range
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of issues also concerning the global. national and indoor environments and carry out

key objectives. such as:

* To raise awareness of the dominant role which buildings play in global

warming and reduce their long-term impact on the global environment.

* To provide a common set of targets and standards, which would not only
provide recognition for buildings, that is friendlier to the global environment

than normal practice. but also help to simulate a market for them.
* To improve the indoor environment quality and occupants’ health.

* To encourage designers to achieve environmentally friendly building designs.

2. REVIEW OF BUILDING ENVIRONMENTAL ASSESSMENT
METHODS

In the UK, there are five main building environmental assessment methods that have

been developed since early eighties and moreover added to the building regulations to
improve the building energy usage and increase the efficiency:

L. BREDEM- The BRE’s Domestic Energy Model is developed in 1980s by the
Building Research Establishment (BRE) and the Department of the Environment
(DOE). This method measures the energy use in occupied dwellings and shows that
the physical characteristics of a dwelling and the lifestyles of the occupants are about
€qually important in determining energy consumption. BREDEM exists in a number
of standardised versions, which differs in technical detail and in the precise
requirements for data related to particular application. Some versions are designed to

be implemented as computer programs while others are defined in such a way that do

not require the use of a computer.

2. SAP- Standard Assessment Procedure is the Government’s standard system
for home energy rating, which was published in 1993 and used to calculate the rating
based on the BREDEM. It is included as one means to satisfy the Building
Regulations Part L domestic buildings since July 1995. The SAP rating is normalised
for floor area and set out in the form of a worksheet, accompanied by serics of tables.

Results are presented on a scale of 1-100: the higher the number, the better the
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standard. In addition. there is a computer program approved for SAP calculations by
the BRE that could also be used.

3. Environmental Standard ~ BREEAM- Environmental Standard is the first
revision of BREEAM Version 3/91 for new homes. which replaces and reflects the
increase in knowledge and understanding of early issues since it launched in 1991.
BREEAM/New Homes is one of the series of five assessment methods developed by
BRE and Municipal Mutual Insurance Ltd for different type of buildings. BREEAM,
the BRE's Environmental Assessment Method. is developed in 1990 by ECD Energy
& Environment with the BRE. This method is based on readily available and
generally accepted information. As it is stated in one of BRE’s Reports [1], the
method identifies and credits designs where specific targets are met. Since its launch,

BREEAM has become the UK industry standard for specifying and benchmarking the
environmental performance of buildings.

4. NHER- National Home Energy Rating is a policy tool for Authorities and
Housing Associations, which calculates the energy performance of dwellings and the
first scheme to receive full governmental approval for the delivery of SAP. It is
designed in 1990 by the BRE in the function of a comprehensive system for
evaluating the energy efficiency of housing stock. The NHER has three steps towards
establishing and implementing an energy policy, which are: A Stock Profile; Priorities
and Targets; and Implementation. The software delivers many useful indices and
ratings including; the Government’s SAP, the NHER on a scale of 1-10, the Building
Energy Performance Index (BEPI), the total CO2 Emissions produced by a house.

S. MNYV STARPOINT- This Home Energy Labelling model is an essential aid
to achieving the needs and requirements set by the Government and the Housing
Corporation, which is launched in 1990. It aims to assess existing energy efficient
standards in housing, identify priority action areas and cost-effective improvements
and tests the extent to which these improvements can raise the rating and reduce CO2
emissions and heating bills. MNV STARPOINT is a computer software and its
products and consultancy services are based on the Government’s SAP. It has been

given to issue Home Energy Labels on a scale of ONE STAR being poor and FIVE

STAR excellent.
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Table I: A comparison study of five main building environmental assessment methods

(Y:Yes, N:No).

GENERAL CRITERIA

Produces an encrgy rating/ls a software based program/Offers
" it . N[Y|Y Y Y
reater flexibility in benchmarking building portfolios
Suitable for calculating SAP ratings/Provides simple means of
. L - . Y|Y [N[Y|Y
reliably estimating the energy efficiency performance
Provides a framework for calculation of energy use in buildings
Thermal insulation of the building envelope: the efficiency and
control of the heating and hot water systems; and the ventilation NIy InTy N
characteristics of the dwelling are included when calculating
energy costs
Estimates the energy used for space and water heating/Consists
of worksheets/Enables the levels of energy efficiency in
buildings to be compared
Additionally takes into account CO2, CFC and HCFC
emissions; renewable resources and recycled materials; lighting;
etc.
Providcs guidance and covers issues such as global, local and NIN(Y INTY
indoor
Encourages the use of public transport and cycling/Provides the
environmental assessment of materials and rating for

recyclability

3. CONCLUSION

In the UK, more than twenty-five years of research background has produced broad
understanding of the implications of the energy use and helped increasing the number
of building environmental assessment methods with significant potential for energy
savings. These methods are not only covering a large part in the research background
achieved in the country, but also playing an essential role in increasing awareness of
the importance of energy efficiency and encouraging energy conscious building
design throughout the country. Moreover, they have been added to the building
regulations to improve the building energy usage and increase the efficiency of
building stock. However these methods have not been effectively transferred to the
building design community. Yet these schemes aimed to assess the building stock

could be more effective solutions. In fact, recent studies suggest that the UK building

stock is in poor conditions [3], [5}].

Against this background, my research advocates that more emphasis should be paid to
encouraging property developers to design energy conscious buildings as opposed to
previous studies that have mainly focused on tool developments and ratings. Today.
as being one of the most important issues, sustainable development is forever on the

agenda. Therefore, the knowledge gap between the developed building environmental
183




Publications

Appendix C

assessment methods and the building design community, should be bridged rapidly.

Additionally, the building regulations and associated policies could be more effective

and efficient. Moreover. the use of energy ratings should enable decision makers to

take energy efficiency into account on a rational basis when designing new dwellings

or refurbishing existing ones. For building professionals, ratings can be used as a

design tool to optimise energy efficient design.
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ABSTRACT

Today, global warming is one of the most dangerous instabilities that we are
introducing into our ecosystem. Accordingly, the relationship between global
warming and the way we use energy in our homes is becoming increasingly related
and crucial. Energy used in the home is responsible for significant amount of the
UK’s CO, emissions. It is a major contributor to ‘Global Warming’ and therefore,
improved energy efficiency is a key element of necessary changes. This study is
aimed to introduce the importance of energy efficiency improvements in housing.

Improvements in this sector will therefore help significantly to the whole

improvement programme in housing in the country.

Conference Topic: Case Study

Keywords: Climate Change, Home Energy Use, Environment, Energy-Efficiency

Housing
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INTRODUCTION

Global Warming and Energy Use

Global warming today is one of the most dangerous instabilities that are being
introduced into our ecosystem. Consequently, the relationship between global
warming and the way we use energy in our homes is becoming increasingly related
and crucial. Energy used in the home is responsible for about 30% of the UK’s CO,

emissions. This is a major contributor to *Global Warming’ and therefore, improved

energy efficiency is a key element of necessary changes.

As a contribution to global efforts to prevent (limate Change running out of control,
the United Kingdom should plan for a reduction of 60% over the next 50 years in the
amounts of carbon dioxide it produces by burning fossil fuels. This is again one of the

key conclusions of a major report published in the year 2000 [1].

Furthermore, information also published by the Department of Trade and Industry
shows that in the UK almost 50% of the total energy used by the country is accounted
for the building sector [2]. This supports the idea of why the government is given the
commitment to reduce the emissions of ozone depleting gasses by 20% and ensure

that the building sector is playing its fair role in helping to meet these standards.

In this study, it is aimed to introduce the importance of potential energy efficiency
improvements in housing in Sheffield. Improvements in this sector will therefore help

significantly to the whole improvement programme in housing in the country.

Households and Energy Consumption

In the UK, household’s share of total energy consumption stands at 29%; higher than

the shares of the industrial and service sectors, lower than the share of transport’s [3].

Additionally, total energy consumption in the domestic sector rose by just under a

quarter between 1973 and 1998 (see figure 1).
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Figure 1. UK energy consumption rate by sector 1965-2010.

As the report states, over the 25 years period (1973 -1998), despite the increase
mentioned above, the total energy consumed within the home by the average UK
household fell by about a tenth. Now this fall is mostly attributable to a decline in the
average number of people per household, to an increase in insulation and draught

proofing as new homes are built and existing dwellings are improved, and to the

introduction of more energy efficient heating systems.

Moreover, it is stated that, a single household’s total energy consumption depends
heavily on levels of insulation and draught proofing and the heating system it uses.
The government’s Standard Assessment Procedure (SAP) for the energy costs rating
of dwellings is currently extensively used to measure the basic energy efficiency of
UK homes (see figure 2) for space heating and hot water [4]. Although the existing

housing stock has steadily improved, most of it is still far from having cost-effective

levels of insulation.

SAP rating number of homes (millions)

0-20 L8 8
20-39 6.1 7
40-59 114 51
60-79 3l 14
80 plus 0.1 0

225

Figure 2. SAP ratings.

Analysis of SAP ratings from these surveys demonstrates that lower income
households are those who can least afford to waste energy and live in the most
inefficient property that are hardest to heat. In the country, generally the privately
rented sector has a lower rating than owner-occupied, council and housing association

homes, which is reported by the Department of Energy’s Energy Report [3].
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Housing in Sheffield

Over 1 in 5 people in Sheffield are over pension age, which is higher than any other
metropolitan district. People over 85 ages are rising by 2.9% per year. Although
Sheffield’s population is projected to fall over the next ten years, the number of
households is increasing and this reflects the growing number of smaller households,

with almost 1 in 3 households consisting of only one person [5].

Large number of households contains someone who has problems coping with their
accommodation because of disability, health problems or long-term illness. These
households are often most at risk from fuel poverty. Although Sheffield has a low

proportion of households with children (26.7%), it is expected to increase.

Sheffield has a large number of terraced properties, which were constructed before
1919 (mainly owner-occupied. some privately rented) and are in poor state of repair.
15% of terraced homes are unfit, with the main reasons dampness and disrepair.
There are high proportions of purpose built flats, which have large number of one and
two bedroom properties compared to other metropolitan districts and very small

proportion of large family houses (seven or more rooms — less than 20,000 homes)

[3].

Large number of council houses is in need of modernisation including improved
heating and insulation. Additionally, over 14,000 properties are without central

heating, the vast majority of the stock is lacking the insulation required by building
standards.

The average energy rating for the council stock is 4 and 5 on the NHER scale. Over

27,000 properties have a rating of 3 or less. In the private sector, 30,000 properties

have a SAP energy rating of 30 or less [5].

Over 20,000 private sector properties (15%) have no insulation and the rest 23,000
(17%) have less than current building standards. 16% of properties rely on individual
room heaters as their main source of heating. Over half of houscholds (51%) in
unfurnished tenancies lack central heating. 46% of private sector properties are

estimated as having solid walls, which restricts the option for insulation.
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According to the report published by Sheffield Housing, overall 17% (37,719)
households had difficulty paying their fuel bills. This was most severe for council
tenants (22%) and for tenants of private sector landlords (28%). 34% of households
did not heat all their rooms in winter due to the following reasons; too expensive to

heat all the rooms (22%). had no heating in some rooms (22%) [5].

Table 1. Total energy use by tenure (1996).

Council Tjoules p.a. Percentage £million p.a. j
Space heating 5,210 66 225
Water heating 1,760 23 10.6
Cooking 334 4 1.3
Lights and appliances 564 7 10.4
Standing charges n/a n/a 5.6
Total 7,868 504
Owner occupied Tjoules p.a. Percentage £million p.a.
Space heating 13,000 72 54.7
Water heating 2,970 16.5 15.1
Cooking 661 4 2.6
Lights and appliances 1,350 1.3 252
Standing charges n/a n/a 9.9
Total 17,981 107.5
These calculations give an average weekly energy bill of £13.55 for council tenants and
£16.18 for owner-occupiers.

Table 2. Total energy consumption by tenure (1996).

Energy CO2 Emissions Average Rating
o (Tjoules p.a.) (ktonnes p.a.) (NHER)
Owner occupied 18,000 1,423 4.6
Council 7,880 657 4.5
Private rented 2,056 159 »
Hosing Association 651 33 *
Total 28,587 2,292
* Data was calculated using the Building Research Establishment sofiware, which generates a
less accurate energy consumption figure.

NHER Rating

Figure 3. NHER ratings for council housing.
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RESULTS AND DISCUSSIONS

In the UK, the replacement rate of old homes by new, more energy-efficient ones is

extremely slow; less than one tenth of 1% of the UK housing stock is demolished

each year [6]. This means that there have to be major improvements to the energy

efficiency of the existing stock if household energy consumption is to be reduced.

The Home Energy Conservation Act 1995 requires UK local housing authorities to
draw up strategies for cost-effectively raising the energy efficiency of private and

public sector homes in their area. Also, a recent study indicates that the Act is

unlikely to achieve such an improvement [8].

Table 3. Energy efficiency improvements, Sheffield 1996.

e Average
: Enel CO, Emissions ;
Council Housing Dwellings T n'rgy kt2 Rating
(Tjoules p.a.) (ktonnes p.a.) (NHER
Before improvements 71,510 7,880 657 4.5
IAfier improvements 71,510 3,117 309 6.3
Skl Average
Owner occupied : Energy CO, Emissions Rati
Housin Dwellings Tical Kt ating
ousing (Tjoules p.a.) (ktonnes p.a.) (NHER)
efore improvements| 127,730 18,000 1,423 4.6
A fter improvements 127,730 5310 457 .7
" S i Average
Private rented sector : Energy CO, Emissions Rati
Housin Dwellings Tioul K ) ating
2 (Tjoules p.a.) (ktonnes p.a.) (NHER)
Before improvements 17,380 2,056 159 n/a
A fter improvements 17,380 601 49 n/a
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ousing Association | Dwellings (Tifun):g; a) ((‘S;:nr:issions ] /\Rva::ralic
] S p.a. s p.a.) (NHER)
cfore improvemcms{ 8.020 r 651 53 N/a
After improvements ] 8.020 J 172 15 n/a J

Above tables show the energy efficiency improvements, which can achieve the 30%

target set by Sheffield’s Home Energy Conservation Act (HECA) programme [5].

Furthermore, Sheffield’s HECA Strategy's full report stated that the measures to

achieve these savings are estimated at £383.42 million and the time scale s at to over

10 years.
Table 4. Overall results by tenure, Sheffield Housing 1996.
henurc CO, Reduction (%) Energy Savings (%) J
Eouncil Housing 53 60 j
Owner occupicd Housing 68 70 j
Private rented sector Housing 69 71 J
[Housing Association 72 74 ]

According to the overall results given above, Sheffield’s HECA programme can
achieve an average overall 65% savings. This can show that all the other cities can
achieve similar percentage savings and therefore, we could say that the UK, as an
individual country, can achieve overall 50% CO, reduction and total energy savings

by the year 2010, which is also the deadline for Kyoto Protocol.

CONCLUSION

The results of this study will not only help us in our aim to improve energy efficiency
in our homes and increase standards and performance of the properties, but also help
the potential for future improvements and energy savings in the UK. Additionally, the
study will assist to develop a strategy for energy efficiency improvements in housing

sector in this field. Presented data will also accelerate the necessity of improvements

and consultancies in private sector within the country.

Overall, it will help to make a small-but significant-contribution to the well being of

the global environment; live in a healthier environment; save encrgy.
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This survey is again a reminder for all architects. engineers, project managers,
consultants and other professionals involved in energy efficiency improvements to

comprehend the importance of home energy use in our environment.
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ABSTRACT

Along with the UN Framework Convention on Climate Change signed in 1992, UK
government has committed to reducing the emission of six greenhouse gases with
carbon dioxide being the most significant to 12.5% lower than the 1990 levels. The
government has also indicated that it has an aim of further reducing the emissions
with an eventual target of 20% below the 1990 levels by 2010. Today, the housing
stock is responsible for about 30% of overall emissions, which is a major contributor
to global warming and therefore, improving energy efficiency and reducing carbon

dioxide emission within housing stock is a key factor for long-term sustainability in

the built environment.

Conference Topic: Case Studies

Keywords: Sustainable Development, CO, Emission, Energy Conservation

1. BACKGROUND

The UK Government has signed the UN Framework Convention on Climate Change
in Rio de Janeiro in 1992 and is therefore committed to reducing the emission of six
greenhouse gases with carbon dioxide being the most significant to 12.5% lower than
the 1990 levels. The government has also indicated that it has an aim of further

reducing the emissions with an eventual target of 20% below the 1990 levels by 2010

[].
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In the UK, energy consumed by the building stock approaches 50% of the total while

transport is responsible for 28% and predicted to rise significantly. Moreover, energy

used in housing sector is responsible for about 30% of overall CO, emission and

considerably is a major contributor to global warming [2]. Today, home energy

consumption has become one of the key elements of improving energy efficiency and

reducing carbon dioxide emission in the country.

2. AIMS AND OBJECTIVES

Increasing standards in private housing sector in order to contribute the
overall improvement programme in the UK.

Analysing energy efficient housing strategies and current technologies to
examine the delivery of required standards.

Performing modifications to dwelling base designs to improve energy-
efficiency within studied properties.

Introducing case study results to landlords/landladies to encourage energy
conservation.

Encouraging the use of low energy (high-efficiency) lighting, such as compact
fluorescent bulbs, to help energy savings in buildings.

Promoting energy savings throughout the housing sector in Sheffield and

ultimately in the entire UK.

3. METHODOLOGY

For the determination of energy efficiency potentials in studied properties and

analysed areas, it is necessary to have information on the following:

The current condition of the property, including the efficiency of space and

water heating systems in use.

The SAP rating of the dwelling with respect to CO, emission.
The reduction analysis of the property CO, emission due to the modification

carried out to base designs.
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Work carried out in this study at the University of Sheffield. has demonstrated quite
clearly that the importance of energy efliciency in private housing sector within
Sheffield will therefore help significantly 10 the whole improvement programme in

the UK.

The main factors examined are:

* House Conditions (Energy rating with SAP).

* Costof Energy Use (Both for Space and Water Heating).

*  CO; Emissions.

* Effective Air Change in the Property (Natural Ventilation).

® Heat Loss Parameters (HLP).
Over 600 questionnaires were distributed to obtain the initial information about the
conditions of privately rented properties within Sheffield. With the feedback gained,
analysis have been carried out and recorded. Moreover, SAP calculations, layout
plans and current photos of these properties have also been verified and attained for
future references 10 help the improvement programme for energy efficiency. The

information produced in this study relates to properties mainly rented by the

university students, staff and other professionals within areas such as $3, S10, etc.

4. CASE STUDY RESULTS

More than 200 properties have been examined; existing conditions (with relevant
SAP rating), cost of energy use (both for space and water heating), CO; emissions,

effective air change in the property (natural ventilation) and heat loss parameters have
been calculated.

Case study has also been followed up by the comparison between results obtained

from Stelrad software (Home Assessment Rating Procedure) and SAP (Standard
Assessment Procedure) rating version 9.53.

Table 1: Comparison of Property Base Designs.
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STUDIED PROPERTIES
REQUIRED SAP RATINGS = 80/81/82/83/84/85
PROP. NO SPACE WATER TOTAL CO, SAP P/F
PROP. | 263.01 150.04 413.05 4.54 54 F
PROP. 2 265.82 150.04 415.86 4.57 54 F
PROP. 3 297.99 158.68 456.67 5.07 60 F
PROP. 4 312.81 156.55 469.36 5.23 56 F
PROP. 5 314.86 152.42 467.28 52 51 F
PROP. 6 307.91 152.42 460.33 5.12 52 F
PROP. 7 292.58 150.04 442.62 4.9 51 E
PROP. 8 321.93 160.22 482.15 5.38 59 F
PROP. 9 294.79 155.87 450.66 5] 57 F
PROP. 10 310.04 155.87 465.91 5.18 56 F
PROP. 11 246.31 148.8 395.11 4.32 54 F
PROP. 12 259.6 126.35 385.95 4.21 56 F
PROP. 13 313.62 155.87 469.49 5.23 55 F
PROP. 14 313.62 155.87 469.49 5.23 55 F
PROP. 15 396.31 166.31 562.62 6.36 58 F
PROP. 16 338.12 155.15 493.27 .52 52 F
PROP. 17 294.03 164.39 458.42 5.09 66 F
PROP. 18 406.4 179.26 585.66 6.65 69 F
PROP. 19 408.87 179.26 588.13 6.68 69 F
PROP. 20 415.39 179.26 594.65 6.75 68 F
PROP. 21 415.39 179.26 594.65 6.75 68 F
PROP. 22 481.29 190.76 672.05 1.7 73 F
PROP. 23 835.54 195.77 1031.31 19.46 53 F
PROP. 24 278.14 150.04 428.18 4.72 52 F
PROP. 25 25241 151.7 404.11 4.43 57 F
PROP. 26 290.19 152.42 442.61 4.9 54 I
PROP. 27 296.75 154.51 451.26 5 56 F
PROP. 28 268 114.98 382.98 4.17 59 F
PROP. 29 233.79 151.27 385.06 4.2 59 F
PROP. 30 321.08 173.76 494.84 5.54 72 F
PROP. 31 237.96 151.7 389.66 4.25 59 F
PROP. 32 273.71 151.7 425.41 4.69 55 F
PROP. 33 279.71 160.47 440.18 4.87 64 F
PROP. 34 253.56 160.86 414.42 4.55 67 K
PROP. 35 253.56 160.86 414.42 4.55 67 I
PROP. 36 253.56 160.86 414.42 4.55 67 F
PROP. 37 264.33 163.07 4274 4.71 68 P
PROP. 38 270.68 166.31 436.99 4.83 70 F
SPACE/WATER/TOTAL: COSTS £ YEAR, P/F: PASS/FAIL

Figure 1: Property SAP Rating within Sheffield.
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Figure 2: Property CO, Emission within Sheffield.
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Figure 3: Property Energy Costs within Sheffield.
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S. ANALYSIS AND OUTCOME

Table I shows different category of property base designs in respect to SAP rating,

CO; emission and total energy consumption in studied properties within Sheffield.

This emphasises the predominance of SAP rating output, which is mainly between
50-60, due partly to CO, emissions. Analysis of house conditions show that, average
SAP rating is 56, which is again below required building regulations. In relation with
the age of the property, it is estimated that during the Industrial Revolutions of the
18th and 19th centuries, there has been a massive increase in housing, which on
average, 50% of private rented housing could be solid wall dwellings. It is also stated
that around two thirds (66%) of solid wall dwellings are owner-occupied, with only
18% in the social rented sector, and 16% in the private rented sector. This has

implications both for the way improvement of solid wall housing is marketed and for

solving the problem of fuel poverty [3].

The key problem is that solid wall homes are generally energy inefficient. Some very
thick walls retain heat and protect from extremes of temperature, but the age of these
homes means that there is often a problem with damp, either through floor
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construction or inability to provide an effective damp course. Energy efficiency of a
house is shown by its energy rating (SAP rating), which nominally runs from 0 to

100, but because it is a calculated figure rather than a scale, highly energy efficient

homes can achieve ratings of 105 or more [4].

For the solid wall building. adding gas central heating leaves it below the national
average. As SAP rating is also an indicator of the amount of expenditure needed to
keep the dwelling warm. it can be seen that introducing better insulation has a far

greater effect in raising the SAP rating and reducing the amount spent on fuel than

Just switching fuels [5].

However, when considering climate change and CO, emissions, whilst insulation
reduces CO2 emissions by over 40%, just switching fuels makes a difference of more
than 50%. Nevertheless, doing both reduces emissions by over 70%. It is likely that a
programme that concentrated on installing gas central heating in homes would also be
required to increase the loft insulation where possible and fit other measures such as
draught proofing. It would be useful to have some fuller modelling of these scenarios
based on actual numbers of homes that could be addressed by different measures,

such as that carried out for housing stock in Sheffield (see table II and I1I).

Table II: Comparison of SAP Ratings and CO, Emissions between Double-Glazed and Central-
Heated Properties within Sheffield.

Property A | SAP Rating | CO, Emission
No Insulation or Double Glazing; s1 52
Gas Central Heating & Single Point Hot Water
| Fabric Modifications 59 431
| Heating & Hot Water Modifications 65 3.7
Full Modifications; Fabric, Solar, Vent., Heating & J 81 2.62 J
Hot Water
Property B SAP Rating CO, Emission
No Insulation or Double Glazing; 53 19.46
Electric Storage Heater
Fabric Modifications 60 1635
Heating & Hot Water Modifications 64 17.49
Full Moditications; Fabric, Solar, Vent., Heating & 78 11.98
Jﬁot Water
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To summarise, properties with solid walls, of non-traditional construction types
and/or off gas network are mostly have SAP ratings below average. There are

insulating and/or heating solutions that can improve the SAP ratings and reduce the

amount of CO, emitted through inefficient use of fuel.

Table 111: Performed Sample Details of Modifications to Original Base Design.

PROPERTY C REQUIRED SAP RATING = 83
DESIGN OPTIONS SPACE | WATER | TOTAL | CO, | SAP
BASE DESIGN 294.79 15587 | 450.66 5 57
I. BASE + FABRIC MOD. 23443 155.87 3903 | 426 | 64
2. BASE + HEATING MOD. 225.44 15587 | 38131 | 415 | 65
3. BASE + HOT WATER MOD.|  309.02 10347 | 41249 | 453 | 62
:1081{\\:5/\:!”}::4];')][\;(, Ay 2363 10347 | 33977 | 364 | 71
5. BASE + VENT. MOD. 272.64 15587 | 42851 | 473 | 60
3&'.\,?';,:)%'.\'**1'(‘ i 184.16 15587 | 34003 | 365 | 71
7. BASE + SOLAR MOD. 267.87 15587 | 42374 | 467 | 60
8. FINAL MODIFICATIONS

Fabric/Solar/Vent. 151.1 103.47 254.57 2.6 86
Heating/Hot Water

SPACE/WATER/TOTAL: COSTS £ YEAR

Figure 4: SAP Rating Chart for Property C.

SAP RATINGS

DESIGN OPTIONS

Figure 5: CO, Emission Chart for Property C.
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Figure 6: Total Energy Costs Chart for Property C.
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Figure 7: Sample Sheet of Stelrad Home Assessment Rating Procedure Results.
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6. CONCLUSION

The results of this study will not only help us in improving energy efficiency and

increasing standards of these properties, but also help the potential for future

improvements and energy savings in the UK.

Furthermore, the study will assist to develop a strategy for energy efliciency
improvements in private housing sector in Sheffield and therefore accelerate the

necessity of improvements and consultancies in housing sector within the country.
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On the whole, it will help to make a small-but significant-contribution to the well

being of the global environment and energy conservation.

This survey is again a reminder for all architects, engineers, project managers,
consultants and other professionals involved in energy conservation to grasp the

importance of energy efficiency housing and potential future improvements within

housing sector in the UK.
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