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Plans ...

Many are the plans in a man’s heart, but it is the LORD’s purpose that prevails.
Proverbs 19: 21
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Abstract

The numbers of smaller scale distributed power generation units connected to the distribution
networks of electricity utilities in the UK and elsewhere have grown significantly in recent years.
Numerous economic and political drivers have stimulated this growth and continue to provide the
environment for future growth in distributed generation. The simple fact that distributed generation is
independent from the distribution utility complicates planning and operational tasks for the
distribution network. The uncertainty relating to the number, location and type of distributed

generating units to connect to the distribution network in the future makes distribution planning a

particularly difficult activity.

This thesis concerns the problem of distribution network and business planning in the era of
distributed generation. A distributed generation strategic analysis framework is proposed to provide
the required analytical capability and planning and decision making framework to enable distribution

utilities to deal effectively with the challenges and opportunities presented to them by distributed

generation,

The distributed generation strategic analysis framework is based on the best features of modern
planning and decision making methodologies and facilitates scenario based analysis across many
utility strategic options and uncertainties. Case studies are presented and assessed to clearly illustrate

the potential benefits of such an approach to distributed generation planning in the UK electricity
supply industry.
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Chapter 1

INTRODUCTION



1.1 Summary of Thesis

Restructuring of electricity markets and advances in generation technologies, in tandem, have created
an environment for the continued growth of small-scale generation embedded within distribution
networks closer to the point of end use of electrical energy. Recent environmental pressures, trends
and legislation have also contributed to the proliferation of smaller generating units connected to
electricity distribution networks. In contrast to larger scale ‘central’ transmission connected
generating units these smaller generating units, connected to distribution networks, are commonly
known as distributed generation, embedded generation or dispersed generation. The term distributed
generation will be used in this thesis is taken to be synonymous with both embedded generation and

dispersed generation throughout.

Distributed generation results in a set of commercial, economic, engineering and financial issues for
distribution network planning, operation and management. This thesis identifies and discusses this set

of issues and presents a formal method of structuring them for further discussion, analysis and

planning decision support.

Restructuring of electricity markets has also resulted in distribution networks being progressively
planned and operated on an ‘open-access’ basis with an accompanying increased level of uncertainty
regarding the nature and location of distributed generation. Existing distribution system planning has
centred on techniques for load forecasting, substation location and capacity and feeder route design.
However, such planning techniques take little account of distributed generation. One further
assumption in traditional power system planning practice now challenged is that of the integrated
utility with franchise rights for generation, transportation and retail supp'Iy of electricity. This thesis
takes advantage of the current opportunity for developments in power system planning techniques to

provide greater understanding of distnibuted generation at a time of great uncertainty for distribution

utilities in the UK and elsewhere.

As noted, distribution planning has traditionally focussed on the problems of timing, location and
sizing of investments in substation and circuit reinforcements. Generation (and especially
independently owned generation) has not previously been an important consideration for distribution
companies. However, in addition to complicating the distribution planning problem, distributed
generation provides a new set of options in the planning, design and operation of distribution

networks.



This thesis outlines a strategic analysis framework for the evaluation of the issues and attributes
assoctated with distributed generation. In addition to quantifying the problems, the framework
enables the assessment of potential strategic options for distribution companies. The proposed
strategic analysis framework relates directly to the distributed generation issue set that is fully
developed in this thesis. Existing distribution planning models and software tools are incorporated
into the strategic analysis framework. The modelling options for quantification of the impacts of
distributed generation are discussed fully. One set of modelling and simulation techniques are carried

forward into an implementation of the specified strategic analysis framework.

The proposed framework is comprehensive, flexible, and scenario-based providing robust solutions to
distribution problems relating to distributed generation. Acceptable strategies can be selected using
multiple criteria decision-making methods. Each of these characteristics of planning methodologies

(and others) will be defined and discussed with the corresponding benefits outlined.

Case studies relating to the impact of distributed generation are presented with the aim of supporting
the argument put forward for the comprehensive strategic analysis framework for distributed
generation. The variables considered in the case studies relate to uncertainties in generation

technologies, locations and volumes and the options open to a distribution utility to hamness the
benefits of distributed generation.

This research took three main items of literature for its basis. Firstly, a PhD thesis by Redmond
(Redmond, 1994) provided a background in the UK electricity supply industry and outlined some of
the many challenges facing the privatised electricity companies operating in the UK market. One of
the techniques investigated by Redmond was multiple attribute tradeoff analysis (MATOF) for utility
strategic decision making. The idea of strategic decision making has moulded the distributed
generation framework to focus on decisions and in practical terms the production of quality
information to support decisions. MATOF had been developed extensively at Massachusetts Institute
of Technology (MIT) and used to assist in major strategic planning activities relating to the generation
mix in New England, USA. In a PhD thesis, Andrews (Andrews, 1990) analyses planning processes
at great length and lays down an open, analytical, scenario based approach to planning which
facilitates the treatment of uncertainties, complexity and controversy which invariably arise in major
decisions. These Insights into planning processes have motivated an in-depth study of power system
planning activities (chapter 4). The third item of literature which formed a foundation for this
research was a digest from an Institution of Electrical Engineers (IEE) colloquium on embedded
generation (Institutton of Electrical Engineers, 1996). The diversity of perspectives and the

complexity and uncertainty of the issues in the area of distributed generation indicated that this was an



area where structured planning techniques could yield benefits. Based on these foundations the

general methodology of research has been to:

o specify and understand the issues of distributed generation;

o identify and specify clearly the major problems for distribution companies arising from

distributed generation;

e develop a strategic analysis and planning framework for distributed generation focused on
the distribution utility perspective;

o utilise the strategic analysis framework to quantify and understand a set of more critical

distributed generation issues.

This has led to the development of a general methodology for distributed generation analysis which

has been termed the ‘distributed generation strategic analysis framework’.

The use of the distributed generation strategic analysis framework has shown that there are major
potential benefits arising from distributed generation which distribution companies can harness given
the right set of policies and strategies. The strategic analysis framework provides the means of

developing and refining strategies for distributed generation although the development of such

policies has been beyond the scope of this work.

1.2 Principal Contributions

The principal contributions represented in the material presented herein can be summarised as:

e The identification, categorisation and exposition of issues relating to distributed generation and
distribution utilities. *

¢ The proposition and development of a general methodology for evaluating the impact of
distributed generation on utility networks and businesses and for assessing distribution utility
strategies for managing distributed generation. The general methodology has grown from
analysis of the set of issues for distributed generation.

o The specification of a strategic analysis framework including the integration of sophisticated
market, power system and utility financial models. The strategic analysis framework described in

this thesis takes account of the best features of modern planning methods. It is believed that the



flexibility of the strategic analysis framework enables the integration of many existing techniques
although the implementation of the framework has been restricted for the purposes of this study.

e The first integrated technical and economic planning and evaluation approach to specifically
address the distribution network and distributed generation requirements within a restructured and
unbundled electricity industry as found in the UK.

e The quantification and interpretation of the impact of distributed generation on distribution utility
networks and businesses based on an implementation of the distributed generation strategic
analysis framework which includes the integration of detailed economic, technical and financial

models.

¢ The demonstration of the effectiveness of the proposed planning and analysis framework through

jts application to meaningful case studies.

1.3 Distributed Generation Planning

The contributions offered by this thesis must be viewed in the context of existing work. The work of

other contributors in this field can be summarised in the following three areas.

¢ Distributed generation issues
e Modem planning requirements

¢ Distributed generation planning methods

Many contributors have added to the general understanding of the issues of distributed generation.
The most comprehensive and ;aarly contribution in the UK which 'brings together aspects of distn'butc;d
generation market from an economic and technical viewpoint is Fairey and Redfern (Fairey and
Redfern, 1996). This paper brings many years of background in the UK electricity supply industry
along with a detailed knowledge of distribution engineering. The authority of these authors to review

the field of distributed generation is without challenge in the UK.

Several major contributors in the power system planning field have been lent on in the development of
ideas on what has been loosely termed ‘modem planning requirements’ in this thesis. Berrie has great
authority to talk about ‘electricity economics and planning’ and does so in a book of that title (Berrie,
1992). Northcote-Green, Willis and Gonen each have a weighty reputation within the distribution

planning field and discuss many of the distribution planning methodologies in their papers and books.



Hirst has been one of the major contributors over the years in the area of incorporating uncertainty
into power system planning. The work of Clint Andrews and Steve Connors on multiple criteria
decision making in power system strategic planning acted both as a motivation and a source of
knowledge for the research reported here in this thesis. Each of these contributors has brought new
insights to the field of power system planning and distribution system planning, and although the
methods are primarily focused on more traditional generation and distribution network expansion
planning, the generalities of their techniques have been drawn out for more general use in the strategic

planning framework presented in this thesis.

Within the specific area of distributed generation planning, the significant contributions are more
sparse. Most contributions arise from the viewpoint of distributed generation existing as an additional
option in integrated resource (least cost) planning. The Pacific Gas and Electric work on the
‘distributed utility’ stands out as a landmark in changing attitudes to distributed generation as a
valuable resource (Weinberg et al, 1991). The research by Weinberg and colleagues identifies many
areas of distributed generation value within the United States electricity industry structure. Many of

these areas of value exist in the UK also but there are important differences between the US and the

UK in the treatment of distributed generation as will become evident later.

Willis and Scott (Willis and Scott, 1994) describe a method of integrating distributed generation,
demand side management and distribution automation into the distribution planning process. In short
the integration of distributed generation into distribution planning activities (even when distributed

generation is an option the utility can control as in the method they propose) makes the analytical

activities far more complex and, hence, time consuming.

Dugan et al (Dugan et al, 1999) have proposed a method for distributed generation which focuses on
minimising network capacity costs in the distribution network. This is achieved through integrating
distributed generation into a planning framework which considers the costs of electrical losses,

network capacity reinforcement and power quality improvements.

Nishiya et al (Nishiya et al, 1995) describe a generation siting optimisation approach to distributed
generation planning. The theme of optimising the location of distributed generation is also adopted by
Kim et al (Kim et al, 1998). In these methods, the size location and operational strategy of distributed
generation units are optimised to produce a distribution system with minimal losses and generation
fuel costs., These optimisation techniques for distributed generation planning clearly take the

perspective of a vertically integrated utility with control over network and generation.



A distribution utility approach to independent distributed generation is proposed by Seitz et al (Seitz et
al, 1997). The crux of the paper relates to a formalised approach to generation connection and
operation within the distribution network. This enables a fair and transparent mechanism for

generation connection and operation including generator developer access to information on

limitations to generation connection in particular areas of the distribution network.

1.4 Overview of Thesis

Chapter 2 provides background to electricity industry restructuring which has created the environment
for the proliferation of independently owned distributed generation. Chapter 3 describes the issues
relating to embedded generation and the impact they have on the power system. Chapter 4 provides a
general background to distribution system planning and a detailed discussion of desired features of
modern planning methods. The need for new methods to deal with the growing issue of distributed
generation is clearly identified. The proposed distributed generation strategic analysis framework 1s

presented in Chapter 5 and a practical implementation of the framework is described in Chapter 6.

Chapter 7 provides details of a case study utilising the framework including the description of possible
utility strategic options plus analysis of the results of the case study. Chapter 8 discusses the mertts of
the strategic analysis framework and draws conclusions about its application for assessing the impact

of distributed generation and resulting utility policy and provides some suggestions for further work.



1.5

Published Work

The author has published extensively in the areas of analysis and planning for distribution systems and

distributed generation in the period 1997 to 2000. All journal and conference papers published in this

period are listed below under the appropriate year,

1997

1998
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G.W. Ault, R. Driver, J.R. McDonald, “The Economics of Embedded Generation in the UK
Power Market”, POWERGEN’97 Conference, Dallas, USA, December 1997.

F. Edwards, J.R. McDonald, G. Ault, J. Hill, “Dynamic modelling of distribution networks

with embedded generation”, 33rd Universities Power Engineering Conference, Edinburgh,
Sept. 1998, pp473-476.

G. Ault, J.R. McDonald, “Analysing how UK distribution networks are currently responding to
embedded generation and examining how this might affect future investments in and
performance of the network”, IIR Conference on ‘Successfully Overcoming the Practical,

Commercial & Integration Challenges of Embedded Generation’, London, December 1998.

P. Espie, G.W. Ault and J.R. McDonald, “Multi-Criteria Decision Making Methods for
Distribution Utility Embedded Generation Strategy Development,” Proceedings of the 34™

Universities Power Engineering Conference, Leicester University, UK, Vol 2, Sept. 14-16,
1999, pp. 551-555.

J. Padullés, G.W. Ault, C.A. Smith and J.R. McDonald, “Fuel Cell Plant Dynamic Modelling
for Power Systems Simulation”, Proceedings of the 34th Universities Power Engineering
Conference, 14-16 September 1999, Leicester, UK. Vol. 1, pp. 21-25



2000

G.W. Ault, A. Cruden, JR. McDonald, “Assessing the impact the expected increase in
embedded generation will have on the planqing and operation of distribution systems”, IIR

Conference on ‘Preparing for the impact of RETA and current Government Reviews on
Embedded Generation’, London, December 1999.

G.W. Ault, J.R. McDonald, “Planning for distributed generation within distribution networks

in restructured electricity markets”, IEEE Power Engineering Letters, Power Engineering
Journal, Vol. 20, No. 2, pp. 52-54, February 2000.

P. Espie, G.W. Ault, J.R. McDonald, “Multiple criteria decision making in distribution utility
investment planning”, Submitted and accepted for Electric Utility Deregulation and

Restructuring, and Power Technologies Conference - DRPT 2000, April 2000, London, pp 576
- S81.

J. Padullés, G.W. Ault and J.R. McDonald, “An Approach to the Dynamic Modelling of Fuel
Cell Characteristics for Distributed Generation Operation™, Proceedings of the IEEE Power
Engineering Society Winter Meeting 2000, 23-27 January 1999, Singapore.

J. Padullés, G.W, Ault, J.R. McDonald, “An Integrated SOFC Plant Dynamic Model for Power
Systems Simulation”, Journal of Power Sources, Vol. 86, March 2000, p. 495-500.

G.W. Ault, A. Cruden, ].R. McDonald, “Specification and testing of a comprehensive strategic

analysis framework for distributed generation”, IEEE PES Summer Meeting, July 2000,
Seattle, USA.

CET. Foote, GW. Ault, GM. Burt, JR McDonald, JP. Green,
“Towards a structured methodology for distribution network design applications”,
35th Universities Power Engineering Conference, Belfast; 6th-8th September 2000.

In addition to these authored and co-authored papers, are acknowledged contributions from industrial

partners for the following papers:



J.E. Hill, R.A. Dnver, I. Ritchey, H. Middleton, G.A. Taylor, “An Alternative Design of
Electricity Supply Infrastructure”, 12" CEPSI, Thailand, November 1998. (Acknowledged

contribution).

K.F. Shrimpton, A.G. Sheard, “A Grid Disconnection Relay for Small Power Producers”,

IMechE Seminar on Steam Turbine Governing & Overspeed Protection, London, May 1998,
(Acknowledged contribution).

D. Openshaw, "Assessing the Commercial Impact of Embedded Generation on UK Distribution
Systems,"” IEE Collogquium on 'Economics of embedded generation’, vol. IEE Digest No. 98/512,
pp. 4/1-4/7, 1998.

The following papers have been submitted pending review or publication:

G.W.Ault, "Assessing how the growth of embedded generation will affect the secunty and
reliability of distribution networks", IIR Conference on ‘Security and reliability in electricity
distnbution’, London, September 2000.

G.W.Ault, J.R.McDonald, A.Cruden, R.C.Knight, "Prospects for a load security contribution

from embedded generation”, IEE/IMechE Seminar on ‘Embedded Generation — Opportunities &
Experience’, London, October 2000.

G.W.Ault, JRMcDonald, A.Cruden, "Planning Dispersed Renewable Generation with

_ Geographical Information Systems”, 16™ International Conference and Exhibition on Electricity
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Table 1-1 details the reports issued by the author in the course of his work on distributed generation

analysis and planning during the period of research for this thesis.

RR/MAT/TR/1997-002 Jul Distributed Generation Project - Issue Set.
i =

RR/MAT/TR/1998-006 Jun Work Package 2.1 - ‘Effects of Embedded Generation on
- Network Characteristics — Simulation Results’,

RR/MAT/TR/1998-005 Jun Work Package 1.1 — “Test Distribution Network Simulations
T
EE/MAT/KT/1998-001A May

May

Jun

1998

Trading.
EE/MAT/KT/1998-004 May Eastern Electricity Networks Business Impact of Embedded
1998 Generation — Knowledge Transcript -~ Commercial

. Development, System Pricing and Distribution Contracts.

OXERA Apr Embedded Generation in the Eastern Electricity Network:

EE/MAT/PR/1998-007 Nov Eastern Electricity Embedded Generation Project: Scenario
_ 1998 Simulation Process, Method and Software Description.

EME/EP/TR/1999-001 Feb East Midlands 132/11kV Network Design Study: Boston-

CEPE/PSMS/TS/1999-001 | Jan Integrated Embedded Generation Analysis Research Project:
- High-Level Model Specification.

CEPE/PSMS/TS/1999-002 | Feb Integrated Embedded Generation Analysis Research Project:
i ) o

to Assess the Effects of Embedded Generation on Power

Import Levels’.

Eastern Electricity Networks Business Impact of Embedded
Generation - Validated Knowledge Transcript — Network

Strategy.
EE/MAT/KT/1998-002A

Eastern Electricity Networks Business Impact of Embedded
Generation - Validated Knowledge Transcript — Generation

Business.

EE/MAT/KT/1998-003A Eastern Electricity Networks Business Impact of Embedded

Generation - Validated Knowledge Transcript — Energy
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1999 Scenario Identification for Case Study.

Jul Integrated Embedded Generation Analysis Research Project:
1999 Case Study Definition.

Nov Integrated Embedded Generation Analysis Research Project:
1999

CEPE/PSMS/TS/1999-003

CEPE/PSMS/TS/1999-004

CEPE/PSMS/TS/1999-008

CEPE/PSMS/TR/1999-009

Consolidated Issue Set for Distributed Generation in the
United Kingdom.

Nov Integrated Embedded Generation Analysis Research Project:
Integrated Embedded Generation Analysis Research Project:

Dec Integrated Embedded Generation Analysis Research Project:
1999 Review of Results of 1¥ Iteration of Loch Case Study.

Integrated Embedded Generation Analysis Research Project:
Financial Analysis Results.

Distributed Generation Strategic Analysis Research Project:

CEPE/PSMS/TR/1999-010

CEPE/PSMS/TR/1999-011

CEPE/PSMS/TR/1999-012

CEPE/PSMS/TR/2000-001

CEPE/PSMS/TR/2000-002 | May

Construction, Simulation and Analysis of Distributed

Generation Scenarios.

EfERRE e wE

Table 1-1: Published reports by the author relating to distributed generation analysis and

planning.

In addition to published papers and reports, the author has made numerous invited presentations

relating to the work of this thesis to commercial and governmental organisations:
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Scottish Power Technology
National Grid Company
Rolls-Royce

GE-Harris

Scottish Executive

East Midlands Electricity
Eastern Electricity

Norweb

Scottish Power - Power Systems
ICL
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2.1 Summary of Chapter 2

This chapter establishes the recent fundamental changes in the electricity industry in the UK which
have provided a springboard for growth in distributed generation. The changes in industry structure,
ownership and regulation have resulted in major forces influencing the distribution function of the
electricity supply chain. This chapter outlines how these drivers, plus a number of other legislative
and technological innovations created the foundations for the growth in distributed expernienced to
date and the further growth now expected. Specific mention is made of the effects of restructuring
and regulation on the now private distribution companies as it is from a distribution perspective that

distributed generation will be analysed in later chapters.

The three main drivers of distributed generation growth are: the ongoing process of electricity industry
restructuring including competition and the introduction of regulation; environmental concerns and

accompanying legislation, and; advanced in distributed generation technologies. These three drivers

have combined to form an ideal foundation for growth of distributed generation.

Introduction to these three areas forms the background to further discussions of the potential effects of

distributed generation and requirements for new distribution planning techniques as developed in later

chapters of this thesis.

2.2 Electricity Industry Restructuring

The Electricity Act of 1989 ushered in a new era for the electricity supply industry in the UK. The
majority of the industry was transferred from public ownership to private ownership on ‘vesting day’
in April 1990. Simultaneously, competition was introduced into the wholesale market for electricity
through the creation of the Electricity Pool. An electricity regulator was established to oversee the
transition to full competition of some areas of the industry while overseeing the activities of the
natural monopoly areas of the industry on an ongoing basis. Similar transitions from public to private
ownership and from integrated to unbundled structure were also occurring on the international stage at

around the same time.,
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The objectives of the electricity supply industry restructuring in the UK were numerous and often
conflicting which resulted in a less than optimal transition from state owned monopoly to private

enterprise. The main objectives of the government in electricity industry restructuring in the UK were

to:

¢ Remove capital burden for large scale electricity industry investments from government

¢ Raise money for the Treasury

o Enhance efficiency in the electricity supply industry through the rigours of the private capital
markets

¢ Reduce the power of the coal mining industry

e Reduce the end price of electricity for consumers

e Enhance the general performance of the electricity industry

e Provide the path to privatisation to enhance political populanty

The conflicts between objectives resulted in some major flaws in the new industry structure which
continue now to receive attention. In one sense, however, it is unfair to apportion blame for the

deficient areas of electricity industry structure since the restructuring process was nothing short of a

government experiment on a massive scale.

Many other countries have also pursued electricity industry restructuring within the same general
time-scales as the UK. Australia and New Zealand, for example, initiated ESI restructuring
programmes shortly after the UK but each have adopted different models for industry structure based
on mixes of ownership and unbundling of generation, transmission and distribution. The US has
adopted a state by state approach to restructuring with some states (such as California) moving
quickly to full wholesale competition in generation and retail competition in supply. The European
Union (EU) passed a directive in 1997 to obligate each- member country to open the retail market in
supply to competition for larger customers. Many countries, such as Germany, have taken the
opportunity to go much further than the EU directive dictates, restructuring their electricity market to
enable full competition in the wholesale market and the retail market while moving the utility

companies into private ownership.

Since 1990 the electricity supply industry has been in a constant state of flux with further restructuring
activity, increased corporate activity in take-overs, mergers and acquisitions, continued high levels of
regulatory intervention and the transition to full competition of the retail electricity market amongst

other areas.
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Figure 2-1 illustrates the states of the electricity industry before 1990 and then immediately after 1990
with some of the recent changes lumped together under the heading Post Utilities Bill/ Post 1998.

1998 was the year of transition to full retail competition whereby twenty three million customers in

the UK could choose their supply company rather than be bound to the local distribution and supply

company.

Post-Utilities Bill

Pre-1990 Post-1990 Post-1998
GENERATION CEGB GenCos GenCos
TRANSMISSION CEGB NGC NGC (TO)
DISTRIBUTION Area Boards REC DNOs
SUPPLY Area Boards REC SupplyCos

Figure 2-1: Changing structure of the Electricity Supply Industry in the UK.

A number of new entities have been created in the UK electricity supply industry (as they have been
elsewhere in the world). Two major generation companies were formed (National Power and
PowerGen) in 1990 which inherited the majority of the non-nuclear generation plant of the Central
Electricity Generating Board (CEGB). The more modem nuclear plant was floated privately some
years later as Nuclear Electric and Scottish Nuclear Limited. The older nuclear plant remains in
government hands to this day under the banner of Magnox Electric. Many new independent
generation companies have entered the market since 1990 raising the level of competition in the
wholesale market although this has not had the expected result of lower end use prices and higher
levels of service. An increasing number of the new generation stations are connected not to the
transmission system but to the distribution system. This so-called ‘distributed generation® will be

discussed in more detail in section 2.4 and is the focus of the ideas developed in this thesis.

The transmission system in England and Wales moved into the ownership of twelve Regional
Electricity Companies (RECs) in 1990 as an interim measure until the National Grid Company (NGC)
gained autonomous status in 1995, NGC own and operate the transmission system and also undertake

the operation of the electricity market system (The Electricity Pool).

19



The Area Boards who distributed electricity from transmission system to consumers and also retailed
(supplied) the electricity to consumers maintained their regional natural monopoly franchises and
moved from state to private ownership in 1990. The electricity retail markets in each area have been
progressively opened to competition with the IMW (annual peak demand greater than 1MW) market
opening to external competition in 1990, the 100kW market opening to external competition in 1994
and the full retail market (including the smallest domestic consumers) opening to competition during

1998 and 1999 as the RECs commissioned new systems to cope with very large numbers of

customers.

The Utilities Bill, which is being heard in parliament as this thesis is being written, enshrines the
concept of separation of natural monopoly and competitive business areas in the electricity supply
industry. The owner-operators of transmission and distribution systems cannot own generation in
their own franchise area except with strict measures in place (so-called ‘Chinese walls’) to stop
collusion or cross subsidy between competitive and natural monopoly business areas. This has
resulted in many RECs selling their retail businesses to third parties and concentrating on the business
of electricity distribution. The term distribution network operators (DNOs) is now commonly used to
describe the distribution only players. As this thesis is written two major supply business sales have
been announced, one by Norweb who is selling its retail business, Energi to Texas Utilities (TXU) of

the US and the other by British Energy who are selling their SWALEC electricity supply business to
Scottish & Southern Energy.

In an article that assesses the results of the restructuring of the electricity supply industry in the UK

John Casazza outlines changes arising from three key areas of the restructuring process (Casazza,
1997):

1. privatisation
2. competition

3. regulation

The following trends have emerged in the electricity industry since the restructuring in 1990 and are

attributed to the process of privatisation:

e increased tanffs

e sale of public assets at low prices
¢ use of coal gradually reduced

e reduction of utility staff levels

¢ improved management remuneration and morale
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e 1ncreased attention to customer concerns
e increased cost of capital due to higher risks of lending to private utilities
e new tax revenues from private utilities

e evolution of subsidies mechanisms for utility companies

This assessment suggests that the outcomes from the privatisation process have been a mix of positive
and negative. The mixed results arising from privatisation (and other aspects of restructuring) have

been one of the key factors in ensuring that restructuring has become an ongoing process in the UK

rather than a fait accompli.

Many commentators have commented that the only certainty in the electricity supply industry in the
UK at present is change itself (with reference to the ever-changing structure and modes of operation of
the industry). The process of change initiated by the initial stimulus in 1990 has continued to move
apace. Since 1990 the ownership of many of the private electricity utility companies has changed.
Both East Midlands Electricity and also Eastern Electricity have had two owners since their initial
flotation into the hands of public shareholders. East Midlands Electricity was first taken over by
Dominion Resources of the US before being bought by PowerGen, the large UK generator. Eastern
Electricity was initially taken over by Hanson, the UK-US conglomerate, before being bought by
Texas Utilities (TXU) of the US. In addition to general ownership changes, the industry has become
more fragmented due to the unbundling of many of the services traditionally found in the same
company while at the same time becoming more consolidated in some areas. For example, the
function of distribution, meter operations, electrical contracting, electricity supply and electrical
equipment retailing (e.g. domestic ‘white goods’) were all undertaken by the pre-1990 Area Boards
but are now.often owned by as many separate companies. On the other side of the coin, specialists
have appeared in some areas, consolidated around one or more electricity supply chain functions and
gained market share across a wide geographical area. Electricity supply is one example of this type of
consolidation with a smaller number of serious players (e.g. Texas Utilities/Eastern Electricity and
Scottish Power) acquiring greater market share through a variety of strategies. Others, who have

failed to achieve a nominal critical mass, have been forced out of the supply market.

In addition to ownership and unbundling, Regulation also continues to evolve with new measures
continually being brought into force to elicit the required behaviour from the industry participants.
One stated aim of regulation in the UK electricity industry is to introduce competition wherever
possible within the electricity supply chain. In general, competitive forces (in the ideal case) improve

performance and create downward pressure on prices towards the marginal cost of production. If the
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ideal competitive market produces the optimal economic outcome then it is sensible to aim to
introduce competition wherever possible. The electricity regulator in the UK (now called the Office
of Gas and Electricity Markets or OFGEM) has introduced competition in the wholesale and retail
electricity markets thus forcing generators and supply companies, respectively, to compete with each
other. Competition has also been introduced in a number of other minor areas within the electricity

supply chain such as meter reading and network construction.

The introduction of competition has resulted in a number of changes in the UK electricity market
(Casazza, 1997):

e unbundling of generation and transmission into separate businesses
¢ formation of the Electricity Pool

¢ removal of costs basis for wholesale power

e merit order dispatch based on bid prices from generators

¢ generators paid at market clearing price

e shift to natural gas fired generation technologies

e open access to the transmission system

¢ retail competition introduced in stages

¢ no central planning

¢ financial derivatives to reallocate risks in volatile wholesale electricity market

Competition cannot be introduced effectively (or economically) in the natural monopoly areas of
transmission and distribution. Mechanisms have had to be designed to regulate the natural monopoly
activities in such a way that monopoly power is not exercised to the detriment of consumers or other

industry players. The remaining natural monopoly players in the UK industry are the transmission

and distribution network operators.

The general mechanism for regulating the natural monopoly areas of the industry is through a price
control mechanism. Through this mechanism the aggregate revenues collected by natural monopoly
companies are limited to a rise in line with the retail price index (RPI) minus a factor which reflects
the view of the electricity regulator on the scope for efficiencies leading to price reductions. If the
monopoly companies perform better than the regulator’s assumption on efficiency gains, then the
companies make more profits and if the companies do not produce efficiency gains in line with the
regulator’s assumptions then their profits reduce. In this manner the natural monopoly companies are
provided with financial incentives to become more efficient as would be the case if they were subject

to competition. The price control mechanism is discussed further as it applies to distribution (section
2.2.1).
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When competition or price control regulation is deemed to be insufficient to produce efficiencies
within the electricity industry then more serious measures are required to elicit the desired responses
from participants. This form of structural regulation has been witnessed in the UK electricity industry

in recent years,

The most striking recent case of major structural changes in the electricity industry initiated by
OFGEM is the revision of the electricity trading arrangements. In 1998, OFGEM, in response to
perceived deficiencies in the Electricity Pool system for trading electrical energy, published a review
of possible revisions to the electricity trading arrangements (Office of Electricity Regulation, 1998).
The reviews of the Pool system highlighted a number of serious defects in the Pool as an open
competitive market system and proposed a restructuring of the electricity market to move it into line
with trading arrangements for many other commodity products. Within a relatively short period of
time the electricity trading arrangements have been revolutionised in response to the call of the
regulator. This 1s prime example of the sort of structural regulation which has continued since the

initial round of restructuring in 1990.

This section has discussed several aspects of restructuring, competition and regulation with many
more aspects omitted. The message from all of this is that the electricity industry in the UK is now a
highly dynamic arena where individual players vie for competitive edge. Throughout the opening
chapters of this thesis it will be shown that distributed generation is becoming one of the fastest
growing areas in the electricity industry with many accompanying challenges and opportunities. In
part the impetus for growth in distributed generation has come from industry restructuring and
competitive forces. Other than the obligation for distribution companies to be impartial towards
distributed generators, no regulatory measures have yet been taken for or against distributed
generation. The experience of recent years has shown that where the regulator believes that some
measure could act for the good of competition, and by implication for the good of customers also, then
new regulations or guidelines have been introduced quickly and forcefully. Given the many benefots
of distributed generation, the coming years may see even more drive for distributed generation

through some direct regulatory measure.
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2.2.1 Electricity Distribution

Distribution has been unbundled from the other activities in the electricity supply chain and the
Utlities Bill which is progressing through the UK Parliament at present will secure the concept of the
distribution company as a natural monopoly service provider. In this role the distribution company
will be obliged to offer transparent and non-discriminatory access to their distribution network for any
licensed party. Licensed parties include generators and supply companies. Supply companies will use
the distribution network for the purpose of transporting electrical energy bought on the wholesale
market for sale to customers at load points (also known as distribution system exit points). Generators
will sell electrical energy to supply companies at point of generation connection to the distribution
system. Many other variations on these two basic modes of use of the distribution network are

possible with the main differences being in the commercial arrangements regarding purchasing and

selling electrical energy.

The distribution company receives regulatory controlled revenues for the provision of basic
distribution services which are delivered within strict technical regulations. The allowed revenue for
the provision of these services is based on a price control formula which is linked to the retail price

index. The regulatory price control formula for a UK distribution company is shown in Equation 2-1.

R, + Xy
(1+ —- )(

M, = P,+P_ )x(le 2}% +— +Ph_l(AI,-I1) - K,

D YRD.
Equation 2-1
Where the symbols represent parameters as follows,
M is the maximum allowable distribution revenue per unit distributed in year ¢.
RPI,.; is the average of the annual inflation rates in July to December of the previous year.
D, is the quantity of units distributed in year ¢.
C; is the number of customers in year ¢.
AL;and L, are the allowed and actual distribution losses.
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K; is the correction factor for under- or over-recovery of revenue in previous years.
X is the distribution X factor as set by the regulator.

P, and P,, are factors representing allowances for non-distribution business areas.

Po; is the base price for customer type i.
P, is the base price for losses.
cand ,.; are the subscripts denoting the year.

The price control formula for distribution and the revenue which it controls is one of two major
influences on distribution profitability. The level of costs incurred by the distribution company is the
other major factor influencing profitability. Incidentally the regulator has influence over expenditure

through approvals for expenditure plans.

OFGEM controls the total regulated revenue (effectivel)} the product of My and D, ) through the
setting of a number of base prices and factors (Py; y Py , Poi and Pr; ) and the distribution price

control factor, Xy . Table 2-1 shows the range of X factors for the fourteen mainland UK distribution

companies from the year 1995 to 2000. The general level of reductions in distribution revenues can

be clearly seen with each of the distribution companies requiring to reduce their regulated revenue by
11% to 17% in 1995/96, 10% to 13% in 1996/97 and by 3% in each year thereafter.

Financial Year | X factor (range for individual RECs)
1995/96 -11t0 -17%
1996/97 : -10to - 13 %

1997/98 -3%
1998/99 -3 %
199972000 -3%

Table 2-1: X factors for UK distribution companies from 1995 to 2000.

There is continuous pressure on the distribution companies to reduce the costs of operating and
investing in the distribution networks. The topic of distributed generation will be discussed at greater

length later in this chapter but a number of important issues are raised from the price control formula
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in consideration of distributed generation. For example, if there is a substantial shift to on-site
generation, where a consumer generates some or all of their own electrical energy requirements, then
the number of units of energy transported through the network will reduce. This will result in reduced
regulated revenue according to the price control formula. If distributed generation results in further
reductions in losses in the distribution network then there may be a premium for the distribution

company through the losses term in the price control formula.

The effects of electricity industry restructuring on distribution planning are discussed by Van Geert
(Van Geert, 1997). Distribution utility relations with customers will evolve with the distribution
company becoming more accountable to the ever increasiﬁg customer expectations for a high quality
supply. The ageing of distribution assets works against the need for ever increasing quality of supply
and overcoming the problems associated with the age profile of distribution assets is viewed as one of
the major challenges for distribution planners. Van Geert also predicts that uncertainty is likely to
grow as restructuring continues and while distribution companies are used to operating in an
environment of uncertainty, the levels and diversity of uncertainty will be unprecedented. Against this
backdrop Van Geert discusses the growth of distributed generation. These themes of restructuring,
distribution planning, uncertainty, network performance and distributed generation will be evident

throughout this thesis.

In the recent distribution price control review (f)fﬁce of Gas and Electricity Markets, 1999), the
electricity regulator introduced some comparison of performance between distribution companies and
provided rewards for the better performing companies and penalties for the poorer performing
companies. The rewards and penalties were provided through raising and lowering the X factor for
each company according to their performance in a number of categories. More recently, the
electricity regulator (under the banner of the Information and Incentives Project) has been assessing
the possibility of making much closer and more consistent links between allowed revenue and a
number of measures of performance including comparison to other utility companies operating in
similar circumstances. The purpose of a ‘yardstick® approach to regulation is to not only provide
incentives for financial efficiency, as exist with the present price control formula arrangement, but to

provide incentives for better performance.

In summary, after several of years of changing distribution structure and regulation, one would have
to note that the consequences of failing to achieve certain standards of financial and physical
performance from distribution activities are growing more serious. The pace of change and the level
of uncertainty within electricity distribution seem to be increasing. Distributed generation may be just
another difficult issue to deal with within already very tight budgets or it may provide opportunities to

perform well with the right strategies in place.
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2.3 Environmental Concerns and Legislation

The effects of emissions from industrial related activities on the natural environment have become
much more apparent in recent years. The harmful effects of acidic gases on flora and fauna followed
by the effects on local air quality and respiratory health of certain other gaseous and particulate
emissions followed by the effects of greenhouse gases on the global climate have come to light in
recent years. These three effects are mainly continental, regional and global in scope respectively.
The side effects of man’s industrious developments are becoming clearer as the body of scientific

evidence grows to show the detrimental effects of industnalisation.

Electricity generation is a major contributor to the production of emissions affecting air quality, acid
rain and greenhouse gases. The advances in the understanding of the mechanisms of damage done
through emissions from industrial activities has been accompanied by a growing body of
environmentally related regulation and legislation in many countries. The measures adopted include
the control of oxides of nitrogen through combustion adaptations and the control of oxides of sulphur

through scrubbing of fuels and filtering of power plant emissions. These are in effect ‘micro’

measures to control the harmful effects of electricity generation.

At a higher ‘macro’ level, national governments and international trade groups have put policies in
place to encourage the development of power generation technologies which will be less harmful to
the regional, national, international and global environment. Key advances under these programmes
have been the advances in Dry Low Nox (DLN) to reduce the production of oxides of nitrogen
through high temperature combustion in air as found in gas turbiries and the raft of environmentally
oriented policies relating to climate change, The UK Climate Change programme includes measures
to enable the UK to meet carbon emissions targets (the major greenhouse gas) which have been set
within the Kyoto framework. Reductions in carbon emissions: are to be realised through renewable
technologies and the more efficient use of energy in combined heat and power schemes. A major
portion of the target for carbon emission reductions in the UK has come from the use of natural gas
instead of coal as the predominant power generation fuel. Natural gas produces far better carbon

emission performance than coal due to its basic molecular composition and structure.
The UK government has set various targets for renewable and new energy technologies to address the

need for carbon emission reductions. A target of 10% of UK electricity (in terms of energy) to be

produced from renewable sources by the year 2010 1s one of the major targets underpinning the
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policies to encourage renewable generation development. One further target for combined heat and
power generation is to have 10GW (electric) installed capacity also by the year 2010. The current
total installed capacity of CHP is somewhere around 4GW while the total energy produced from

renewables at present is less than 2%.

A proportion of the growth in installed capacity in renewables and CHP will be in smaller units sizes
and connected to the distribution networks as distributed generation. It is evident, therefore, that
environmental concerns and accompanying legislation have produced an important stimulus to the

continuing growth of distributed generation.

2.4 Distributed Generation

The previous sections have discussed the changes in electricity industry structure, the creation of a
more competitive environment, the effect and pressures from regulation and the effects of a growing
awareness of man’s effect on the environment and the legislation and government policy that it has

spawned. Each of these areas of major change in the electricity industry has contributed to an

environment which stimulates the growth of distributed generation.

Restructuring has provided the framework of unbundled and regulated distribution companies with an
obligation to offer fair and transparent terms of access to the distribution network for gcﬁeraﬁon
developers. Where before 1983 and the Energy Act there was no access for independent generators to
the electricity network, after 1983 access to the electricity network was partially enabled. However,
the terms of purchase for independent geheration export were so poor that féw independent generation
schemes were initiated in this period. The Electricity Act of 1989 and the subsequent restructuring of
the electricity industry, begun in 1990, provided the impetus for the development of new independent
generation schemes. The liberalisation of access to natural gas as a generation fuel coincided with
restructuring in 1990 and provided the ideal inexpensive fuel for independent generators to challenge
the dominance of nuclear and coal fired generation owned by the dominant generators PowerGen,
National Power and Nuclear Electric. Thus the restructuring process has provided an environment for

the growth of distributed generation.
Competition has facilitated the entry of many new players to the electricity industry and both

generation developers and new unbundled supply companies have used distributed generation as an

opportunity to build their position. Distributed generation can be viewed as an energy trading option
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(see section 5.5.1.1) to support a supply business in a particular area of the country while it can also be
viewed as a way of larger generators building a portfolio of generation in a different area within the
market. International expansion of generation portfolios has also been a part of this strategy of

diversification for the larger generating companies.

Regulation has also played its part in the growth of distributed generation. Regional Electricity
Companies or RECs (the combined distribution and supply businesses which existed until 1998) while
constrained in the direct ownership of distributed generation in their own franchise area sought means
of expanding their non-regulated revenues. Distributed generation was one way of achieving such
non-regulated business expansion. Also, the electricity regulator has looked on distributed generation
as a means of providing a greater level of competition and has taken some small steps to pointing out
the benefits of smaller scale generation (Thomas, 1996) to the point of offering easements to the

stringent connection requirements to enable some smaller schemes to proceed.

The environmental benefits of some renewable generation technologies are relatively obvious and
have been described in section 2.3. Several government policies are in place to promote the
development of more renewable generation (Department of Trade and Industry, 1998). Renewable
generation units are usually small in size and connected to the distribution network and thus contribute

to the present portfolio and future prospects for distributed generation.

Two subsections below provide further evidence to suggest that continued growth in distributed
generation is likely. Section 2.4.1 discusses the status and prospects for many distributed generation
technologies, some of which are believed to offer high prospect now and in the future. Section 2.4.2
discusses some of the roles that distributed generation can fulfil. The diversity of functionality of

distributed generation is one more reason for speculating that they will grow in numbers and in

importance in the coming years.

2.4.1 Distributed Generation Technology

On of the key growth drivers for distributed generation has been the development of generation
technology at small scale. The relatively inexpensive nature of small generation units of some types
along with a perceived exhaustion of the economies of scale of larger (mainly steam based) units has
renewed the focus on generating units in smaller packages. This section simply lays down the broad

front over which generation technologies are developing from research concept all the way through to

mature economic options for electricity generation.
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General definitions of distributed generation (and ‘embedded’ or ‘dispersed’ generation) are presented
in section 3.2. These definitions made no attempt to prescribe any generation technology or energy
source to the general term ‘distributed generation’. Likewise, the role or mission of distributed
generation (2.4.2) does not influence its categorisation under the general heading ‘distributed
generation’. This section discusses the wide variety of existing generation technologies and also

emerging or developmental technologies that may be referred to distnbuted generation.

The UK Government Department of Trade and Industry (DTI) regularly survey the state of ‘new and
renewable energy’ for the purposes of developing government support programmes for technology

development and exploitation in the UK (Department of Trade and Industry, 1999).
Existing distributed generation technologies which display mature technology characteristics include:

e diesel
e gpas turbine

e small scale o1l and coal

Newer technologies that are either undergoing extensive development or are already in commercial

operation in smaller scale units and in small numbers include:

e active solar

o agricultural and forestry waste combustion
¢ energy crops (biomass)

e fuel cell

¢ hydro power

e landfill gas

¢ municipal solid waste combustion
e passive solar

e photovoltaic

e tidal stream

e wave power

¢ wind power (onshore and offshore)

Other technologies which the DTI believe are unlikely to be deployed in the UK at any meaningful

scale in the imminent future include:
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e large hydro

¢ solar thermal

e tidal barrage

¢ geothermal aquifers

e geothermal hot dry rock
e photoconversion

e ocean thermal

¢ hydrogen energy carrier

The lists of distributed generation technologies presented above illustrate the diversity of energy

sources and methods of conversion for electricity production.

The potential changes in the mix of generation connected to future power systems are vast. Not only
is it likely that there will be greater numbers of generating units connected to power systems but these

generators will be based on a far wider range of energy sources and will also present greater diversity

in electrical characteristics.

The underlying energy sources will present new degrees of uncertainty (and predictability) in
availability, from hourly fluctuating energy sources such as wind and waves to daily fluctuating
sources such as solar and tidal and seasonally fluctuating sources such as biomass (and again solar and
wind). The electrical characteristics of these generating units will vary from synchronous generating
units (as used with gas turbines) to induction generators commonly used with wind turbines and other

smaller technologies, and dc-ac conversion in such energy sources as fuel cells and photovoltaic units.

As noted, the characteristics of different generation mixes could be highly variable and likely to result
in additional complexity in many of the activities undertaken by distribution network operators. This -
additional complexity is due to the effects of distributed generation from planning and design through
operational planning and maintenance to scheduling and control of generation and even on to

electromagnetic phenomena and the requirements for system protection. Each of these areas is

discussed in more detail in chapter 3.

The effects of different generation technologies on the power system are highly variable and, in part,
dependent on the generation technology utilised. So as well as being a key driver for distributed
generation in general, generation technology is also one of the key factors influencing the effect on the

electrical system.
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2.4.2 Roles and Missions of Distributed Generation

The attractiveness of distributed generation has many facets depending on ownership of the
generation, intended function or mission or some unique feature of the technology which can be

exploited. The subsections below describe the main roles or missions of distributed generation in the

UK electricity market.

24.2.1 Merchant Power

One mission for distributed generation is merchant power production for trading in the national
electricity market. In this case, the generation developer attains project feasibility on the basis of the

revenues accruing from the sale of energy alone. Typically natural gas fired engines or turbines are

the most attractive technologies in this mission.

Vertically integrated utilities often find investment in modular technologies in smaller packages
attractive from the point of view of not committing to large generation projects with the
accompanying capital requirement when the load in any area is simply incrementing each year.
Investment in smaller technologies can be made to match the annual load increase while

simultaneously yielding other distributed generation benefits such as network support or reduced

electrical losses. The issue of smaller modular technologies is discussed in relation to investment risk

in section 3.3.1.5.

2.4.2.2 Renewables

The legislation aimed at promoting development of more environmentally benign generation
technology has produced a major stimulus for renewable generation, as discussed in section 2.3. The
chief mechanism for promoting renewables has been the Non Fossil Fuel Obligation (NFFO)
programme under which a levy is collected for all electricity supplied from fossil fuel generation with
the funds raised subsequently used to support renewable generation schemes. A report on the fifth
round of the NFFO programme (Department of Trade and Industry, 1998) shows the rates guaranteed
for producers of renewable power and the reductions achieved through the preceding four rounds of

NFFO. By June 1998 nearly S00MW of additional renewable generation had begun generating under
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the NFFO schemes. As noted, each successive round of NFFO contracts under the five schemes
produced a reduction in the guaranteed prices contracted with generation developers showing that the

technologies were maturing with some technologies nearing competitiveness without subsidy.

It could be said that many distributed generation projects have the objective of exploiting favourable
guaranteed prices for renewable generation through government schemes. In addition, a premium for
‘green’ electricity has emerged in electricity retail. Electricity suppliers have marketed schemes to
support renewable generation development through premiums of up to 10% added to customers’
electricity tariffs. The additional revenue generated is channelled into renewable generation
development. This adds a further incentive to renewables developers to exploit the favourable public

image of renewable generation.

2.4.2.3 Peaking plant

Industrial customers, and especially those who are intensive energy users, often utilise load
management opportunities to manage their exposure to the wholesale electricity price or as part of an
agreement with their supplier. It is becoming increasingly common to find on-site generation as an
integral part of on-site energy management strategy. The use of peaking plant to reduce the gnd
import (or opportunistically export) energy at peak price periods is alternatively termed peak lopping
or peak shaving (Hodgkinson, 1998).

The most transparent means of remuneration for peak reduction comes to the energy retailer who is
subject to lower transmission use of system charges through a reduced annual peak demand on the
transmission system. The transmission use of system charges are levied in accordance with
geographical location of load demand and the magnitude of peak demand placed on the grid supply
point groups in that area (averaged over three peak periods each separated by more than ten days).
The charges for transmission use of system can be very steep with demand charged at £16.39 per kW
peak load in 1998/99 in one charging zone (National Grid Company plc, 1998). Distributed
generation offers an energy retailer the opportunity to supply energy to customers in a particular area

while reducing exposure to transmission use of system charges.

The effects of peak reduction on the distribution company are discussed in section 3.3.1.2.
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2424 Combined Heat and Power (CHP)

Combined Heat and Power (CHP) has become the most common form of on-site power generation in
Britain and the number of units continues to grow in line with governmental targets (Department of
the Environment (UK), 1996). The many benefits of combined heat and power, particularly where

based on gas turbine technology, are well known;

e Reduced energy purchase costs for facility owner
e High utilisation of fuel energy content
e Reduced polluting emissions per unit of electricity

e Flexibility of operation

In summary the benefits of combined heat and power arise from the favourable economics of gas
turbine technology, an on-site requirement for heat and steam, and the reduced environmental impact

of energy production. There are, however, a number of risks with CHP schemes including those

arising from fuel input and electricity output prices (Burdon, 1994).

Many combined heat and power units are relatively small in capacity and are thus connected to

distribution networks. They are the most prevalent type of distributed power generation in the UK at
present.

24.2.5 Network alternative or network support

Distributed generation can be installed by a distribution utility specifically to support the nt'{twork
(subject to there being no restrictions on ownership of generation within its own distribution network).
An extensive research programme has been undertaken by the Pacific Gas and Electric Company
(PG&E) to assess the prospects and value of distributed generation in this role (Wenger and Hoff,
1995). The specific intention of the demonstration photovoltaic plant built at Kerman was to
understand the interaction of the generating unit with the power network and to quantify the grid-

support benefits.
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The areas of grid-support identified are:

e Reliability enhancement

e Loss savings

e Feeder conductor upgrade deferral

¢ Substation transformer replacement and maintenance deferral

¢ Transmission capacity deferral

A number of other benefits have been included in this evaluation including emissions abatement,
transmission connected peak lopping generation costs and energy savings at transmission connected
generating plant. The total value of all these benefits has been calculated in the range $295 to $425
per kilowatt installed. The grid support benefit value alone (bulleted list above) is estimated at $80 to
$155 per kilowatt installed. The drive to install distributed generation to support the electrical
network 1s not very strong at present but has enormous potential in future years and may become one

of the key drivers of distributed generation.

2.4.2.6 Standby generation

One traditional role for small-scale distribution level generation has been the provision of standby or
backup generation for critical loads such as financial centres, public buildings and hospitals. This
class of generators has normally remained idle until the utility supply to the site fails at which point

they generally operate isolated from the utility system. The main objective for the generation is to

provide higher levels of supply security.

However, the high electricity prices at peak load periods have persuaded some owners of emergency
generation (with the encouragement of some supply companies) to operate in parallel with the utility
network and export power when financially beneficial. Standby generation can also provide reserve
and other ancillary services (O'’Kane et al, 1999) to the power system given appropriate contractual
terms with the distribution and transmission system operators. Thus, the traditional boundary of
standby and utility connected generation has blurred slightly although the equipment requirements for

parallel and non-parallel operation remain distinct.
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2.5 Review of Chapter 2

This chapter has introduced only a selection of the changes in the electricity supply industry in the UK
for the purposes of setting the background for the recent growth and potential for more growth in
distributed generation. The combined forces of restructuring, competition, regulation, environmental
concerns and generation technology development have created an environment for further growth in

the numbers and diversity of distributed generation connected to the distribution networks of the UK

distribution companies.

Many views could be taken of the distributed generation field such as the generation developer
perspective or the central government legislator and policy developer. One of the most interesting
viewpoints from which to study distributed generation 1s from the natural monopoly distribution
company. Being barred from having direct ownership of distributed generation within their own
network and being obliged to offer open access to independent generation developers to the same
network creates a unique set of problems for distribution network operators. Distributed generation
produces a high level of uncertainty for distribution network operators as the distribution network and
business must be planned for shifting future needs but where capital investments generally have very
long lives. The contrast is clear between the long term planning problem for distribution companies to
very short lead-time generation projects sited at the developer’s preference and operating to a
uncontrolled schedule. The planning problems for distribution network operators are already

numerous but the problems look as if they will only increase as greater numbers of distributed

generating units appear in distribution networks.

The United Kingdom electricity market place is taken as the focus for the arguments and techniques
develoﬁed in this thesis. The electricity distribution function is performed by. private companies who
have the franchise (by licence) to distribute electricity in a geographical zone. Due to the natural
monopoly characteristics of electricity distribution, the private distribution companies are regulated by
a state instituted Regulator. To ensure fair and open access to the distribution networks, the
distribution companies are neither allowed to be the final supplier of electricity to consumers or to be
the providers of electricity into the network as generation owners. Distributed generation is
independently owned and operated within the regulated distribution systems. However, many of the

arguments and methods presented in this thesis can be generalised to other national electricity markets

and also to other planning problems than distributed generation.
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Chapter 3

DISTRIBUTED GENERATION
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3.1 Summary of Chapter 3

This chapter identifies, categorises and discusses the plethora of issues relating to distributed
generation. It becomes evident that the sheer volume of issues, added to their complexity, makes
rational quantitative assessment of the impact of distributed generation on distribution networks and
businesses a difficult task indeed. The presentation of distributed generation issues is followed

(section 3.4) by brief comments and queries regarding how the issues can be analysed and how the

structuring of the issue set can assist this process.

3.2 Distributed Generation Definitions

Distributed generation has received much attention in the literature in the latter 1990s. Three different
terms for distributed generation have found popular appeal in this period. Within these three terms, a
plethora of different definitions for distributed generation have appeared.

‘Distributed generation’ is the term stemming from the United States of America and finding usage
world-wide. Distributed generation is variously defined as small (typical capacity of 1 to 2SMW) and
located 1n areas of high load growth or where transmission capacity is constrained (Booras et al,
1996). An alternative definition of distributed generation is ‘the integrated or stand-alone use of

small, modular electric generation close to the point of consumption’ (Arthur D. Little, 1999).

‘Dispersed generation’ is the European term for small scale generation (‘from a few kilowatts to
dozens of megawatts’) located close to consumption centres and connected to distribution networks
(Hadjsaid et al, 1999). Some definitions take a more bullish approach to location and note that
dispersed generation is located as near as possible to the loads (Desbrosses et al, 1997). A central

planning approach to small generation is inferred in the latter definition.

‘Embedded generation’ is the term used almost exclusively in the United Kingdom. ‘Embedded’
describes the location of the generation within distribution networks. The term ‘embedded’ reflects
the structure of the electricity industry in England and Wales. The Central Electricity Generating
Board (CEGB) had control over transmission-connected generation and the transmission network

itself. All non-transmission-connected generation was thus ‘embedded’ in the distribution networks,
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from the CEGB perspective. Although the ownership of the components of the electricity supply
system has changed, from a transmission and central generation perspective distribution system
connected generation is still embedded. Embedded generation is therefore defined as generation
connected at 132kV or below (Thomas, 1996). Other definitions of embedded generation have been
proposed such as small and medium sized generators operating in parallel with distribution systems
(Checksfield and Redfern, 1995). However, generation connected at 132kV in the UK can be very

large with power stations of a few hundred megawatts not atypical.

Another less frequently used term for distributed generation is ‘decentralised generation’ which
simply notes that the generation is not controlled centrally and maybe cannot be controlled in the way

that transmission-connected generation can.

In essence, the three definitions for distributed, dispersed or embedded generation refer to the same

concept. The term ‘distributed generation’ (or the shorthand DG) will be used throughout this thesis
and will imply:

Smaller-scale (less than about SO0MW) electricity generation connected to the lower voltage

electricity distribution networks at a point close to load demand centres.

3.3 Distributed Generation Issues

The connection and operation of distributed generation produces a large number of issues for

generation developers, distribution network opetators, electricity regulators, government and

ultimately, also, transmission system operators.

The identification and understanding of the issues involved with distributed generation are viewed as

the starting point of the analysis and planning process. It will become evident later (section 5.4.2) that
logical categorisation and inter-linking of the issues is a facilitator for the design of an analytical

framework for distributed generation. The following categories have been identified:

¢ Energy Market Characteristics
e Government and Regulatory Policy
e Generator Financial and Economic Characteristics

e Distribution Network Characteristics
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¢ (Generator Electrical Characteristics

e Distribution Network Performance

e Daistribution Utility Finances

The core issues relating to distributed generation within each of these categories are discussed in the

following subsections. In-depth research of the issues related to distributed generation have been an

essential part of understanding that planning for distributed generation will be a complex matter. The
formation of this comprehensive set of issues comes from careful study of literature, attendance at

industry events focused on distributed generation and, importantly, from using knowledge engineering
techniques with industry experts (Ault et al, 2000).

The development of the distributed generation issues contained in the subsections below read like a

reference book. To provide an overview of the issues Figure 3-1 to Figure 3-7 illustrate a hierarchy of

the issues based on the seven areas bullet-listed above.

Energy Market Characteristics

Electricity Network Generation Interest Investment
market price services fuel sources rates risk

Figure 3-1: Distributed generation issues - Energy market characteristics.

Government and Regulatory Policy

Environmental Regulation Planning Energy trading
legislation mechanism authority mechanism

Govemment Statutory
energy regulations

consents policies

Figure 3-2: Distributed generation issues - Government and Regulatory policy.
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Generator Financial and Economic Characteristics

Generation
rate of return

Generation Generation Generator Renewable
technology capital cost life potential

Generation Generation
location operation and

Generator CHP potential
connection

maintenance cost cost

Figure 3-3: Distributed generation issues - Generator financial and economic characteristics.

Distribution Network Characteristics

Network Network Demand Distributed Network Network Network
electrical architecture profile generation reliability protection control

characteristics penetration

Figure 3-4: Distributed generation issues - Distribution network characteristics.
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Generator Electrical Characteristics

Generation Generation Generation Generation Generation
reliability and plant electrical control protection connection

Power export
profile

availability characteristics design

Figure 3-5: Distributed generation issues - Generator electrical characteristics.

Distribution Network Performance

Phase Transported
balancing units

Electrical
losses

Fault level Supply

availability

Voltage
fluctuations

Distribution Generation Supply
plant loading stability security

and utilisation

Figure 3-6: Distributed generation issues - Distribution network performance.



Distribution Utility Finances

Network Network
capital operattonal

Use of system
revenues

Generation Transmission Distribution
connection exit charges plant unit

expenditure expenditure

rEvycnucs COsts

Figure 3-7: Distributed generation issues - Distribution utility finances.

The structured issue set 1s used 1n the design of a distributed generation strategic analysis framework

and individual analytical modules in section 5.4.

3.3.1 Energy Market Characteristics

3.3.1.1  Electricity market price

The price a distributed generator receives for export to the power system depends on the contracts or
agreements in place between the generator and the buyer. The buyer may be an electricity supply
company or a customer on the same site as the generator. In either case, the price for generation is

reflective of the electricity price on the spot market, either wholly or partially.

Section 3.3.2.4 describes the operation of the Electricity Pool and some other factors affecting price

for smaller generating units.

The prices for electricity in the UK market are subject to substantial fluctuations that are dependent, in
part, on load changes and available generation. The market price for electricity is also dependent on

the bidding strategies of generation companies. The combination of these factors has produced values

of Pool Selling Price (PSP) of 0 £/MWh (zero) to over 1000 £/MWh in the ten year history of the
Electricity Pool.
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The Electricity Pool prices fluctuate by hour of the day, by month or season and also by year. Figure
3-8 illustrates the changes in Pool Selling Price through two days. The day with the higher peak price
1s 19 November 1997 while the day with the flatter profile and lower prices is 27 October 1996.
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Figure 3-8: Daily Pool Selling Price profile for days with maximum and minimum Pool Selling

Price value in the years 1996 and 1997.-

It is evident from Figure 3-8 that the spot price of electricity on the open market varies in each half
hour period and from day to day. The two days illustrated (27 October 1996 and 19 November 1997)
are the periods with lowest and highest values for Pool Selling Price throughout the years 1996 and

1997. The lowest value of PSP recorded on 27 October 1996 was 6.44 £/MWh while the highest
value of PSP recorded during the period was 586.81 £/MWh (on 19 November 1997).

The general trend in Pool Selling Price over the first seven years of Pool operation can be seen in

Figure 3-9.
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Figure 3-9: Average annual Pool Selling Price in the UK Electricity Pool from 1990 to 1997.

The annual average PSP was seen to increase year-on-year in each of the first four years of the Pool

system (from 1990 to 1994). Since then (as seen in 1994 to 1997 and continuing to 1999) the annual

average for PSP has reduced by a moderate amount each year.

The implications of the fluctuations and trends in the general price for electricity on the open market
are substantial uncertainty for distributed generation owners and operators. In the planning phase it is
very difficult to gauge the level of revenue from a distributed generation project over a ten to fifteen

year period. In day to day operations, it is difﬁcn:llt to foresee when the price for exports may drop

lower than running costs for the generating unit. These difficulties are compounded by the fact that in
the current structure of the electricity market in the UK there is little participation by distributed

generators in the price discovery process. As such, distributed generators are price takers rather than

price makers.

In summary, distributed generation feasibility study and operation strategy development must cover a

wide spectrum of possible outcomes for electricity price.
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3.3.1.2 Network services

Distributed generation has the potential to offer a number of services in support of distribution
network and market operation. Some of the technical features noted in later sections such as voltage
support, losses reduction or even system reinforcement deferral provide direct benefit to the
distribution company to whose network the distributed generation is connected. While few of the
potential network benefits are realised at present, there are mechanisms for compensating the
distributed generator for any benefit identified (Scottish Power plc, 1997a)’. Some industry
participants are keen to implement more transparent methods for dealing with network services. The
identification, evaluation and remuneration for distributed generation network benefits would, thus, be
enabled which would bring higher revenues for some distributed generators and benefits for the

distribution network operator.

In addition, distributed generation provides benefits to the buyer of the generation export energy
beyond the potentially lower purchase price. For example, the annual charges levied by the National
Grid Company (NGC) on generation and load in the UK market are dependent on the annual peak
capacity averaged over the three highest peaks (known as the ‘triad’). Thus, for demand, a charge is
made on an electricity supply company in direct correlation with the peak demand in a particular zone
of operation. Distributed generation offers the opportunity to reduce the annual peak demand for a
supply company through distributed generation operation at peak demand periods. A substantial

benefit arises from the reduction in peak demand and the ‘triad benefit’ can be traded separately from

the energy output.

Other potential areas of distributed generation benefit may arise in reactive power provision and
climate change certificates (the ‘green’ benefits of renewables may become a tradable commodity). It
can be envisaged that the revenue streams for distributed generators could become quite complex with

income not only from energy sale but also from a number of network and market services.

* The Scottish Power plc Statement of Charges for Use of the Distribution System (Scottish Power plc, 1997)
states: ‘Where a licensed generator connected to Scottish Power's distribution system can be demonstrated to
contribute system benefits then these benefits as quantified, will be used as an offset against the charges to be

made’, Thus, in theory, benefits can be realised by distributed generation operators. In reality there are few cases
of benefit payments of this nature in GB.
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3.3.1.3 Generation fuel sources

Important factors for the competitiveness of some distributed generation technologies are the short-
and long-term prices for fuel. While many of the renewable technologies exploit ‘free’ fuel sources,
other generation technologies are dependent on prevailing fuel prices on the open market. Natural gas
currently constitutes the most important fuel for distributed generation with many combined heat and

power, combined cycle and simple cycle gas turbine plants in operation in the UK and elsewhere.

The deregulation of the gas market and the legislation to liberate natural gas supplies for use in power
generation in 1990 provided an additional stimulus for distributed generation contributing to its
growth throughout the 1990s. Many believe that natural gas will continue to provide cheap fuel for
electricity generation for many years but this assumption is dangerous (in light of the experiences with
oil prices in the early 1970s). Recently, the market price for natural gas in the UK has doubled as a
result of the operation of an interconnecting gas pipeline to continental Europe. The gas and

electricity market regulator has refused to intervene citing that this is a result of market forces (Office
of Gas and Electricity Markets, 2000a).

The status of fuel supplies for renewable technologies is a much less national scale issue. Many waste
incineration, biomass, landfill gas and agricultural waste projects have been proposed in the UK with

a relatively small number progressing to operation. The fuel sources for these schemes are organised

more locally and the owner of the fuel source is often also the recipient of the generating plant when

operational.

The 1ssues surrounding fuel for generation relate not only to price but also to security and chemical
content, Security is a problem issue for natural gas supplies where to secure inexpensive contract
" prices, the operators of natural gas fired generation enter interruptible contracts. There is a fear that '
this situation may result in supply interruptions at peak gas system loads in the near future (Burdon,

2000). Much debate has focused on the fact that while sustainable, the biomass, landfill gas, and
waste incineration schemes are far from clean in terms of emissions. The chemical content therefore

has consequences for auxiliary plant requirements and ultimately the cost of the plant.
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3.3.14 Interest rates

The attractiveness of investments depends, in part, on the level of interest rates set by the relevant
central bank (The Bank of England in the UK). When interest rates are low, cash deposits look less
attractive due to lower savings rates while project investments look more attractive since the level of
interest payable on a capital loan are lower. Conversely, when interest rates are high, cash deposits
look more attractive while project investments look less attractive. In this way, the level of interest
rates influences the rate of distributed generation project development in the same way as other

investments.

Section 3.3.3.9 outlines the mechanisms for financial and economic evaluation of distributed
generation schemes. The choice of interest (or discount) rate used in such calculations is closely
linked to the general level of interest rates and therefore the projected levels of returns from
distributed generation projects are affected by the general level of interest rates. A higher interest rate

makes future project benefits appear less significant while a lower interest rate make future project

benefits more significant.

3.3.1.5 Investment risk

The modular nature of a distributed generating project investment due to smaller unit sizes is one
advantage often cited for distributed generation. This modularity provides flexibility which is of

value to power generation developers. Flexibility has three main advantages (Chapman and Ward,
1996):

1. It enables a greater set of options to be exploited in the future (through not committing too
much capital to one project and thus leaving capital to invest on other projects in future)

2. It enables a quicker change of direction in the future should conditions turn adverse (since
smaller investments have less ‘inertia’)

3. It enables a less expensive change of direction in the future (since it is easier to walk away

from a small poor investment than a large poor investment)

A staged approach to modular generation investments is a good strategy for reducing the risk of

investment since commitment to a small generation plant still leaves open a large number of future
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investment options which can be moved to a low cost and in a short time. Diversity of energy source

can be built more easily with smaller units. Such diversity could also lead to reduced investment risk.

Investment risk impacts on generation project financial feasibility calculations through the discount
rate (section 3.3.3.9) utilised in calculations (Khatib, 1997). Where an investment is deemed ‘risky’, a
higher rate of return is required and thus a higher discount rate is used. In power generation terms, a
risky investment might be to develop an Independent Power Producer (IPP) project in a developing
country with a history of political turbulence. A safer or ‘less risky’ investment might be a project in
monopoly transmission assets in a country with rate of return regulation in which case a known and

reasonable return on investment is guaranteed.

Distributed generation investment risk may be reduced through the flexibility of modular generating
units as previously discussed. While investment risk may increase due to the uncertain trading
conditions for distributed power services and the relative novelty of widespread distributed generation
as a concept which precludes a mature market at this time. Thus financial feasibility calculations may

be subject to a higher degree of uncertainty due to the additional choices of parameter values for

required rates of return on investments.

3.3.2 Government and Regulatory Policy

3.3.2.1 Environmental legislation

Sections 2.3 and 2.4.2.2 have outlined the government schemes for supporting renewables in the UK
electricity market. The results of the schemes have been generally positive although the barriers to
renewables development are sometimes higher than the incentives to cross the barriers (e.g. planning
permission constitutes a major barrier to development). The legislative framework on environmental
measures not only affects the support schemes for environmentally friendly technologies such as
renewable generation and combined heat and power but also the emissions control measures required
by more traditional technologies. Tightening of emissions targets clearly has consequences for the
costs and complexity of some fossil fuel based generation technologies. In short, government
environmental policy has a major influence on the relative economics of different generation

technologies and affects the development of the distributed generation technology mix.
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3.3.2.2 Regulation mechanism

The office of Electricity and Gas Markets (OFGEM) utilise a price cap approach to regulate the
performance of the monopoly electricity companies in the UK. The average allowable charges for use
of the distribution system are set through analysis of operating costs, reasonable capital investment in
the networks and a reasonable rate of return on assets (Office of Electricity Regulation, 1994). In
theory, each unit of expenditure is carefully assessed by the distribution companies since the operating
and capital budgets of the distribution utilities are tightly constrained by OFGEM. As a result, the

expenditure of the distribution compantes in the UK 1s focused on key performance indictors (KPI)
which are set by OFGEM.

The key performance indicators for distribution include supply availability, supply security, supply
quality (frequency and voltage) and performance for worst served customers (Office of Electricity
Regulation, 1997; Office of Electricity Regulation, 1998a; Office of Gas and Electricity Markets,
2000b). The allowed revenue of each distribution company is set according to performance against
each of these key performance indicators and also through parameters in the price control formula
which reflect the distribution company performance in such areas as electrical losses. Due to the links
between performance and revenue, the distribution companies tend to focus only on those areas where
there are clear and direct benefits. It is felt that there are few incentives for distribution infrastructure
expenditure specifically for distributed generation as there are no direct incentives for distributed

generation at present. Notably, even with the increases in numbers of distributed generators
. !
experienced in the UK, there was no mention of distributed generation in the distribution price control

review for the years 2000 to 2005 (Office of Electricity Regulation, 1998b; Office of Gas and
Electricity Markets, 1999).

3.3.2.3 Planning authority consents

One of the major factors in generation project feasibility is the granting of local planning authority
planning consents. The jocular references to NIMBY (not in my back yard) and BANANA (build
absolutely nothing anywhere near anyone) have very serious implications in the initial stages of
generation project planning. Many generation projects have not been able to cross the seemingly
insurmountable obstacles of local public opposition to new projects. The reasons cited for such

opposition to generation developments include the deterioration of local air quality, the visual
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intrusion of a power station and the effects on bird flight paths for wind farms (Department of Trade
and Industry, 1998).

A recent policy consultation document by the Department of Trade and Industry (DTI) outlines
planning consent issues as one of four main strands to government policy on new and renewable
energy sources (Department of Trade and Industry, 2000). Under the proposed policy to encourage
the construction of many new renewable generators, local authorities will aim to meet targets for
renewable generation within their planning area. The local planning bodies will thus have an
obligation to find ways of facilitating renewable energy in a manner which is least obtrusive or

damaging to local amenity.

3.3.24 Energy trading mechanism

The Electricity Pool was established in 1990 as the main channel for electricity trading in England and
Wales. The Electricity Pool operates as a spot market with generating units placing bids one day prior

to operation (Clarke, 1997). Bids are placed for 48 half hour periods running from 05:00 hours the
following day.

Generating plant is dispatched in merit order with the cheapest available plant dispatched in each half
hour period to meet the load demand (subject to start-up and shut down costs and transmission system
constraints). The wholesale price of electricity (Pool Selling Price) follows demand profile (in
general) with more expensive generation required when higher loads are forecast. Pool Selling Price
.(PSP) also depends on constraints in the transmission system, the accuracy of load forecasting,

generation availability and the cost of ancillary services such as reactive power, reserve and response.

The success of the Electricity Pool has been mixed. Initially doubts centred on the level of
competition between a relatively small number of generators (Redmond, 1994). More recently doubts
have escalated over the ability of the Electricity Pool to provide true competition and the
accompanying downward pressure on wholesale electricity prices (Office of Electricity Regulation,
1998c¢). In particular, the Pool is susceptible to price spikes (Office of Electricity Regulation, 1999)
which are a function of the cost characteristics of available generation but are also highly dependent
on bidding strategies from a small number of influential generators. As distnbuted generators are
effectively price takers from the wholesale market the mechanism for price setting is of great

importance to smaller generators.
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These suspicions about the effectiveness of the Electricity Pool have led to the commissioning of a
new electricity market in England and Wales which is due to come on-line in November 2000. The
New Electricity Trading Arrangements (NETA) will be based on bilateral trades between generators
and electricity suppliers with a short-term bilateral market to allow participants to tune their contract
positions and a balancing market to ensure that supply and demand are balanced. Penalties for

imbalance provide incentives for generators and suppliers to act as committed through electricity

contracts.

Smaller scale distributed generators (declared net capacity less than 100MW and maximum export
less than SOMW) have always had the option to form bilateral contracts with an electricity supplier
external to the Electricity Pool mechanism. The contracts between distributed generator and
electricity supplier are often based on Pool Selling Price (PSP) or Pool Purchase Price (PPP: one of
the intermediate prices in the determination of PSP). The new electricity trading arrangements will
radically alter the structure and may affect the level of prices available to smaller generators. The new
trading arrangements provide penalties for energy imbalance which could undermine the ability of

generators with highly variable outputs to trade effectively. The electricity trading mechanism can be

seen to have a major effect on distributed generation economics.

The resulting market spot prices for electricity are discussed in section 3.3.1.1.

3.3.2.5 Government energy policies

The government has a key role in stimulating the distributed generation market through their policies.
Some government policy is specifically directed at distributed generation related issues while other

influences on distributed generation occur as by-products of policies directed at other issues.

An important point to note 1s that, despite calls from certain quarters, there is no direct unified energy
policy in the UK. Rather, a raft of policies exists to create a general framework for the energy

industry at large:

e competition in the electricity market
¢ energy industries structure
e regulation

e environmental controls
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With these policies in place the government has tended to adopt a hands off approach to the electricity

(or wider energy) industry, preferring to leave matters to market forces. One notable exception (and
there are others) to this hands off approach was an intervention in 1997 to limit the number of
approvals for natural gas fired generation (so called Section 36 consents). This measure was intended

to slow the “‘dash for gas’ which had endangered the security benefits from a diverse generation mix.

Few specific policies benefit distributed generation in general but the Non-Fossil Fuel Obligation
(NFFO) and, more recently, new measures to stimulate the market for renewable energy provide a
framework of support for renewable generation. The NFFO programme (Department of Trade and
Industry, 1998) re-circulated a levy on fossil fuel generation sources into a support mechanism for
renewable generation whereby contracts were placed for the development of specific competitively
bid renewable projects. The operators of renewable generation receive a guaranteed unit price for
exported energy at an agreed rate for a period of eight or fifteen years after which the generators enter

the open competitive market. The new measures outlined by the UK government (Department of
Trade and Industry, 2000) include:

e Obligation on supply companies to purchase 10% of energy from renewable sources or buy

out the obligation at a fixed price with the proceeds being distributed by OFGEM.

e Exemption from the climate change levy for renewable sources of energy (as outlined below
for CHP schemes).

e Support programme for new and renewable energy technology research, development and
demonstration.

o Setting of regional planning targets to ensure every region in the country contributes to the

adoption of cleaner and more sustainable sources of energy (see section 3.3.2.3).

The governments enthusiasm for combined heat and power (CHP) generation has also recently led to
a policy (Department of the Environment, 2000) to exempt high quality CHP schemes from paying the
Climate Change Levy (CCL) which is effectively a tax on carbon emitting sources of electricity. This
measure is likely to make high quality (one of the measures of which is higher fuel utilisation) CHP

schemes more attractive to developers.
While no specific measures exist for distributed generation in general, there are some policies

applicable to specific types of distributed generation such as CHP or renewables. Further policies and

legislation may appear in the future as the importance of distributed generation grows.
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3.3.2.6  Statutory regulations

A high number of statutory regulations apply to distributed generation. Many of these regulations
have provided the foundation for the safe, secure and relatively high quality supply of electricity for
many years. The regulatory environment for distributed generation ranges from the all embracing
regulations such as the Energy Act (1983) and the Electricity Act (1989) which set the framework for
the electricity supply industry to the detailed specifications and recommendations covering specific
aspects of distributed generation such as G59/1, the recommendation for the connection of distributed

generation units to distribution networks.

G59/1 (Electricity Associatton, 1990) has been noted and is a critical regulation for distributed
generators and distribution companies (along with the accompanying protection guidelines in ETR
113 (Electricity Association, 1995). The Distribution Code (The Public Electricity Suppliers of
England & Wales, 1990) also provides a very specific set of guidelines for the relationship and

interactions between distributed generators and distribution companies in planning and operational

matters.

Many other regulations are already or are fast becoming important for distributed generators in terms
of their effects on the electricity network. G5/3 specifies the limitations for harmonic distortion
which will become increasingly important for power converter interfaced generation units. P2/5
specifies the security of supply standards required in planning electricity networks in the UK. P2/5 has
major implications for generators and distribution companies alike which are discussed more fully in

sections 3.3.6.6 (supply security) and 3.3.7.1 (network capital expenditure).

Rogers (Rogers, 1998) discusses many of the electricity regulations and their implications for the
connection and operation of distributed generating units. For smaller generators, the regulations can
appear to stifle the freedom of their enterprise and that, while creating a framework for the effective
management of electricity networks, can be complex and restricting. There is a general feeling within
the electricity industry that some of the regulations require to be updated to reflect the new
requirements of distributed generation. To this end the new regulation G735 (Electricity Association,
1996) was introduced in 1996 to cover the growing prevalence of small generators in distribution
networks which had capacities or outputs greater than those covered in the equivalent standard for
very small units, G59/1.
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G59/1 is the crucial standard for distnibuted generation developers while P2/5 is the crucial
requirement for distribution planners. These standards (and their implications) are discussed in

sections 3.3.5.6 and 3.3.6.6 respectively.

3.3.3 Generator Financial and Economic Characteristics

3.3.3.1 Generation technology

Section 2.4.1 discussed the diversity of generation technologies and outlined some of the potential
effects of the different technologies on the planning and operation of the power distribution network.
In addition to the effects on the distribution network, and of key importance to the generation

developer, are the economic characteristics of each generation technology. In turn, the economic
characteristics of generation technologies will influence the development of actual generation projects
which will give rise to a set of influences on the utility network and business operation. It can be

seen, therefore, that the distributed generation technology mix clearly has influence on the

distribution network and business.

3.3.3.2 Generation location

The site chosen for new generation is a complex decision for generation developers and is based on a

large number of factors such as:

e land availability, planning permission status and cost
e proximity to electrical network
e proximity to fuel source

e prospective connection and use of electrical system costs

In turn, the selection of the site has major influences on the overall impact of the generation scheme
on the power system. The position of the generator connection within the power system affects the
power flow, fault, dynamic and financial performance of the utility network. Some consider that, to

ensure the maximisation of economic efficiency within the electricity system, location based charging
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structures must be introduced to provide differentials between those generators sited where they

provide benefits to the system and those sited where they produce costs to the system (Mutale et al,
2000).

The arguments about the influences of generator location could be taken further to include economic
externalities in the assessment of distributed generation schemes. Some of the externalities relating to

distributed generation schemes and their location are:

e visual intrusion (particularly vociferous for wind farms)
e emissions performance (greenhouse gases, acidic gases and local air quality gases)

¢ Jlocal employment prospect

In summary, the location of distributed generation schemes may have significant consequences not

only for the local distribution and wider power network but also for the economy and society at large.

3.3.3.3 Generation capital cost

The choice of generation technology for a distributed generation scheme will in large part be
influenced by the capital cost of generation units of that technology. With such a wide variety of
generation technologies on the market (see section 2.4.1) it is not unexpected that there exists a wide
range of capital costs for distributed generation plant. Capital costs range from inexpensive industrial
gas turbines to relatively expensive technologies such as photovoltaics and emerging technologies
such as fuel cells. The capital cost of distributed generation technology plays a central role in the
success of a generation project as interest must be repaid on a loan throughout the financial life of the

scheme. If the interest and capital repayments are not covered by revenues then the project fails.

3.3.3.4 Generation operation and maintenance cost

In addition to the central role of capital costs to financial viability of a generation project, the ongoing
operation and maintenance costs of the generating plant also have a key part to play in the success of
the project. Some aspects of operation and maintenance are subject to a degree of uncertainty which
produces risks for the project. For example, fuel costs (if not part of a fixed price contract) may vary

substantially over the life of the project while maintenance costs can be volatile for fledgling
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technologies with no proven track record of reliability. The lost revenue costs of generation unit

down time can be as high if not higher than the actual costs of maintenance work.

Operation and maintenance costs are a central financial element for generation projects and a major
component of risk. The risk in operation and maintenance costs can be reallocated through fuel
purchase contracts, operation and maintenance agreements, plant guarantees and insurance. These

risk mitigating options all come at additional cost .

3.3.3.5 Generator life

Generator life has a clear and direct bearing on the financial attractiveness of a project as evaluated
using the financial and economic evaluation techniques outlined in section 3.3.3.9. These techniques
take, primarily, an ‘accounting life’ view of generation which is important for initial feasibility studies

and ongoing accounting processes.

The actual plant life of a generation unit also has consequences. The operating mode, location and
maintenance practices may all affect the plant life which has clear implications for the generation
owner but also for the distribution or supply company who may rely on the generating unit for other
services. For example, a distribution company may in the future rely on a distributed generator for
security for operational support or a supply company may become reliant on the benefits gained

through reduced energy purchase costs or system charges based on peak load, both of which are
influenced by contracted distributed generation.

Plant hife varies between different generation technologies. For example some compenents of gas
turbines (and the same could be true for fuels cells and other technologies) are not economically
replaceable when a particular condition level is reached. The life of newer technologies also presents

an unknown factor since little operational experience has been gained with these units.

3.3.3.6 Generator connection cost

Connection charges to cover the work and equipment required to connect a generating unit to the

distribution network are levied by the distribution company to whose network the connection is made.

The generator is liable for the full costs of the work, including any reinforcement made to the system
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at higher voltage levels, although there is some flexibility in the way in which the costs are calculated

and collected.

Normally, if the distribution company is likely to receive use of system income from a customer then
the connection cost will be reduced to reflect the fact that the connection will result in an income
stream over a number of future years. Generation is not liable for use of system charges for exports

(in most circumstances) so would not be eligible for this so-called ‘tariff support allowance’ or TSA.

The connection costs of distributed generation can be prohibitively high for small generation schemes
since each item of work and equipment is charged for including administrative and connection design
works (Scottish Power plc, 1997b). The major factor in the level of the connection costs tends to
relate to specific characteristics of the local network around the connection point. If, after analysis of
the connection, the generator appears to require upgrading of network capability then the costs of
these upgrades will be added to the costs of the equipment required simply make the connection to the
specified connection point 1n the network. Clearly if the generation scheme is distant from any

existing network then the costs of electric circuitry to make the connection to the network will be

large owing to the length of circuit required.

Section 3.3.7.4 deals with the 1ssue of connection costs from the distribution company perspective (i.e.

revenues).

3.3.3.7 Renewable potential

While the general economics of particular renewable generation technologies operating in a particnlar
mode may suggest the development of many projects based on the technology, the regional potential
for the technology will be highly influential in determining the actual numbers of generating units
installed. For example, while the current economics for wind generation are generally favourable in
the UK, wind generation projects are most often developed in rural areas. The regional potential for
renewable generation can work at a number of levels. The renewable potential in an area depends on
a complex interaction between the technically possible, the economically desirable and the socially
acceptable. For example, a very good physical location for the wind turbines may exist with high
average wind levels over the year but the combination of the economics of connecting the wind farm
to the electricity network and the social cost of disturbance of a culturally important area with visual
intrusion and noise (manifested in the local planning process. See section 3.3.2.3) may render the

wind generation scheme infeasible.
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3.3.3.8 CHP potential

In a similar manner to the arguments for renewable generation potential in section 3.3.3.7, the
potential of CHP within a region, or the country as a whole, depends on a complex interaction of
technical, economic and social aspects of generation projects. The main factors affecting CHP
potential include such issues as domestic, commercial and industrial units where CHP would be
advantageous, the ability and willingness of site owners to invest in on-site CHP generation and local
authority drive to develop municipal heating schemes based on CHP. In some areas the issues of
exhaust gas pollutants and noise may introduce a social factor while the economics of connecting to
the electricity network are less important than for renewables since customers considering CHP would

normally be connected to the power system with sufficient capacity to meet the on-site load.

CHP has been mainly developed at industrial, larger commercial and some public service sites. For

the moment, the economics of CHP indicate that CHP is most effective where there is an existing high

heat and power load density such as manufacturing and process factories, large office developments

and hospitals.

3.3.3.9 Generation rate of return

Several methods exist for evaluating and comparing the rate of return-from an investment in power
generation (and other projects of a similar nature). Chief among such methods and those which

include a time dynamic (discounting) approach to money are (Khatib, 1997):

e net present value (NPV)
e benefit to cost ratio

¢ internal rate of return (IRR)

.{

Discounting methods aim to provide a measure, in a base year (normally at the start if a project) of the
relative value of the project over its life. These methods include all costs and benefits likely to arise

from the project through its life.
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The net present value of one future year (year n) of an investment is calculated by discounting the net

benefit (benefit minus costs) in that year to the present (or base year) through the following formula
(Equation 3-1):

NPV = (B n_ Cn)
(1+r)
Equation 3-1
Where
NPV s the net present value
B, is the benefit from the investment in year n
Ca is the cost of the investment in year n
r is the interest (or discount) rate

n is the year in question.

The net present value (NPV) of a project is simply the sum of the net present value for each year in

the life of the project. The use of NPV enables projects with different life spans, costs and benefits to

be compared in the present by a single monetary value.

The benefit to cost ratio is similar to the net present value calculation but a ratio is taken between the
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