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ABSTRACT

Within the current context of the UK’s commitment to reducing carbon dioxide
emissions, a clear understanding of the nature of the problems, obstacles and
complexities facing the implementation of renewable energy technologies, in particular,
in urban areas is urgently required. Technical and economic obstacles are often
regarded as the most important problems facing the use of renewable energy
technologies. However, with the promise that the most significant technical and
economic obstacles will be overcome in the foreseeable future, it is essential to
determine whether any other obstacles exist. Given a better insight into what key
stakeholders, namely energy suppliers and end users, expect from energy supplies
and services, respectively, it is possible to have a clearer understanding of the issues
involved with such non-technical and non-economic obstacles. Whilst technical and
economic considerations should not disregarded, a systematic approach, which
encompasses a means of establishing different stakeholder expectations, provides an
analytical tool with which to assess the ability of the existing energy system and
renewable energy technologies to satisfy the energy requirements of stakeholders.

Using Sheffield as a case study example, the relative potential contribution which
renewable energy could make in reducing carbon dioxide emissions is assessed by
means of an energy study. This provides a helpful framework for identifying key areas
of energy consumption and carbon emissions, ways of reducing energy consumption
through energy efficiency measures, and the impact of utilising local renewable energy
resources. Substantial opportunities for reducing carbon dioxide emissions throughout
Sheffield are established, especially in connection with utilising renewable energy
technologies to supply energy efficient buildings.

Both renewable energy technologies and energy carriers, which are relevant to
Sheffield, are examined systematically. This involves establishing the technical and
economic status of passive solar design, active solar systems, photovoltaics, wind
power, biomass energy and small-scale hydro technologies, followed by an evaluation
of each technology against the relevant stakeholder demand criteria. The key issues
facing the utilisation of existing energy carriers of electricity, gas networks and district
heating systems, all of which link energy supply to demand, are also examined. The
uses of hydrogen as a new energy carrier are explored in more detail to establish the
technical and economic status of hydrogen technologies and its performance against
the stakeholder demand criteria.

The result is a better understanding of the nature of the obstacles facing the
implementation of renewable energy technologies in Sheffield. In addition to technical
and economic issues, the influence of wider non-technical and non-economic obstacles
on the uptake of renewable energy technologies in Sheffield is considered. Solutions
to the problems are put forward and their likely ability to promote the implementation of
renewable energy technologies in urban areas is briefly assessed. The overall
outcome is that the potential exists for Sheffield and other urban areas in the UK to
utilise local renewable energy resources provided that effective solutions, such as
those proposed here, are instigated to ensure that established stakeholder
expectations are met in full.
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1. INTRODUCTION
1.1 Context

In recent years, there has been growing interest in renewable energy and its long-term
contribution to energy provision in the United Kingdom (UK). This interest has been
stimulated by environmental and sustainability concerns over the use of fossil fuels,
namely coal, oil and natural gas, and nuclear energy sources. The burning of fossil
fuels releases carbon dioxide‘emissions, a major contributor to global climate change
along with other greenhouse gases. Research has shown that on a global level, the
energy sector is the largest single source of carbon dioxide emissions and 40% of all
greenhouse gas emissions are released from the combustion of fossil fuels (PIU,
2002). The signing of the Kyoto Agreement in 1997 signified an important step in
seeking to reduce greenhouse gas emissions at an international level. Based upon a
recommendation by the Royal Commission on Environmental Pollution (RCEP), the UK
has set a target to reduce carbon dioxide emissions by 60% below 1990 levels by 2050
(RCEP, 2000 and DTI, 2003a). In addition to the problems of producing energy from
fossil fuels, nuclear energy also poses serious environmental issues. Whilst nuclear
energy is carbon neutral, its production results in radioactive waste and long-term risks
of contamination. In the UK, the current energy system relies heavily on these
conventional energy sources. Fossil fuels and nuclear energy contributed 89% and 9%
respectively to primary energy production in the UK in 2002 (DTI, 2003a).

The reliance on fossil fuels and nuclear energy also raises issues over the
sustainability of using such resources. Sustainability principles indicate that it is
important for the UK to continue to develop without irreversibly damaging the
environment, both now and in the future. The finite nature of fossil fuels and nuclear
energy and the environmental problems associated with their use, makes them
unsustainable. Although renewable energy sources only contributed 2% to primary
energy production in the UK in 2002, they display a number of key characteristics
which makes them more preferable than conventional energy resources (DTI, 2003a).
Firstly, renewable energy sources, such as solar energy, wind power and biomass, are
naturally-replenished as they are consumed, so they never run out (IEE, 1994).
Secondly, renewable energy sources are carbon neutral. Thirdly, renewable energy is
readily available across the UK. As the majority of energy consumers live and work in
urban settlements, towns and cities have high concentrations of energy demand. The
high energy demand also makes urban settlements responsible for associated carbon



dioxide emissions. Although some renewable energy sources are site-specific, most
are ubiquitous to all urban areas. One of the most commonly available renewable
energy sources in urban settlements is solar energy. Other renewable energy sources,
such as geothermal power, are specific to certain towns and cities. And finally, it is
recognised that all energy developments have environmental impacts. With careful
management, any adverse environment impacts of renewable energy developments
can be successfully mitigated against.

Whilst there is a need to minimise the environmental and sustainability impacts of
energy provision, there is a continuous need for energy. Energy is an essential part of
every day life as it provides consumers with key energy services of heat, motive power
and electrical-based services. Without a plentiful supply of energy, everyday life, that
people are accustomed to, would cease to exist. As such, energy is a key driver of
human activity and environmental change. In order to reconcile environmental and
sustainability concerns with the continuous demand for energy, a fundamental shift in
energy provision needs to take place. Whilst the utilisation of energy efficiency
measures can help to reduce the demand for energy and lower associated carbon
dioxide emissions, they only provide part of the answer. The rest of the answer lies
with renewable energy sources. An energy system based on renewable energy
sources would deliver energy to consumers whilst meeting environmental and
sustainability concerns. In particular, carbon dioxide emissions would be significantly
reduced. This is a more sustainable approach which will test the commitment of the
UK in seeking a balance between energy and the environment. Although this approach
may be more preferable, the adoption of renewable energy technologies as a basis for
sustainable energy systems will require fundamental changes at all levels in society.
Energy production, supply and demand must be modified in order to achieve
sustainability. This will require urban areas to become responsible for local energy
consumption, carbon dioxide emissions and managing the impacts of energy
production.

At present, the use of renewable energy technologies, particularly in urban areas in the
UK, is very low. Whilst the environmental and sustainable advantages of renewable
energy have been widely recognised and acclaimed, there is a gap between an
awareness of the advantages and the practical deployment of renewable energy
technologies within communities. To date, renewable energy projects have been
influenced by a wide range of different technical, economic, non technical and non

economic obstacles. Each obstacle, as a single issue or a combination of issues, has



influenced the uptake of renewable energy and any move towards sustainability. As
such, any transition towards the wider deployment of renewable energy is faced with
problems, complexities and a new set of challenges. The transition raises questions
concerning the practical ability of renewable energy sources to meet local energy
needs, reduce local carbon dioxide emissions and contribute to the sustainability of
urban areas in particular. Also, it is debatable whether a transition towards a
renewable energy system can take place using existing energy infrastructure. Given
the complexities of the issue, a detailed examination of the problem is necessary on a

local level.
1.2 Aims and Objectives
1.2.1 Aims
The aims of this thesis are to:
¢ Investigate the potential contribution which renewable energy technologies can
make to the reduction of carbon dioxide emissions, specifically, and achieving
sustainable development, generally, by their practical implementation in the

urban environment with reference to Sheffield as a case study example, and

¢ Determine the most appropriate and suitable measures for promoting their

deployment in towns and cities of the UK.
1.2.2 Objectives
The specific objectives of this thesis are to:

e Determine the energy expectations of different stakeholders and evaluate the
existing energy system against these expectations,

* Review the current status of renewable energy technologies which are relevant
to Sheffield in relation to their technological maturity, economic competitiveness

and consider wider non-technical and non-economic issues,

¢ Determine prospective carbon dioxide savings which can be achieved by the
épplication of relevant renewable energy technologies within Sheffield,



o Establish the technical, economic, non-technical and non-economic obstacles

to the deployment of renewable energy technologies in Sheffield,

o Identify suitable measures for the practical promotion of renewable energy
technologies in Sheffield, specifically, and the UK, generally.

1.3 Methodology

As indicated by the above aims and objectives, the evaluation of measures to promote
urban renewable energy use addresses a wide range of issues across many
disciplines. In order to prioritise key issues throughout the research, a systematic,
multi-disciplinary approach has been adopted based upon a case study. Sheffield has
been chosen as an example of a representative UK city for which a sound basis of
essential data is available. In particular, this research builds :Jpon existing energy
assessment work on the "Municipal Integration of Renewable Energies" (MIRE),
carried out in Sheffield by the Resources Research Unit of Sheffield Hallam University
in 1992. The earlier work produced preliminary assessments of energy consumption
and renewable energy resources in Sheffield and the surrounding area (Grant, 1993,
1994a, 1994b; Grant, Kellett and Mortimer, 1994a, 1994b, 1995a, 1995b; Grant et al,
1994c; Kellett, 1993, 1994a, 1994b; Mortimer, 1'993, 1995 and Mortimer, Kellett and
Grant, 1994). Policy and planning procedures for the implementation of local energy
strategies intended to reduce energy consumption and associated carbon dioxide
emissions were also investigated (Kelly and Mortimer, 1996). The case study provides
a realistic quantifiable basis for exploring the practicality of producing energy from local
renewable energy resources and acts as a framework for identifying the issues facing

the deployment of renewable energy technologies within an urban area.

A programme of research has been produced in which a number of key tasks are
identified. Each task provides the basis for the next or later stages of analysis. The
first task is to identify who are the stakeholders and what do they expect from energy
services. Qualitative research methods are used to analyse secondary sources on
consumer research, green consumerism and company information and reports. From
this examination, a list of stakeholder demand criteria are produced which identifies
and defines the energy expectations of energy suppliers and end users. The existing
energy system can then be evaluated against these criteria to identify areas of
compatibility and incompatibility between current energy supply and demand. This



information provides the necessary context of the thesis, and is the subject of Chapter
2.

If renewable energy resources are going to provide the basis for achieving sustainable
energy systems within urban areas, it is necessary to explore the availability of local
renewable energy resources and their potential contribution to reducing associated
carbon dioxide emissions. Using Sheffield as a case study example, the second task is
to produce an energy study for the district of Sheffield. Energy studies are used to
determine current energy demands and carbon dioxide emissions and, in some cases,
to provide a base for predicting energy savings and renewable energy opportunities.
Previous energy studies have been produced for buildings, transportation, cities and
regions (including Best Foot Forward, 2002; Cooper et al, 2001; Cosmi et al, 2003;
Grant and Kellett, 2001, 2002a, 2002b, 2002c and Pout et al, 1998). There are many
quantitative methods available for producing energy and carbon dioxide assessments.
A review of the different energy assessment methodologies can be found in Appendix
A. The Sheffield energy study uses existing methodologies from the MIRE study to
allow for future comparison between the results. The Sheffield energy study comprises
of three sections, namely a baseline energy assessment, an energy efficiency
assessment and a renewable energy assessment. The methodology and resuits of the
baseline assessment of energy consumption and associated carbon emissions in
Sheffield can be found in Appendix B. The methodology and results of the energy
efficiency and renewable energy assessments for Sheffield can be found in Appendix C
and D, respectively. Energy use and associated carbon emissions in Sheffield are
examined in Chapter 3. This includes defining the study area and summarising-land
use patterns, presenting the key findings of the energy study and summarising the
implications of these findings for Sheffield. The opportunities for reducing carbon
dioxide emissions through the use of locally available renewable energy resources are
explored in Chapter 4. Ways of reducing energy consumption in buildings through
energy efficiency measures are presented followed by an assessment of local
renewable energy prospects and future energy use in Sheffield.

In addition to examining ways in which the utilisation of energy efficiency measures and
local renewable energy resources can lower carbon dioxide emissions within Sheffield
and contribute to the development of a sustainable urban energy system, the energy
study also provides the basis for identifying available renewable energy resources in
Sheffield. A range of different renewable energy technologies, which could be utilised
to exploit renewable energy resources in Sheffield, are put forward and examined in



turn. Using qualitative analysis, a comprehensive literature review of the renewable
energy technologies applicable to Sheffield is undertaken. Although renewable energy
potential may exist within an urban area, it can only be exploited if renewable energy
technologies are technically and economically available. In addition, wider non-
technical and non-economic issues may influence their utilisation. As such, this review
seeks to answer the following questions; how can the technologies be used in an urban
environment, what is the current status of the technologies and what issues influence
their implementation within an urban settlement. Using a wide range of sources
including books, journals, reports and internet website addresses, the renewable
energy technologies of passive solar design, active solar systems, photovoltaics, wind
power and small-scale hydro power are evaluated against the following criteria:

e Basic Aspects,

¢ Resource Considerations,
e Applications,

e Technical Status, and

e Economic Status.

Unlike other renewable energy resources, biomass energy is complex due to the
diversity of the resource. In order to convert biomass energy into useful energy,
different types of conversion technologies can be used depending on the type of
biomass and the final output required. To ensure that all the necessary issues
concerning biomass energy resources are fully éxplained, more detailed criteria are

necessary:

e Basic Aspects,

e Resource Considerations,

e Biomass Preparation,

e Conversion Technology,

¢ Processing Technology,

e Outputs and Applications, and

e Economic Issues.

This detail can be found in Chapters 5 to 10, which examine solar energy technologies,
wind power, small-scale hydro power and biomass energy, respectively. The basic
aspects, resource considerations and status of each of the technologies are examined



in the first half of each Chapter. The second half examines how renewable energy
technologies currently differ from conventional energy technologies using the relevant
stakeholder demand criteria as a benchmark for the analysis. This is necessary in
order to clearly understand the differences between the ability of the technologies in
meeting stakeholder expectations and to establish what would need to be in place, or
what would need to change, if renewable energy technologies were utilised within
Sheffield. The performance of the existing energy system and renewable energy
technologieé against stakeholder expectations are summarised in a table at the end of
each chapter. A series of dots have been used to indicate where the existing energy
system and renewable energy supply currently meet stakeholder expectations (3 dots),
partially meet expectations (2 dots) and fail to meet expectations (1 dot). This analysis
provides the basis for the identification of obstacles facing the deployment of
renewable energy technologies in Sheffield. The obstacles relevant to each technology
are discussed and summarised in a matrix at the end of each Chapter. Where
applicable, a square symbol has been used to illustrate where the obstacle affects

different stages of deployment.

In addition to exploring the characteristics and issues facing the implementation of
renewable energy technologies, it is necessary to look at ways of linking renewable
energy supply to demand through the utilisation of existing and future energy carriers.
Electricity and gas are existing energy carriers within the UK. Alternative energy
carriers which could be utilised in the UK are heating and cooling networks and
hydrogen. At present, no single publication has been published on all relevant energy
carriers and their role in the utilisation of renewable energy resources. As a result, a
literature review of a wide range of sources including books, journals, reports and
internet-based information is necessary. This review is needed to establish the current
status of energy carriers in the UK and identify the key issues facing their utilisation in
future renewable energy developments. The examination of existing energy carriers is
provided in Chapter 11 followed by an examination of hydrogen as an energy carrier in
Chapter 12. Electricity and gas networks are evaluated against the following criteria:

) BasicAspects,
o Key Issues, and

o Future Developments.



As the use of district heating networks are less common in the UK, they are evaluated
against more detailed criteria:

e Basic Aspects,

e Resource Considerations,
e Technical Status,

e Economic Status, and

e Additional Considerations.

Although hydrogen could be utilised as an energy carrier, questions are raised
concerning how hydrogen could be produced and used in urban areas, the technical
and economic status of hydrogen and what would need to be in place for the wider
implementation of hydrogen in the urban environment. The evaluation of hydrogen
follows the same format as that of each renewable energy technology. The first half of
Chapter 12 evaluates hydrogen against more detailed criteria, as listed below.

e Basic Aspects.

¢ Resource Considerations,

e Production Technology,

e Storage and Transportation Options,
¢ Infrastructures and Appliances, and

e Economic Issues.

In the second half of the chapter, hydrogen is evaluated against the stakeholder
demand criteria. The performance of the existing energy system and hydrogen against
stakeholder expectations are summarised in a table at the end of the chapter. This
analysis provides the basis for the identification of obstacles facing the use of hydrogen
as an energy carrier in urban areas. The key obstacles facing hydrogen are discussed

and summarised in a matrix.

The outcome of the above programme of work is the identification of a range of areas
where renewable energy technologies currently fail to meet or partially meet the energy
expectations of stakeholders. In Chapter 13, a summary of this earlier analysis is
provided in two tables together with a discussion of the obstacles facing the
deployment of renewable energy technologies in urban areas. Using qualitative

research techniques, a series of measures for overcoming the obstacles are formulated



and developed in detail. In order to consider whether the measures suggested may be
suitable for promoting renewable energy developments in Sheffield, each measure is
briefly assessed against each stakeholder expectation. A tick symbol has been used to
illustrate which specific stakeholder expectation each measure could help overcome.
Conclusions and recommendations for further work are presented in Chapter 14.

1.4 Terms and Definitions
1.4.1 Key Terminology

Most of the terminology used here is commonly used in the assessment of resources,
energy consumption and carbon dioxide emissions and related environmental
disciplines. The following sections introduce and define key terms and units of
measurement used throughout this study.

1.4.2 Resources

Using a dictionary définition, resources can be defined as "a stock or supply that can
be drawn on" (Thompson, 1995). The extent to which a resource base can be used as
a practical energy source depends on the level of knowledge or information available
and the economic feasibility of extracting and processing the resource. In order to
distinguish between different resources, a simple classification system can be used:

e Resource base; the total quality of energy or power which physically exists in a
recdgnisable form,

¢ Resources; the part of the resource basé which could be developed under
present or future economic circumstances using existing or modified current
‘technology, and

e Reserves; the part of the resources which have proved to exist and which could
be exploited under present economic circumstances (Grant, Kellett and
Mortimer, 1994Db).

The resource base is all the energy available from a given source. Normally, it is
physically impossible to exploit the extra resource base. New resources are
discovered, technological advances and changing energy prices affect the availability



of resources and reserves. Reserves are essentially dynamic in nature due to
fluctuating prices. As prices change and resource use becomes financially feasible,
the size of resources changes very quickly (Grant, Kellett and Mortimer, 1994b).

1.4.3 Energy Sourées

Energy sources fall into two main categories, renewable energy sources and non
renewable energy sources. Renewable energy is a term used to describe a "source of
energy which is naturally replenished as it is consumed" (IEE, 1994). Renewable
energy sources include solar energy, wind power and water power. Whilst non
renewablé energy sources do replenish themselves, they do so at a rate which is so
much slower than the rate of depletion in recent history that in effect they can be
treated as finite stocks. Fossil fuels and nuclear energy sources are non renewable
forms of energy. Fossil fuels are composed of carbon derived from plants and animals
contained in sediments which are converted into coal, oil and natural gas over
thousands of years. Nuclear energy is produced from radioactive materials such as
uranium, which naturally occurs in minerals and rocks (Dineley et al, 1976).

1.4.4 Forms of Energy

There are three main forms of energy, primary energy, delivered energy and useful
energy. In order to distinguish between each form of energy, the following definitions

can be used:

e Primary energy; the amount of energy available in resources in their natural
state, such as solar energy, wind power, coal, natural gas, oil and uranium
deposits in the ground.

e Delivered energy; following extraction and processing, primary energy
resources are converted into suitable forms of fuels and electricity which can be
used by consumers, termed delivered energy. Liquid fuels, gaseous fuels, solid
fuels, electricity and heat are the main forms of delivered energy. Electricity is a
diverse energy resource which can be used for many applications including
heating, lighting and motive power, and

o Useful energy; consumers use fuels and electricity in appliances, equipment
etc., to provide useful energy such as heat, light, motive power, etc. Useful
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energy consists of space, water and process heating and cooling, light, motive
power for transport and machinery and electrical-based services (Elsayed and
Mortimer, 2001).

1.4.5 Energy Carriers

An energy carrier is a term which refers to a means of carrying or transporting energy
from the point of production to the point of consumption. Commonly used energy
carriers in the UK are electricity and gas which are distributed to consumers using
national networks. In some parts of the UK and other European countries, such as
Germany, water, air and steam are used as energy carriers within heating and cooling
networks. Additionally, research is being undertaken in developing hydrogen as a new

energy carrier.
1.4.6 Stakeholders

Within the urban environment, there are two main categories of stakeholder, namely
energy suppliers and end users. Energy suppliers comprise of electricity utilities, gas
companies and district heating suppliers. They supply end users with delivered energy
and are responsible for matching supply to demand. End users, who are commonly
referred to as energy consumers, consume useful energy in order to heat, cool, light or
ventilate buildings, to operate appliances and machinery and to power cars and other
modes of transport. End users can be placed into three broad categories or sectors,
namely the domestic sector, the industrial sector and the transport sector. The
domestic sector comprises of all domestic households within a defined area. Using a
Standard Industrial Classification system (SIC), all economic activities of a similar
nature can be classified into different industrial groups (CSO, 1992). Within this thesis,
two broad groups are used which incorporate the SIC definitions; business and
industry. Industry, as expressed in this thesis, relates to primary and secondary
activities, for example, manufacturing of all typeé. The business sector is very varied
and includes education, health care, office employment and repair services. The
‘transport sector comprises of a number of different modes of road, rail and air

transport.
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1.4.7 Units of measurement

A variety of units have been used to measure energy consumption and carbon dioxide
emissions. The following units have been used to measure energy consumption:

o Kilowatt hour (kWh): A unit of energy. 1 kWh is used when 1 kW of power is
consumed for one hour. A kW is equivalent to 1000 watts (Max Fordham and
Partners, 1999).

e Terajoule (TJ): A unit of energy equal to 10'? joules. A joule is a unit of energy
equal to the energy released by an electrical current of 1 ampere driven by 1
volt for 1 second (DTI, 2001a). "

Carbon dioxide emissions have been measured in terms of tonnes of carbon (tC).
Carbon dioxide is released when fuels containing carbon are burnt, for example, coal,
oil and natural gas. Different fuels have different carbon content which affects the
amount of carbon dioxide released. In order to calculate carbon emissions, carbon
coefficients are used. Carbon coefficients show the amount of carbon released per unit
of energy available either upon combustion of the energy source or generation of
electricity, for example, tC per TJ (Pout et al, 1998).
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2, ENERGY IN CONTEXT
2.1 Energy Systems and Stakeholders

Within the UK, the existing energy system comprises of energy production, supply and
consumption. Although the existing system can be split into three key areas, there are
numerous interfaces between the production, supply and consumption of energy. The
production and supply of energy and the role it has to play in the economic
development of the UK has been widely documented. In addition, there has been
considerable research on general consumer attitudes and behaviour when purchasing
products and services. However, there appears to be limited research, if any, in
examining the interface between end users, also referred to as energy consumers, and
the energy system. In particular, the ability of the existing energy system to meet the
energy expectations of end users has not been widely discussed. This examination is
vital when considering the future deployment of renewable energy in the UK. If a future
energy system based on renewable energy is pursued, this will have serious
implications on the relationship between end users, the production and supply of
energy and the overall success of the new system. This will also have implications for
energy suppliers. As key stakeholders in the energy market, energy suppliers, also
referred to as energy utilities, have expectations which must be addressed. Therefore,
it is also necessary to take into account the expectations of energy suppliers when

examining the existing energy system and certain renewable energy technologies.

In order to establish likely stakeholder perceptions, the expectations of end users
(Section 2.2) and energy suppliers (Section 2.3) are explored. The existing energy
system is then evaluated in light of stakeholder expectations in Section 2.4. Section
2.5 summarises the performance of the existingA energy system against the
expectations of end users and energy suppliers. This provides the basis for identifying
key challenges facing the existing energy system. The future role of renewable energy
technologies in the supply of energy in the UK is proposed and potential problems

surrounding the deployment of renewable energy in urban areas are raised.
2.2 End Users
End users as consumers of energy expect a certain standard of energy service. The

"expectations" of consumers have been the focus of consumer research undertaken by
service suppliers, independent research organisations and social scientists (including
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Roberts, 1996; Corrado and Hines, 2001; Customer Champions, 2003 and MORI,
2002). Consumer research has tried to identify and understand what really matters to
consumers, what influences the decisions consumers make, i.e. consumer behaviour
and attitudes, and how services can meet consumer requirements. This research has
highlighted a number of key drivers behind consumer behaviour. Consumers expect a
product or activity to be labour saving (easy to use) (Warde et al, 1998), convenient
(Corrado and Hines, 2001; Ottman, 1994; Roberts, 1996 and Warde et al, 1998), of a
certain quality (Corrado and Hines, 2001; Customer Champions, 2003; Ottman, 1994
and Roberts, 1996), affordable in relation to saving money, the price of products and
getting value for money (Corrado and Hines, 2001; Customer Champions, 2003;
Hobson, 2001; McGrath, 1992, MORI, 2002 and Roberts, 1996) and ethical (Corrado
and Hines, 2001; Hobson, 2001; MORI, 2002; Roberts, 1996 and Warde et al, 1998).
In relation to the provision of energy services, it is also logical to assume that
stakeholders may also be motivated by the accessibility, or availability, or a product or
service, and the ability of a service to meet a growing range of stakeholder needs
whilst being consistent with existing services (Shaw, Mortimer and Kellett, 2004).
Based upon this research, it is possible to compile a list of terms which could be used
to describe end user expectations of energy services. From the end users perspective,

the supply of energy services must meet the following criteria:

o Accessibility,

e Ease of Use,

o Flexibility,

¢ Convenience,

¢ Reliability,

e Consistency, and

e Acceptability.

The accessibility of energy services is important from the end users perspective. With
a dictionary definition of "that can be readily reached, entered or used, readily
available" (Thompson, 1995), energy services must be readily accessible and available
all day, every day, wherever required. Energy is readily available to end users within
buildings, filling petrol stations, etc. Electricity and natural gas are delivered directly to
buildings using underground cables and pipes, respectively. Liquid fuels used for
transportation purposes are available from filling stations, the majority of which are
located in populated areas and are open for long periods up to 24 hours. The fuel is
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piped using a pump from storage containers located under the forecourt into the
vehicle for immediate consumption. The existing supply system helps to support the
notion that energy should be accessible at all times. Whilst there is some interaction
between end users and energy, for example filling the car with fuel, they do not have
the personal responsibility of worrying about how to obtain fuel. The existing
infrastructure eases the supply of energy to end users.

Energy services are also regarded as easy to use by end users. Easy to use implies
that energy is "not difficult" to use and can be used "without great effort" (Thompson,
1995). Appliances and equipment in the home, office and industrial buildings convert
electricity or gas into useful energy such as light and heat (Elsayed and Mortimer, '
2001). Additionally, engines in vehicles convert petroleum products into motive power.
Whilst there is some interaction between end users and energy, consumers do not
have to worry about how to convert fuel into useful energy services. Instead, the
technology converts the energy into a useful form that is simple to use by almost
everyone.

The flexibility of the supply of energy is an important end user expectation. Using a
dictionary definition, flexibility can be defined as that which is "adaptable, versatile and
variable" (Thompson, 1995). End users expect to be able to derive many energy
services from single sources of energy. Electricity provides end users with a number of
different energy services including lighting, heating, cooking and the operation of
electrical equipment such as kettles, televisions and large-scale computer systems. In
the same respect, natural gas is used within buildings mainly for space and water

heating but also for cooking applications, industrial processing, etc.

End users expect energy services to be convenient. Convenience can be defined as
"serving one's comfort or interests, suitable, free of trouble or difficulty, available or
occurring at a suitable time or place" (Thompson, 1995). The concept of "modern
convenience" has been explored in detail elsewhere (Warde et al, 1998). Although the
concept of convenience is not new, modern convenience is focused on comfort and
reducing the effort involved in undertaking routine tasks (Warde et al, 1998). Many
products and activities in society are judged in terms of convenience and energy
services are no exception to this rule. Energy sérvices provide people with comfort and
allow more time to be spent on other activities as opposed to labour-consuming tasks
such as washing clothes, cooking and heating the home. Before the availability of
electrical and gas-fired space heating systems, homes were heated using coal fires,
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which was relatively labour intensive. Now, more time can be spent on other activities.
Although it is unlikely that end users would go back to having real coal fires, there is a
demand for coal-effect gas fires. Coal-effect fires provide comfort and convenience in
the home. The advantages of a coal fire i.e. the image or appearance having an open
fire and burning coals are provided without the disadvantages of having a real coal fire
i.e. labour intensive cleaning and maintenance of the fireplace. By using appliances
and equipment, end users enjoy the benefits of energy services whilst having minimum

interaction with energy production.

The reliability of energy services is important to end users. The term “reliability”
indicates that energy services can "be relied upon" (Thompéon, 1995), which suggests
that end users expect energy to always be there and be available both now and in the
future. Modern energy services are often reliable. A light will come on in a room at the
"flick of a switch." Although disconnections of energy supply do occur occasionally,
these conditions are only tolerated for short periods of time.

End users also expect a consistency of energy services both now and in the future.
Consistency can be defined as being "of sound and consistent character or quality" and
"conformity with other or earlier attitudes, practice" (Thompson, 1995). This
expectation suggests that any developments or changes in the provision of energy in
the future must continue to deliver the same benefits of existing energy services. This
implies that any change must be consistent with what end users require, otherwise the
change may be rejected. |

The acceptability of energy services is an important driver of end user behaviour and
attitudes. Acceptability can be defined as "worthy of being accepted, pleasing,
welcome, adequate, satisfactory, tolerable" (Thompson, 1995). Although the notion of
acceptability varies from person to person, there are three main drivers of acceptability;
affordability, quality and cultural values. The acceptability of energy supply can be
described as a "balance between the (monetary) cost of receiving a service and the
quality of that service" (Consumer Champions, 2003). For some end users, the best
service is that which offers the lowest price per unit of energy. In a recent study, the
number of domestic consumers switching energy supplier and the motivations behind
the move were investigated (MORI, 2001). The research showed that 38% of
electricity consumers and 37% of gas consumers changed supplier over a 12 month
period. Although price was identified as the main motivation for the change in energy
suppliers, other benefits such as dual fuel, whereby consumers can receive electricity
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and gas from the same company, were also an important driver for switching supplier.
For consumers who returned to original suppliers or who did not switch suppliers,
better prices, quality of service and trustworthiness were identified as motivations
behind consumer behaviour. This indicates that some end users are prepared to pay
more for energy provided by a reputable energy utility and energy services which may

offer additional benefits such as a better quality service.

However, end users on low incomes cannot always afford energy costs, which leads to
fuel poverty. This has a negative impact on the quality of life of people at risk (DTI,
2001b). The acceptability of energy services in terms of different cultural values is
emerging as an important factor in consumer behaviour. In recent years, there has
been growing interest in the environment and sustainability issues particularly in
relation to the negative effects of human activities on the environment. Public
awareness of environmental issues such as climate change, resource depletion and
waste problems has led some end users to choose energy services which have a lower
impact on the environment. Research has shown that some consumers are prepared
to pay more for energy produced from alternative or "green" energy sources such as
wind power (MORI, 2001). In 2001, ethical spending in the UK had increased with
sales of green energy showing the most growth when compared to other sectors
including food, household goods and ethical investments (CO-OP, 2002). However, an
awareness of environmental issues does not always coincide with the actual
purchasing of green products. The low uptake of green energy and other green
products and services by domestic consumers has been the focus of extensive
research (Pearce, 1990; Berger and Corbin, 1992; Roberts, 1996; Greenprices, 2001;
Hobson, 2001; Customer Champions, 2003). Studies which have investigated people’s
willingness to pay for green products have shown that the consumer’s willingness to
pay does not always coincide with consumers actually buying the products (Pearce,
1990). There have been many suggestions and possible explanations for the gap
between consumer awareness of environment issues and their inconsistent behaviour.
It has been noted that consumers often find it difficult to relate local, national and global
environmental problems to individual actions (Pearce, 1990). Also, mistrust and
cynicism, confusion, the experience of other consumers, the perception of other
people’s experiences and the prevalence of negative stereotypes associated with
“environmentalists” affect the purchase of green products (Pearce, 1990; Berger and
Corbin, 1992; Roberts, 1996; Greenprices, 2001; Hobson, 2001; Customer Champions,
2003). It has been suggested that in order to engage consumers, the environmental
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message needs to be believable and the service must meet consumer expectations of

price, convenience, quality and value (Roberts, 1996).

As illustrated, there are a wide range of expectations that end users place on the

supply of energy services. These expectations can be summarised as follows:
o Accessibility; all end users can satisfy their energy demand needs,

e Ease of use; all end users are capable of using the delivered energy, it is simple

to use,

e Flexibility; energy provides end users with a number of different energy

services,

e Convenience; energy services reduce the effort involved in undertaking routine
tasks,

e Reliability; energy is always available both now and in the future,

o Consistency; future developments in energy supply will still meet the demands

of end users,

e Acceptability; end users choose energy services based on affordability, energy
at a price which end users are willing to or can pay; quality, the energy is
provided at an acceptable level of service; and acceptability, energy satisfies
demand by acceptable (ethical, moral, political, environmental, sustainable)

means.
2.3 Energy Suppliers

In addition to end users, energy suppliers are also important stakeholders within the
energy system. In most urban areas, energy suppliers will supply end users with
electricity and natural gas. However, in a few cities in the UK, district heating suppliers
provide heat to buildings via an interconnected network of pipes. As consumer
research tends to focus on the end user, there is limited information available from the
perspective of the energy supplier. However, with recent changes in the electricity
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market, it is possible to suggest likely priorities facing electricity companies. The
opening up of the electricity market through the Electricity Act of 1989 combined with
the New Electricity Trading Agreement (NETA) in 2001 has created a market whereby
electricity suppliers are responsible for balancing forecast supply with actual demand.
In addition, electricity suppliers must compete with other companies to gain customers
whilst trying to keep existing ones. In order to reduce risks, reports have indicated that
the quality and reliability of supply, investment into supply infrastructure and the
security of supply are important priorities for electricity companies (Ofgem, 2003,
2004c; EA, 2004 and O'Hara, 2003). It is becoming increasingly evident that in order
to keep customers and attract new ones, electricity companies must be responsive to
consumer expectations. Additionally, electricity companies must comply with the
Renewables Obligation by utilising elecitricity produced from renewable energy
sources. In the past, electricity companies regarded electricity as electricity regardless
of source. With the introduction of the Renewables Obligation, the source of electricity

generation is becoming increasingly important.

Although the ‘expectations’ of district heating suppliers are less documented and
researched, parallels can be drawn. Sheffield is an example of a city with a district
heating system. This system is currently operated by a waste management
organisation called ‘Onyx Sheffield’ and is based on the incineration of municipal solid
waste (MSW), which is a mixture of non-renewable and renewable/organic wastes.
Onyx seeks to provide its customers with an energy service which is reliable, economic
and efficient, of a certain quality and which has a minimum impact upon the
environment (Onyx, 2004). In order to supply these benefits to its consumers, it is
logical to assume that Onyx will need a fuel supply that is continuous and reliable,

flexible, cost-effective, of a certain quality with low environmental impacts.

The expectations of energy suppliers are not wholly dissimilar to the expectations of
end users. Therefore, the terminology used in the end user demand criteria can be
applied here. However, the definitions have been modified to reflect the likely
expectations of energy suppliers, as set out below:
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¢ Accessibility - the resource and energy supply is accessible,
o Flexibility - the resource and energy supply is available upon demand,

o Reliability - the resource and energy supply is reliable, bbth now and in the
future, and '

o Acceptability - the fuel is supplied at an acceptable price and quality and comes
from environmentally acceptable resources.’

2.4  Existing Energy Supply

The UK energy system has undergone significant structural change over the last
century which has had implications on the accessibility, ease of use, flexibility,
convenience, reliability, consistency and acceptability of energy services. The
accessibility of energy, particularly electricity and gas supplies, increased due to a
number of factors including legislation, post World War Two developments and the
discovery of significant natural gas resources. Before the Electricity (Supply) Act 1926,
electricity was produced on a small-scale and locally close to the point of demand.
Some interconnected distribution networks were developed, providing electricity to a
number of industrial applications (Eden and Evans, 1986). Electricity was a new form
of energy and high electricity prices combined with limited applications resulted in a low
demand for electricity. At this time, the bulk of urban energy needs were met by coal
and town gas, a mixture of carbon monoxide and hydrogen, which provided domestic
and industrial consumers with energy for lighting, heating and cooking. The Electricity
(Supply) Act 1926 established the Central Electricity Generating Board (CEGB) to
control and centralise the production of electricity and develop a national grid system to
link generation plants to points of demand. Following the Second World War, the
national grid system was established which delivered electricity to the vast majority of
the population. Electricity was produced in large power stations, away from the point of
demand. A national network connected production to demand, therefore increasing the
accessibility of electricity throughout the UK. The discovery of large natural gas
reserves in the North Sea in the 1960s stimulated investment into converting the gas
supply system from town gas to natural gas between 1967 and 1973 (Roberts et al,
1991). During the oil crises of the 1970s, natural gas emerged as a convenient and
cheap energy source and, as a result, the use of natural gas has risen rapidly over the
past 30 years (DTI, 2000a). A national gas infrastructure was put in place to link gas
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terminals with demand. As more and more end users had access to electricity and
subsequently natural gas, the demand for electrical appliances and equipment
increased and domestic coal fires were largely replaced by gas-fired central heating
(PIU, 2002).

Electricity and gas are two important energy carriers. The term "energy carriers" refers
to a means of carrying or transporting energy from the point of production to the point
of consumption. As such, energy carriers provide an important link between the
production of energy and its utilisation by end users. In the UK, electricity and gas are
commonly-used energy carriers which are distributed to end users via national
networks. In some parts of the UK and in other European Countries such as Germany,
water, air and steam are used as energy carriers within heating and cooling networks.
Additionally, work is currently being undertaken in developing hydrogen as a new

energy carrier.

Although most end users have access to energy supplies via conventional energy
carriers in the UK, some areas are without access to gas supplies. In Great Britain,
20% of domestic households are without access to mains gas (DTI, 2001b). Although
the vast majority of these households are in rural areas, there are some urban
buildings without access to mains gas. This is due to buildings being constructed
without connection to mains gas and for safety reasons (DTI, 2001c). The
inaccessibility of mains gas has been identified as one of the key reasons why some
households are kept in fuel poverty (DTI, 2001c). A fuel poor household is commonly
defined as "one that needs to spend in excess of 10% of household income on fuel use
in order to maintain a satisfactory heating regime" (DTI, 2001b). It has been estimated
that 29% of households without access to mains gas are in fuel poverty within Great
Britain (DTI, 2001b).

In most instances, energy is easy and simple to use as it is delivered to end users in
recognisable forms, namely electricity, heat, liquid fuels including petrol and diesel for
transportation applications, gaseous fuels such as natural gas and solid fuels such as
coal. The safety of the energy supply system adds to the ease of use of energy by the
end user. Electricity, for example, is transmitted from large power plants over long
distances at high voltages (400 kilo volts (kV) and 275 kV) overground using pylons to
distribution companies. The electricity is transformed to lower voltages (132 kV to 230
V) before being distributed to local end users for consumption within buildings (POST,
2001). Within buildings, an internal electrical system distributes electricity to power
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sockets. End users plug in electrical appliances and equipment which have been
especially designed to operate with electricity.

Under current circumstances, energy is flexible as it provides end users with many
different energy services. Electricity is the most flexible form of energy as it is used for
a wide range of applications ranging from space and water heating to powering
electrical appliances. However, despite the flexibility of energy, end users
predominately use certain types of energy for certain uses; for example, electricity is
used for lighting even though gas lighting is also feasible. In relation to transport, there
are a growing number of different fuels which can be used for transportation purposes
including petrol, diesel, liquid petroleum gas, electricity and hydrogen. However, the
majority of end users continue to use petrol and diesel rather than alternative transport

fuels.

The convenience of energy has changed over the last century as the relationship
between the production and consumption of energy has changed. In the first half of the
twentieth century, energy production was characterised by small-scale energy
production which supplied onsite or local energy needs. Individuals, some private
companies and Local Authorities owned energy ventures. From the Second World War
up to the present day, energy production has been centralised in large power plants,
operated by private companies, away from the points of demand. Energy is distributed
using national interconnected networks. Electricity and gas meters, cables, pipes,
fireplaces, boilers and plumbing are all serviced by specialists. End users purchase
energy from energy suppliers and by doing so, pay for the convenience of energy
provided by the existing system. There are very few instances whereby individual end
users produce energy onsite to meet their energy demands. For the domestic end
user, the changes in the energy system have had an enormous impact on the ability to
undertake domestic tasks like heating, cooking and cleaning (Warde et al, 1998).
Domestic households have moved from using coal for heating to the installation of gas
or electric fires. Using coal for domestic fires involved the delivery and storage of coal,
people making and maintaining a fire on a daily or regular basis, ash disposal and
regular cleaning of the fireplace and chimney. Today, the vast majority of people have
gas or electric fires which are turned on or off and the temperature controlled either
simply by manual means or}automatically via programmers. As such, the interaction of
the end user has been reduced to a minimum. End users enjoy the benefits of energy
without getting directly involved in energy supplies, generation or transmission.
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Energy suppliers also provide end users with consistent and fairly reliable supplies of
energy. Even though end users may change energy suppliers, the supply of energy to
the end user will continue to be of a consistent quality. Energy supplies are often
continuous and uninterrupted with problems only occurring when surges in demand are
not anticipated or when the network fails and there are power losses (POST, 2001). In
some cases, the National Grid Transco Group, which owns and regulates the electricity
network in England and Wales and Great Britain's national gas system, may ask large
energy end users to shut down for short periods of time. This allows the supply of
energy to domestic end users to continue uninterrupted (POST, 2001). In the longer
term, however, the future reliability of the energy system is uncertain due to the
reliance on finite resources for energy production. The reliability of energy supply is a
focus of concern within the UK and other countries. In the UK, energy sources and
suppliers have been identified as ways of diversifying future energy supply (DT,
2003a).

Energy services are valued by end users in terms of affordability, quality and
acceptability. Within the existing energy system, large centralised power plants
produce large quantities of energy for a low price, favouring economies of scale. Also,
supplying large quantities of energy over long distances to concentrated areas of
demand i.e. towns and cities is cheaper than supplying energy to scattered rural
locations (Mortimer, Kellett and Grant, 1995). In recent years, the price of energy has
been low (PIU, 2002). End users are billed for the quantity of energy consumed over a
given period by privately operated energy utilities. Energy suppliers offer a range of
services to end users including price tariffs, price reductions, a variety of payment
methods and the installation and servicing of meters and pipes. Despite the low price
of energy and the variety of payment methods available, there are still issues of fuel
poverty within the UK (DTI, 2001b). The quality of the service provided by energy
suppliers is important for end users. Considerable research has been undertaken by
energy suppliers to identify end user requirements and to ensure that the supplier can

provide services which will keep existing consumers and attract new ones. -

For some energy suppliers and end users, the health and environmental impacts of the
existing energy system are a source of concern. This concern is not unfounded as
there are a number of health and environmental impacts or externalities associated
with the production of energy. In a recent study, the externalities of electricity _
production from wind, solar, nuclear, biomass, coal, oil, natural gas and hydroelectric
sources were calculated (ExternE, 2003). Quantifiable externalities were measured in
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terms of public health, occupational health, major accidents, damage to crops,
ecosystems and materials, noise, visual impacts and global warming. The results of
the study showed that if the external costs of electricity production were included in the
price of electricity per kilowatt-hour (kWh), the price of electricity produced from oil and
coal would double. Across all European countries, the external costs of electricity
production from fossil fuels came out significantly higher than those of renewable
energy sources (Rosenbaum, 2002). Additionally, nuclear energy poses problems
related to waste disposal and radioactive contamination. The environmental
externalities of energy production from nuclear energy sources are not reflected in the
price of energy. For some end users, the response to such issues has been to

purchase green energy.

2.5 Sustainable Energy Systems

Such qualitative assessment suggests that, whilst the existing energy system currently
meets the majority of end user expectations, there are areas of concern for energy

suppliers, as summarised in Table 2.1.

Table 2.1 Current Evaluation of the Existing Energy System against Stakeholder
Expectations

Stakeholder Expectations Existing Energy System Existing Energy System
and End Users and Energy Suppliers

Accessibility eeo oo
Ease of Use i -
Flexibility oo A
Convenience 'Y -
Reliability:
Now oo oo
In the future * ®
Consistency eoe -
Acceptability, in terms of:
Affordability oo oo
Quality oo oo
Environment * °
Sustainability * *
Key to symbols: . Does not meet expectations

oo Expectations are partially met
eee  |\eets expectations
- Not applicable
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From the perspective of the end user, the existing energ'y system performs well in
relation to the accessibility, ease of use, convenience, flexibility and reliability of energy
services at present. In addition, the existing system offers consistency, affordability
and quality. From the perspective of the energy supplier, the existing energy system is
not perfect. Issues have been raised concerning the accessibility of resources and the
reliability of energy supply, both now and in the future. There are also problems
relating to the acceptability of resources and energy production and supply issues, in
particular environmental and sustainability concerns. Overall, this assessment has
placed doubts on the ability of the existing energy system to produce and supply
energy in a sustainable way with minimum impacts on the natural environment whilst

continuing to provide end users with reliable energy services in the future.

The sustainability and future reliability of the current energy system has beeh brought
into question. Defined as "development that meets the needs of the present without
compromising the ability of future generations to meet their own needs", sustainability
in this context seeks to minimise the impacts of energy production, supply and
consumption on the environment (WCED, 1987). One of the main challenges facing a
sustainable energy system is the heavy reliance of the present system on non-
renewable resources. Another key challenge is'consumption levels particularly within
urban areas. Towns and cities are centres of human activity and, subsequently,
energy demand. In order to move towards a sustainable energy system, urban energy
demand issues need to be addressed. In addition, an energy system based on
renewable energy sources must not only meet stakeholder expectations of reliability
and environmental and sustainability concerns, but it must also meet other stakeholder
expectations of accessibility, ease of use, convenience, flexibility, consistency,
affordability and quality.

It is important to consider whether the adoption of renewable energy technologies as a
basis for a sustainable energy system will require fundamental changes to take place
on all levels in society. The practical realisation of such a system can be explored by
comparing current energy demand with the potential supply of renewable energy
sources within the boundary of a town or city. In addition, the prospective carbon
dioxide savings by using energy efficiency measures within buildings and renewable
energy sources can be estimated. By using Sheffield as a case study example of a city
in the UK, an urban energy study can be compiled. Such a case study would provide
the basis for establishing the potential contribution of local renewable energy
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technologies to sustainable urban energy and for the subsequent investigation of

barriers facing current and future renewable energy developments.
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3. ENERGY USE IN SHEFFIELD

3.1 Urban Energy Demand

Towns and cities are major consumers of energy services. With approximately 40
million people living in urban areas in the UK, there is a constant demand for energy to
meet energy needs (DETR, 1998). Most urban areas rely on the importation of energy,
the majority of which is produced from fossil fuels, to meet internal energy demands.
As such, towns and cities are responsible for large quantities of associated carbon
emissions. Very few urban areas utilise local energy resources, in particular low
carbon energy resources such as solar energy and wind power, for local energy needs.
The challenge that lies ahead is to reduce carbon emissions and make cities
sustainable in energy terms. Renewable energy offers a means of achieving
sustainability, particularly as they are not finite energy sources. The practicality of
utilising local renewable energy resources to meet local energy needs and offset
carbon emissions requires further examination. If renewable energy is going to provide
the basis for achieving sustainable urban energy systems, it is essential to establish
existing energy demands and potential renewable energy supply in a city such as
Sheffield.

In order to investigate the potential contribution of local renewable energy supply in
meeting local energy needs in Sheffield, current energy demand and associated
carbon emissions must be established. This investigation is necessary in order to
establish the extent of reliance on fossil fuels and look at how trends influence energy
consumption patterns and carbon emissions over a given period. One way to estimate
energy use within a city is to undertake a baseline energy assessment using national
and local published statistics, as summarised in Section 3.2. In order to do this, the
study area must be clearly defined, as demonstrated in Section 3.3. The results of the
energy assessment are presented in Section 3.4. This begins by examining overall
energy demand and carbon emissions in Sheffield in the year 2000. This is followed by
a detailed examination of energy use and carbon emissions within each sector.
Changes in energy consumption in Sheffield between 1992 and 2000 are presented in
Section 3.5. Future developments in energy demand in Sheffield are examined in
Section 3.6. Opportunities for reducing energy use and carbon emissions through the

application of energy efficiency measures and local renewable energy sources are
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identified. This provides the basis for the subsequent examination of ways to reduce
energy demand and carbon emissions in Sheffield.

3.2 Baseline Energy Assessment

Within the UK, there are national published statistics available including data on energy
consumption, population and employment levels. Local statistical information
published by Local Authorities and transport operators amongst others, are also
available. This information can be used to produce local energy and carbon
assessments. Energy assessments can be used as a basis for predicting future
energy trends and carbon emissions, applying relevant energy efficiency measures and
assessing the potential contribution of renewable energy sources to urban energy
supply. Previous energy assessments of urban areas in the UK include Newcastle-
Upon-Tyne (Newcastle City Council, 1992), Sheffield (Grant, 1993, 1994a, 1994b;
Grant, Kellett and Mortimer, 1994a, 1994b; Grant et al., 1994c; Kellett, 1993, 19944,
1994b; Mortimer, 1993, 1995 and Mortimer, Kellett and Grant, 1994) and Conisbrough
and Denaby (Grant and Kellett, 2001, 2002a, 2002b, 2002c). By using statistical data,
energy assessments provide a quantified assessment of energy use and carbon
emissions within a defined area. As energy data can vary in terms of differing area
boundaries, data formats and time periods, it is important to clearly establish this study
area otherwise data analysis is difficult (Mortimer, Kellett and Grant, 1994).

There are different ways of estimating baseline or current energy use and carbon
emissions within a city. A simple approach is to undertaken an approximate estimation
using national published statistics to pro rata energy consumption. This pro rata
approach takes national data and produces comparable statistics for a local level. This
can be undertaken relatively quickly and easily. The use of national statistics allows
the study to be replicated easily from city to city although local characteristics and
variations are not identified. A more complex approach is to undertake a
comprehensive assessment using information collected from local sources such as end
users and energy suppliers. As this relies entirely on the collection of local data, it is
difficult to execute due to difficulties in obtaining the necessary information as well as
time and budget constraints. A compromise between the two approaches is a hybrid
assessment which produces detailed energy assessments within the limitations of
available resources (Bennett and Newborough, 2001). Due to the limitations of
available time and information, a hybrid approach was adopted here based on the
methodology adopted for the MIRE study of Sheffield in 1992 (Grant, 1993, 19944,
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1994b; Grant, Kellett and Mortimer, 1994a, 1994b; Grant et al., 1994c; Kellett, 1993,
1994a, 1994b; Mortimer, 1993, 1995 and Mortimer, Kellett and Grant, 1994). Using a
hybrid approach allowed local estimations of delivered energy consumption and
associated carbon emissions within district of Sheffield by fuel type and sector to be
produced using available national and local data. This approach provides a more
representative assessment of energy use and carbon emissions in Sheffield than using
an approximate approach to pro rata national data on energy consumption. In addition,
it provides a detailed picture of energy use by fuel type and sector without undertaking
an in-depth and fully comprehensive energy assessment. The accuracy of the hybrid
approach lies between the extremes of the comprehensive assessment and the simple
approach based entirely on pro rata national statistics. In this context, results from
undertaking a comprehensive assessment are likely to be very specific, and
subsequently, very accurate whilst those from the pro rata approach cannot be
regarded as anything more than indicative.

As part of the hybrid approach, national and local data were used to pro rata energy
consumption within Sheffield. National energy consumption ratios were produced in
relation to the number of domestic dwellings, numbers employed, the number of
vehicles in use and resident population figures, and applied at a local level in Sheffield.
Estimations of carbon emissions were produced using carbon coefficients, which show
the amount of carbon per unit of energy released upon combustion of the fuel or
generation of electricity. By establishing current energy use and carbon emissions
within Sheffield, a baseline was set against which other assessments can be
measured. Following a preliminary examination of available data sources, the baseline
year of the study was set at the year 2000. This was mainly due to the unavailability of
later information. For example, the 2001 UK Census was not published at the time of
the study. Although the majority of information derives from data for the year 2000,
other sources of data are generally current to within two or three years. The figures
and percentages presented here are estimations of energy consumption and carbon
emissions. In the main text, all numbers have been rounded to the nearest hundred
and all percentages to the nearest whole number. However, in order to register the
current contribution of renewable energy to delivered energy consumption, relevant
percentages are given here to one decimal place. Further information on different
approaches for conducting local energy and carbon assessments can be found in
Appendix A. The Sheffield Energy Study comprises of three parts, namely a baseline
assessment, an energy efficiency assessment and a renewable energy assessment.
Detailed information on the baseline assessment of energy consumption and carbon
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emissions can be found in Appendix B. This includes an examination of the hybrid
methodology and carbon coefficients adopted in the Sheffield Energy Study and the
results of the baseline assessment. Appendix C contains the methodology use for the
energy efficiency assessment and associated results. The methodology and results of

the renewable energy assessment are contained in Appendix D.
3.3 Sheffield and the Surrounding Area
3.3.1 Study Area

The study area is defined as the Local Authority district boundary of Sheffield as shown
in Figure 3.1. This boundary definition was chosen as national energy data and local
statistical information, for example employment figures, are available for this
administrative unit. Sheffield is centrally Iocated within the UK and forms one of four
Local Authority districts in the County of South Yorkshire, as illustrated in Figure 3.2.
With a population of approximately 531,000, Sheffield covers an area of 36,755
hectares (SCC, 1998 and ONS, 2000). Sheffield is situated on seven hills and the
confluence of five rivers named the Don, Sheaf, Rivelin, Porter and Loxley (SCC,
1998). The district of Sheffield includes a large built up area which is divided into ten
areas of Stocksbridge, Northwest, Chapel Gréen, Northeast, East End, Southeast,
Mosborough, South, Southwest and the City Centre (SCC, 1998). Although Sheffield is
largely an urban area, almost one quarter lies within the Peak District National Park.
The towns of Barnsley and Doncaster lie to the north. To the east, Sheffield shares a
contiguous administrative boundary with Rotherham across the Don Valley. North
Nottinghamshire and Sherwood Forest are situated to the south east, the town of
Chesterfield to the south and the Peak District National Park to the west. Sheffield's
immediate surrounding area includes the contiguous districts of Rotherham, Barnsley,
North East Derbyshire, Chesterfield, the High Peak and Derbyshire Dales as shown in
Figure 3.3 (Kellett, 1993).

3.3.2 Land Use

The origins of Sheffield date back many centuries. Sheffield developed from a large
village surrounded by smaller settlements to a market town and then to a city in 1893.
By this time, Sheffield was a major industrial centre for iron, steel, tool and cutlery
trades. The completion of the local turnpike road system, the canal and the railway
stimulated industrial, commercial and population growth within Sheffield (Hey, 1998).
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Figure 3.1

Local Authority District Boundary of Sheffield
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Sheffield shown as part of four Local Authority Districts in South Yorkshire

Figure 3.2
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Figure 3.3 Sheffield and the Surrounding Area
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Many of the changes made to the built environment in the late nineteenth century
remain today. A central commercial core was developed with terraced residential
housing erected in the industrial quarters and suburban housing in the west of the city,
away from the industrial smog. After the Second World War, city centre slums were
cleared and high rise local authority housing at sites such as Park Hill and Gleadless
were constructed (Hey, 1998).

A broad mix of housing types remain evident in Sheffield including detached and semi-
detached housing, terraces and flats (Grant, 1993). The collapse of the heavy
industrial sector during the 1970s and 1980s resulted in major job losses.
Consequently, South Yorkshire currently has Objective One status, awarded by the
European Commission (SCC, 1998). Despite the industrial changes, Sheffield has
remained a major centre for employment, services and education. Sheffield contains
two universities, major sporting and cultural facilities and Meadowhall, one of the
largest out-of-town shopping complexes in the UK. Other land uses within the district
include commercial developments such as offices, industrial sites and public service

facilities including schools and health care centres.

The city centre is the focal point for transport routes. There are a number of trunk
roads running through Sheffield in addition to the M1 motorway to the east of the city.
Sheffield has railway stations located at Dore, Meadowhall and in the city centre.
Supertram, a light rail system, is in operation with three routes totalling 29 kilometres in
length (Anon, 2002a). The light rail system operates between Hillsborough,
Meadowhall and Halfway and links five park and ride schemes to the city centre (Anon,
2002). Sheffield canal runs between the city centre and Rotherham and a small airport
is based at Tinsley. In addition, Sheffield has a district heating network which is
supplied by the Bernard Road waste incinerator. A number of buildings including the
City Hall, the Crucible and Lyceum theatres, Sheffield University, Sheffield Hallam
University and Park Hill flats are connected to this network.

3.4 Energy Assessment Results

3.4.1  Overall Energy Demand and Carbon Emissions

The estimated total delivered energy consumption of Sheffield in 2000 was 52,000 TJ.
This delivered energy consumption comprises of five fuel types, namely natural gas, oil

products including petroleum, electricity, solid fuels including coal and coke and
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