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Preface

The essay=f this dissertatin all cover topicsof electricity marketsrangingfrom electricity
market design, to more specific probleraf participants operating in the markiehsed
electricity marketWe will here give a brief outline of the essays of this dissertation.

The first introductory essgay@elected Topis on Early Electricity Market Design in
Norway@ gives a broad, but also detailed overview of market design issues in establishing the
marketbased Norwegian electricity market. This paper is anchored in myreadgrchwork

in the electricity market sectqgorior to and in the first years of the Norwegian market reform.

At the time the development of a marketsed electricity system represented a pioneer reform.

In our work, there was thus rather scant directly relelt@nature on electricity, calling for the

use of general economic theory and experiences from other markets. Basic challenges were also
related to identifyinghe mainfeatures and attributes of electricity, and their implications for
developing the m&et systemThe essayirst reviews the research project that laid important
foundations for the Norwegian market reform, addressing basic principles of the competitive
electricity market. Furtheit addresss early market design issue$ the main markesystem
building blocks covering daghead markets, hedging markets, ancillary services, and the
pricing of grid services.

The followingfour essaysre more narrow itheir choice otopic, andto a larger extent model
and analye specific problems facindifferent actors of the markethe central topic of essays
2-4is congestionThe essaysover methods for handling and pricing congestion, as well as the
implication of congestion for pricgevelopment and investment evaluatiBssay 5 reflects my

beghning interest in the twetage stochastic problems of the electricity market.

Essay 2 @Capacity Charges: A Price Adjustment Process for Managing Congestion in
Electricity Transmission Networksg takes the viewoint of the system operator and focuses

on a method for handling congestion in a capacitated networkhis paper we suggest a
procedure based on capacity charges for managing transmission constraints in electricity
networks. The system operator states nodal capacity charges for transmissioo praoket
clearing. Market clearing brings forth a single market price for electricity. For optimal capacity
charges the market equilibrium coincides with that of nodal pricing. Capacity charges are based
on technical distribution factors and estimatéshe shadow prices of network constraints.
Estimates can be based on market information from similar congss#tiations, or they can

be adjusted near the optimal values through an iterative process.



Essay 3dJnderstanding the Stochastics of Nodal Pces: Price Processes in a Constrained
Networkq takes the view point of market participants operating in the competitive market, and
seeks to establish a further understanding of the stochastic nodal [deb&erk congestion in
competitive electricity mkets may be managed by geographically differentiated nodal prices.
The stochastics of an unconstrained equilibrium price reflect the underlying fundamentals of
demand and supply. The stochastics of nodal prices in addition reflect the consequences of grid
congestion. This paper demonstrates how a static-tlo@e model may be combined wih
dynamic modelling of fundamental parameters, giving stochastic nodal price processes
consistent with the underlying grid. These price processes may be emplayadtistanding

and analysing production, hedging, and investment deciswitisin a capacitated network

systemunder uncertainty.

Essay 4 dnvestment Evaluation in a Constrained Electricity Network with Stochastic

Nodal Price Processds further elaborates orthe stochastics of nodal prices, aitd
implications for investment evaluationThe essay studieiow the interaction of the
competitive market and the capacitated netwaffects theevaluaton of investments in
production and grid capacity under uneérty. In doing so, we pinpoint several potential
pitfalls, and discuss principle issues in the use of system prices versus nodal hovwes
investments may affect future price processes, the mix of grid and production investments, and
the issue of exteslities. The issues are illustrated within a three node electricity market model,
which is combined with dynamic modelling of underlying fundamental parameters, giving

stochastic price processes consistent with the underlying grid.

Essay 5A Newsboy Modé Perspective on the Power Market: The Case of a Wind Power
Producerq focuses on the interaction between the-dagad market and the réahe market,

and discusses the optimal bidding and implications of a wind power produoedogs not

have the abity to predict with certainty his production, nor the ability to adjust production in
reattime. The paper discussé®w the problem may be interpreted within the classic newsboy
model. In a setting of a deghead and a retime market, the results indieathat the optimal

sales bid of the wind power producer might diverge from the expected production. This aspect
is alsofoundin the contextof market optimization, where the uncertainty of the wind power
production has direct implications for the optimalel of planned production byther

producers.

Vi
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ESSAY 1

Selected Topics on
Early Electricity Market Design
In Norway*

Linda Rud

Abstract

With the electricity market reform following the new Energy Act of June
1990, Norway became one of the pioneers of mdrkeed electricity
systems. Market reform called for the development of the basic competitive
framework,as well as the design of specific market systems. Being a pioneer,
experience on the subject was limited. This paper first reviews the research
project that laid important foundations for the Norwegian market reform,
addressing basic principles of the quetitive electricity market. Further we
address early market design issues in the main market system building blocks
covering dayahead markets, hedging markets, ancillary services, and the
pricing of grid services.

* This pape gives an overview of market design issues throughout the early years of the electricity
market reform in Norway, and is based on research projects | have been engaged in at SAF/SNF in
19881998. First and foremost | would like to thank my colleaguescaralithors in these projects
throughout the years, that is Einar Hope, Kurt Jgrnsten, Kjell Henry Knivsfla, Balbir Singh, and Sigve
Tjetta. In preparing this overview, comments from Petter Bjerksund, Mette Bjgrndal, @ystein Gjerde,

Einar Hope, Kurt Jgrnste and Kjell Henry Knivsfla are greatly appreciated. All errors are the sole
responsibility of the author.
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O Introduction

With the electricity market reorganization following the new Enefgy of June 1990,
Norway became one of the pioneers of mabested competitive electricity systems. Since
then several countries have followed. While the main principles of competition in the
electricity trade and regulation of grid activities apply to all markets, different market
structures and market designs haeen chosen in different countries. This paper follows the
establishment of the Norwegian electricity market, with a special focus on early issues in the
development of the main organized markets and pricing systems for electricity. As a pioneer
in the deelopment of markebased electricity systems, experience on the subject was
limited, with a limited base of knowledge to draw from. As such, early market design to a
large extent had to draw on general economic theory, and adapt, if possible, expé&oemces
other markets. Thenew Norwegian electricity market was constructed aan unbundled
market, i.e. sepaiayg the different functions in different pricing systeros markets This
exposition covers general market design, and the main building blodesrahead markets,
hedging markets, ancillary services, and pricing of grid services, and is basety
participation in research projects at SAF/SNF

The research projedmproving the Efficiency of the Norwegian Electricity Mar&étd by
professor Hiar Hope in 1988/89 constituted a central foundation for the Norwegian
electricity market reform. Chapter 1 gives an overview of background research leading to the
market reform, and of early research issues in establishing the initial framework of & marke
based electricityexchangen Norway. Our focus in chapters-2 is on early design issues

related to the main building blocks of organized exchange of electricity;
- the spot market for electricity
- organized hedging markst
- markets and systemsrfthe procurement of ancillary services
- and systems for allocating constrained grid capacity.

While theselsubmarket®all have their specialized functionscammon denominator of my

work on market design ishe acknowledgement of the interaction ad interdependency

! The research projects were carried out over the period from-1I9®® at Centre for Applied
Reseech (SAF) and Research in Economics and Business Administration (SNF). The projects have
partly been carried out alone, and partly in project teams, which over the different projects have
included Einar Hope, Kurt Jgrnsten, Kjell Henry Knivsfla, BalbirgBirand Sigve Tjatta.

Linda Rud Selected Topics on Early
Essays on Electricity Markets 3 Electricity Market Design in Norway
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betweerthese submarkets for the overall efficiency of the electricity market illustrated in
figure 1. Each chapter is concluded by a brief account of current design of these market

functions.

Spot
(Day-ahead)

Hedging
Markets

Figure 1 Electricity submarkets

Chapter Zocuses on the core markets for skterm allocation of power. As the Norwegian
electricity market already had a weltablished exchange for shtetm allocation of
interruptiblepower between producers, this market gave a flying start for the esiablis of

a general spot (daghead) market. To handle rdemhe imbalances, a new re@ne
Gegulationpoweld market was soon established. The main fdaouthis chapteris on the
efficiency of the chosen market microstructure in these markspeciallywith respect tahe
chosen auction forms and timing of markets, and their efficiency implications for each
market, as well as for the interaction between the spot markethanggulation power

market.

In a market where uncertainty is a prevalent featlnedging opportunities are important.
Power exchange prior to the reform was largely based onrtéwngbilateral contracts with a
large degree of political and centralized pricing. An early challenge of the reform was to
establish more efficient formd price hedging. Early issues in establishing a futures market

for electricity, and the interaction with the spot makketthe topis of chapter 3.

With an increasing focus in the mdneties on the value of reaime power capacity and
ancillary servies, attention was drawn to issues of the efficient and sufficient procurement of
reaktime capacity and ancillary services. The interpretatiosectirity andquality of supply

as a public good, and the implications of this for the procurement of anc#arices is the

Linda Rud Selected Topics on Early
Essays on Electricity Markets 4 Electricity Market Design in Norway
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topic of chapter 4. Here the interaction of the spot market and systems or markets for ancillary
services is again important.

Electricity is a bundled commodity of energy and transport. The importance of this is
reflected in the organizatn of the overall market structure as commented in chapter 1, but
has also important implications for the details of pricing network capaiigjuding
congestion pricing in the spot mark€hapter 5 reviews early research work on congestion

pricing andthe interaction of the spot (dahead) market and network flow.

Chapter 6 concludes this paper by commenting on the efficiency of the market after the

reform, and discussing areas for further improvement.

Linda Rud Selected Topics on Early
Essays on Electricity Markets 5 Electricity Market Design in Norway
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1 The Norwegian Electricity Market Reform

1.1 Badkground of Reform

At the turn to the 20 century the electricity industry represented a new technology. In
developing the vast amount of geographically dispersed frgdaurces in Norway, local
communities contributed to electrifying the nation. Gragualkctricity became a necessity

of modern life, and the sector became a mature industry. Market organization and exchange
patterns originating from the pioneer days of electricity gradually adapted to the changes of
modern society. In the laté 9 8,0hdnever, the concern was that the electricity market

should be more efficient. Time now seemed ripe to modernize the electricity market.

In the |l ate 19800s the philosophies of how
market were quite diverger@n one side the Norwegian Water Resources and Power Board
(NVE), a government directorate, had been advocating a plan of 20 regional vertically
integrated companieg, plan that wamanifested in a new law proposition. On the other side,
influenced by theinternational trend of deregulation and competition within previously
publidy driven and regulated sectdremerged the idea of the market as a tool for achieving
economic efficiency. In 1988 the Ministry of Finance and the Ministry ofa@d Energy

ordered a research project with the objective:

do analyze the possibility for increasing the efficiency of the existing Norwegian
electricity system by developing a markaesed exchange system, with economically
rational participants, and public regulatioprinciples and policies adapted to the
special technological and economic conditions of generation and power trade in a
hydro-based syste@?

The project was carried out by the research institution*$@enter for Applied Research) in
Bergen, with profess Einar Hope as the leader and main driving force of the project team.
Aside from the project premises to keep a focus on the ongoing operation of the market, and a
premise of no change as to ownershipe project team had free hands to create an zaekli
marketbased electricity system. Project focus was on the principles and economics of

marketbased power exchange. After an analysis of market inefficiencies of the current

2 Examples are the sectors of transportation and telecommunications.

® Translated into English from quote page 2 in Bjgrndalen, Hope, Tandberg and Tennbakk (1989).
* The research institute is now named SNResearch in Economics@Business Administration.
®85% of the Norwegian power sector was publicly owned at the time.

Linda Rud Selected Topics on Early
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market, an analytical and operational concept for a mdwkstd electricity stem was
developed with proposals for institutional, organizational, and regulatory measures to be
taken to implement the system. The project was documented in the main report Bjgrndalen,
Hope, Tandberg, and Tennbakk (1989arketbased Electricity Traden Norwayg and the
underlying thematic reports of Rud (1989a), Rud and Tjgtta (1989), Strandenes (1989),
Lommerud (1989), Vaage (1989), Berg (1989), Rud (1989b), Singh (1989), Amundsen
(1989), and Tandberg and Tennbakk (1989).

Subsequently, the former laproposition of 20 vertically integrated energy companies was
withdrawn. A new EnergyAct (Law of production, transmission, sale and distribution of
energy) was approved by the Norwegian Parliament in June 1990, and became operative from
January 1 1991. Fomul at ed as it i's in gener a-baseder ms,
competitive market is more explicitly given in the underlying proposition, Ot.prp. nr. 43
(198990). This proposition to a considerable extent built upon the market based concept and
the argumentation and proposals from the 8é&d¢earch group. The measures taken by the
government to implement the new system also were essentially in conformity with this basic
reasoning. With thisthe principle of a markdtased electricity system bewa firmly

established from an operational and regulatory point of view.

The purpose of this chapter is to give an overview the Norwegian market reform. Section 1.2
motivates the main underlying principles of competition in trade and regulation of wires,
principles which have proven a common denominator in organizing competitive electricity
markets throughout the world. The remainder of this chapter is dedicated to research
underlying the specifics of the Norwegian market reform. The former market stristure
depicted as a flow diagram in Figure 2. The figure shows the main trading patterns, where
traders in the wholesale market consisted of generators, distribution companies, and large
endusers. Retail was carried out by local distribution companies.ofiecti.3i 1.6 review

issues of perceived potential sources of market imperfections in this market, and summarize
the most important implicationfor market organization and policy measures. The reform
measures were to enforce paramount changes in thelyingenstitutional and operational
structures of the market that induced an inherently competitive and decentralized trade of
electricity. Section 1.7 reviews issues of building a new market infrastructure adapted to the
requirements of a competitive matk Section 1.8 discuss implications for market
participantson various levels of the markefhe exposition is partly based on the research

documents of the abowaentioned research project, and partly on the proceeding early

Linda Rud Selected Topics on Early
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research projects elaboragi on further issues discussed in the infant stage of the market

reform.
DISTRIBUTION AND FINAL
PRODUCERS MARKETS BULK CONSUMERS CONSUMERS
Distribution Households
companies
Municipal Commercial
and other Distribun sector
producers BIONED
companies with Agricultural
generation SR
Energy intensive Other
industry industries
State- E - -
owned Energy mtggswe
Statkraft lndustry_ Wit
generation

Figure2 Structure of the Norwegian power sector prior te kform

1.2 Basic Premises for a Competitive Electricity Market

A competitive market structure is first and foremost a tool for achieving economic efficiency
From basic economic theory, a perfgatompetitive market is an efficient mark&uch a
market is distinguished by several features: a homogeneous product, perfect information, a
market structure with a large number of small and-e@minating participnts on the supply

and demand side, and no barriers to new entry. Markets in this pure form, however, exist only
in theory. Potential market imperfections are those of market power and barriers to entry,
transaction costs, asymmetric information, publiodg) and externalities. The degree and
nature of market imperfections affect the efficiency of the market. In restructuring a market to
achieve better efficiency, the prevailing market imperfections also have important

implications for the potential of cgmetition and necessary measures to achieve this.

For electricity, some sources of market imperfections are inherent to the nature of electricity,
and imply general premises for organizing competitive electricity markets. Other market
imperfections are maet specific and may call for different measures tailored to the
underlying structure of the specific market. While the following sections deal with specifics
of the Norwegian market of following reforrme will here first discuss general issuedta

Linda Rud Selected Topics on Early
Essays on Electricity Markets 8 Electricity Market Design in Norway
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inherent nature of electricitywhich are of importance to the organization of all electricity

markets

Let us first review some basic features of the product. Electricity is supplied and consumed
continuously. In measuring the quantity of the product we rdiffieate between power and
energy. Power denotes the energy load at a given instant of time, and is measured in Watt
(W). Energy is the total energy load produced or used over a time period, and is measured in
Watt hours (Wh). In relation to this, theadable product electricity is conventionally quoted

in terms ofenergy(Wh) produced or consumed within a time period, for example arthour

The final delivered product is thus a given quantity of electricity to be supplied in a given
time period at a gen location. As electricity is essentially a rstorabl product, the
delivered product is essentially a bundled product of energy and transport. We will see that
this interdependence, combined with the fundamental properties of the cost functions of
electricity transportation, setimportant general premises for organizing markets for
electricity. Below we will first discuss basic characteristics and implications for the
organization of electricity transportation, before proceeding to the commoditsicEutrgy

and the potential for competitive trade in this product. The section is based on Bjgrndalen et
al. (1989), and Rud and Tjgtta (1989).

1.2.1 The Natural Monopoly Feature of Transportation

Electricity transportation comprises both transmissiod drstribution. The transmission
network basically covers the integgionally highetvoltage network, while the distribution
network mainly covers the intr@gionally lowervoltage networks The main distinction is
between network infrastructures thaindce several regions and networks that service only
one region. The general cost characteristics hosvever similar for transmission and

distribution:

® The product normally is quoted in energy. In principle pricing schemes may also include power load
related prices, as for example a former Norwegian pricing tahich charged higher prices for
energy when the load was above a certain level. In the following, however, we will follow the
convention of quoting electricity in terms of energy only.

" Note that 1 kWh = 1000 Wh, 1 MWh = 1000 kWh, 1 GWh = 1000 MWid, BTWh = 1000 GWh.

® It is not costefficient to store electricity on a large scale, though storage is usedssaiallas in
batteries.

° Note that this voltagbased definition is not accurate, but gives a broad picture of the distinction
between trammission and distribution. In considering specific lines, we might find transmission lines
of a medium voltage, or distribution lines with higher voltages. Also note that the Norwegian grid in
effect is divided into three different levels: the natwide gid (from one main area of the country to
another, normally 132, 300 or 420 kV), regional grids (from the main grid to the local distribution
grids in the area, normally 66 and 132 kV), and the local distribution grids (transport to the final
customer).

Linda Rud Selected Topics on Early
Essays on Electricity Markets 9 Electricity Market Design in Norway



SNF Report No. 10/09

- Variable costsaccount for a minor part of total transmission and distribution costs.
The main varible cost category is that of heat losses. The percentage heat loss is

lower in highvoltage lines than in lowoltage lines.

- Fixed costsaccount for the greater part of transmission and distribution costs, and are
mainly associated with investments in gamssion and distribution lines. Periodical
variations over the day and over the year imply that the network has to be dimensioned
to meet normal peak demarittlmay also becostefficient to dimension capacity in
relation tofuture expectedincreases in emand. Also note that the cost per unit
transported is lower when building (and using) higher capacity lines, than when
building the equivalent capacity in several lower capacity lines.

In short, the cost functions of transmission and distribution implyahorizontal integration

of such activities is cosdfficient, as the cost functions exhibit economies of scale. The
conclusion is that transmissiand distribution are natural monopolies for the areas they
cover®. From a market perspective this me#mst competition is unsuitable in the supply of
transmission and distributibh This means that to achieve cesficiency, a single company
should provide transportation in the area for which the characteristics of natural monopoly
apply. This implies aisgle nationwide transmission company, and several regiamal/or

local distribution companiés$.

The market imperfection of natural monopoly in transmission and distribution has crucial
implications for network organization and control. This is impdrfan several reasons: All
participants that produce or consume the-simmable product electricity depend on access to
the network, and are at tldmercydof the local grid to which they are connected. A mixture of
competitive and natural monopoly actigs in a companyurthermore represents potential
means of exercising market power, either by direct exclusion of competitors, or more subtly

and less transparenby e.g. stating high transport tariffs combined with internal eross

9 See Rud and Tjgtta (1989) for a general discussion on this issue.

1 A subadditive cost function implies that it is ceafficient for one production entity to supply the
commodity, i.e. that a horizontal integration of the activities is-efigtient. Ghe company can
produce the commodity cheaper than two or more. In general, the implication for a monopoly
organization rather than a market organization is, however, not straightforward. First, to induce cost
efficiency in a monopoly, regulation is in geakerequired. Also note that, for example, for mild
degrees of subdditivity, the benefit of potentially lower costs may be outweighed by the efficiency
gains of competition. In relation to the technology of electricity transport, however, the conolusion
natural monopoly and inefficiency of competition, however, seems quite clear.

2 The actual extension and demarcation of the natural monopoly of transmission networks versus
regional networks and versus local networks is, however, a matter of discussialiscussed in
Bjgrndal, Hope and Husum (1994).
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subsidies of activies. Also note that by holding a monopoly in the supply of transport
services, the transmission or distribution company has no inherent incentives for cost
minimization and efficiency. For these reasons public regulation of natural monopolies

activities b required.

1.2.2 Competition in Energy Trade

An important premise for a liquid and efficient competitive commodity market is that the
traded product is sufficiently homogeneous, so that it is possible to define standardized units
or contracts for tradm A fundamental question is whether this applies to electricity. The
final delivered product is a quantity of electricity delivered in a given time period, at a given
location. By this definition, this final product may in fact be characterized as hetemgs as

it is differentiated by several quality attributes, such as e.g. the probability distribution of
interruptions, and variations in voltage. It is now necessary to distinguish between transport
and energy. The mentioned quality attributes are dinst foremost attributes of the transport

part of the bundled good, i.e. of network configuration, management, mainteegnaees we

saw above, this part of the bundled good cannot be made competitive.

In considering competition in electricity, we muististurn to the issue of competition the
tradingof the pure energy part, i.e. energy supplied within a given time period. Several basic
characteristics of the underlying technologies for supplying thisqgbatte goodstrengthen

the notion of electdity as a homogeneous product: There is no direct and identifiable
connection between the physical electricity bought and sold on a contract. It is not possible to
steer the electricity in the grid to selected buyers, as the flow follows from physicanaws

the overall monitoring of system balance. The amount of electricity on the grid at any time
may be characterized as a pool of homogeneous energy. This implies that the energy part of
the bundled good is highly homogeneoliss still possible to vefy and settle the energy
accounts of the individual participants, as the quantity of input to or output from the grid may

be measured at each connection point.

The next question is whether the economic characteristics of the production of energy
fundamentlly support competition. We note that there are high fixed costs related to
investments in generation capacity. A large part of variable costeedfieel costs. For hydro

power fuel costs virtually are the alternative cost of Watéost structures ankvels in

3 The alternative cost of water is the foregone incomadfle r pr oduct iwant, e ra nvda li use 6
Thisisbasedonéth r easoni ng o fA kWlvie staragegsho(ld jas6 & withheld, if its
value at the moment is exactly the same as the v
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general vary for different technologies. Costs and effectiveness also differ as to meeting base
load versusneetingpeak load demand, and as to the supply of ancillary services. For some
technologies there are also stejse costs connected tomging and unit commitment
requirements. Observing the nature of production cost functions, Rud and Tjgtta (1989) argue
on a more general basis that the average cost functions normally rise near full capacity, and
that the optimal size of generation plantgmally is greatly lower than market size, calling

for several generators to serve the market. For hydro generation plants, this especially is the
case, as plant size is dimensioned by nagiven hydrological features. For hydropower
systems though, imust be noted that there may be externalities within limited hydrological
domains, an externality which in principle may be handled by contracts or horizontal
integration. To conclude, however, with the requirement of a large number of producers to

serve anarket,thebasic potential for competitiotid prevalil.

1.3 Handling the Natural Monopolies of Transmission and Distribution

in a Competitive Norwegian Electricity Market
We now turn to the Norwegian Market. At the time of the reform the transmisstaronk
was mostly owned by production companies, and -stateed Statkraft owned nearly 85%.
All transmission lines werdowever leased to the Norwegian Power Pool (Samkjgringen av
kraftverkene i Norge), which operated the transmission grid and admeaigtes central grid
settlemenit’. Regional transmission/distribution and locastdbution was carried out by
regionaland localdistribution companies that were publicly (often municipally) owned. The
local distribution companies normally integrated thactions of distribution transport and of
retail power trading. Thetrading function consisted of wholesale power purchases on one
side and retail sales on the other. The transport function included e.g. installation,
maintenance, investments, meteritegshnicalandeconomic managemeat the network etc.
Some distribution companies also had their own production plants as well. An important pre
reform structural feature was moreover the fact that the distribution companies had a

manifested institutiodlanonopoly right and obligation to supply their distribution area.

Following the conclusions of natural monopoly in transmission and distribution, the SAF
research group recommended several measures. Firstly, competitive and natural monopoly
activities wee to be separated. On the transmission Jethed recommendation was to

establish an independent national grid company. Secondly, a regulatory regime had to be

* In addition the Norwegian Power Pool operated the occasional power market, which was a short
term market for power. See section 1.5.1.
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established to ensure access to the network ordiscnminatory terms, and give incentives

for costminimization and an economically efficient pricing of network facilities.

The main principles are illustrated in figures 3 and 4. Figure 3 illustrates the underlying grid.
In a marketbased systeptransmission, as an inherently a national naten@hopoly, should

be organized in a national grid company. As local natural monopolies, the distriantion
transmissioractivitieson the regional and local levelsere to be organized in regioraid

local grid companies. All companies are to be regudab ensure efficiency anid enforce
common carriage. The important implication of these measure® isreatea viable
environment for competition in trade, where trading patterns are independent of the
underlying physics of the grid. This is illustrdten figure 4 which indicates that producers
and consumers havihe freedom of choosing their trading partners, irrespective of the

underlying physics of the network.

Transmission: Distribution:
- natural monopoly - natural local monopoly
- regulated national - regulated regional and
grid company local companies
/NG
e Y

Producer

Consumer
Consumer

Consumer
Consumer
Consumer

Producer

Producer

Producer

Large
consumer

Producer

Large
consumer

Figure 3 Marketstructure: Regulatedhatural monoply networks

These recommendations were followed up in the Enekgy of June 199¢. In the
underlying proposition of the new Enerd\ct, energy transmission and distribution were
acknowledged as natural monopolies. The principle of common carriage was laid down for all
Norwegian networks. This was obtained through the mesimam the law of giving out so
called area concessions to grid ownersI84To be granted a concession, the law specifies

!> An overview and discussion of the main sections of the new Energy Law is given in Rud (1990c).
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several types of conditions that may be set, including conditions that in principle grant the
basis for regulating the sector. Inaptice the Norwegian Water Resources and Power Board

regulates and administers the concessions. An important condition is the obligation of the

concessionaire to connect to the grid and deliver power to the area, and not block deliveries

from other partie through the grid. Other conditions may be relatedthi® internal
organization of companiethe principles and levels of transport tariffs, and the obligation to
submit required informatiorit should here be noted that already from the start, custamers

all levels were given the ability to choose their suppliers freely, with no requirements for

small customers as to specific electric meters.
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Figure 4: Competitivgpower markets
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For transmission, the former system with central cooperation and arrangements for

transmission represented an excellent starting point. The national transmission company was

established by splitting the former Statkraft into two companies: Statkraft SF, which became a

pure generating company and Statnett SF (The Norwegian Power Grida@pff, which

became the national grid company. For distribution, the principle of common carriage was

laid down, and trading and transport functions were to be separated. Rather than a full

'® SF means state undertaking or company and indicates a special legal business entity. A SF is wholly

stateo wn e d

wi t h
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principle, act independently.
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separation with legally distinct trading and distribution comgsna less rigid measure was
implemented mainly with requirements ofn internal divsionalization of the companies

combined withrequirements oflearly defined and separated accounts.

1.4 Conditions of Market Power in the Norwegian Market and

Implications for Market Structure
Market power on the supply or demand side may in gernevwadr the efficiency ofthe
market. This imperfection may follow from underlying factors determining the participant
structure, or from institutionally imposed measures. uffiothe current market structure
displayed a large number of suppliers and traders, several measures were necessary to

promote a competitive market structure in Norway

1.4.1 Market Structure of Energy Generation

For electricity supplythe Norwegian eledtity system is almost exclusively based on hydro
power generation. Power production in 1991 was 111 TWh, which was equal to the average
production capacity of the system, though the difference in power production between a wet
and a dry year could be the range of 33 TWh. The reservoir capacity was around 80 TWh,
and does to some extent provide a buffer against annual and seasonal variations. The

maximum generating momentary capacity amounteabtout27.5 GW in 1992.

The number of producers prior toet reform was quite large, with approximately 70 (mostly
publicly owned) production/wholesale companies, though where 33 companies owned
approximately 96% of the production capatityCompared to the supply side structure of
many other countries, and othieidustries as well, the Norwegian electricity market was

characterized by a large number of participants, making a good startinfop@iompetition

A issue of concern, however, was the dominating role of the-etated Statkraft which
supplied near30% of total power production in Norway, owned more than 80% of the
transmission grid, organized grid investments, tiadexclusive right of foreign trade, and

was the largest participant in the occasional power market. The company had also a relatively
strong political position and was used by the government as an instrument for implementing
parts of social and industrial policies through e.g. subsidized electricity pficesdouble

role of Statkraft as a transporter and a producer was resolved lplithiegsof the company

7 In addition, several distribution companies had their own production, and there were 94 industry
owned and 21 farmeswned production facilities generating power, though mostly for own use.
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into Statnett SF and Statkraft SF. The administration of foreign exchange followed Statnett

SF, which was to be an independent-poofit national grid company (see section 1.7.2).

The overall general conclusion was that marketceatration on the supply side was
acceptable, even given the relatively strong position of Statkraft SF. However, the provision
of adequate competition policies and market surveillance was deemed an important part of the
infrastructure of the markdtasedelectricity marketto control and inhibit market power and
antircompetitive collaboration. A new regulatory regime was established, with considerably
greater emphasis on economic regulation and competition policy issues. The main regulatory
body, the Nornegian Water Resources and Power Board, alssto cooperate in matters
related to market structure and competition policy with the Norwegian Price Directorate, the
(at the time) government directorate for competition policy. To promote contestable
compettion, entry barriers should be at the minimum (though technically secure) level, thus

opening for new participants.

A further issue was the existence of a large number of vertically integrated companies, where
power producers supplied their own distribatitrading companies. This implied that the
internal parties to thee transactions were not directly exposed the maiked, thus would
makeinternal crosssubsidizationpossible As such thevertically integrated structures were
considered a hindrancerfthe development of a liquid and efficient power market. Through
the new energy law it was instituted that vertically integrated companies had to split the
organization into a production division and a distribution trading division, with a stated

intention that the divisions were to operate as independent entities in the markets.

1.4.2 Market Structure of Wholesale Demand and Retail Market Supply

Market power on the demand side can also be a potential threat to a competitive market. The
demand side of th Norwegian wholesale market consisted of large power intensive
customers, and of traders that represented retailseids.The power intensive industry was
supplied on special state contracts, and was as such not part of the market reform. The
remainingdemand was supplied by the traders of the market, mostly distribution companies.
In the market the traders thus played a-sited role, as demand in the wholesale market, and

as suppliers in the retail market. In the Norwegian system prior to the retoenretail

trading function was in its entirety carried out by distribution companies. As such the number
of traders was large, with as much as about 230 (mostly publicly owned) distribution
companies. Sizebhoweverranged from the smallest with 1200 consumers with an annual

consumption of 31 GWh, to the largest company serving 280,000 consuwmignsa 7000
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GWh consumption As such this larga number of trading companies also represented a fine
starting point for a competitive markétn issue of cocern was however the strong vertical

ties between production and distribution companies either through ownership derong
contractual arrangements, and where approximately 75% of total electricity demand from the

household and commercial sector wasared by vertically integrated companies.

In the prereform system, however, competition was barred in the retail market by the
institutionalized monopoly of supply which gave the distribution company the right (and
obligation) to supply customers in tlregional area of their distribution network. The
abolishment of this institutional regional monopoly of sales was therefore an important reform
measure. Combined with the new principle of lgcriminatory access to the grid, this
provided the basic foutations for future competition in the retail market. Other important
measures were the abewwntioned functional disintegration of vertically integrated
companies into separate production and distribution trading divisions. Entry barriers for new
traderswere also lowered. In order to trade power, a trading concession issued by the
Norwegian Water Resources and Power Board was needed, while there was free entry for
pure brokers. This led to a rapid entry of brokers and traders into the market, wheng alread
after a few years a considerable number of new agents had entered the market in the form of
independent brokers and trad&rst should also be noted that an importexpecteceffect of
increased competition in the retail market was an expected impeoweémthe representation

of underlying demand in the marketvhere formerly the notion of serving an aggregate and

rather price insensitive demand, had prevailed.

1.5 Transaction Costs and the Efficiency of Power Trade

The power markets are the core afcompetitive market. A major issue of the research
underlying the market reform was to analyze the efficiency of existing rules and practices of
trading and to consider alternative market designs for improved efficiency. The market
structure prior to tb reform was illustrated in figure 2. Below we will describe the former
organization, and review the main efficiency problems and suggested measures on a
wholesale and retail level. Some comments are also given on the issue of foreign exchange.
This sectio is based on Bjgrndalen et al. (1989), Rud (1989b), and Hope, Rud and Singh
(1993a).

8 See Rud (1996) for a discussion of the role of traders and brokers in the electricity market.
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151

Domestic Wholesale Market

The participants in the pmeform domestic wholesale power market were producers,

distribution companies that represented general copson, and large energy intensive

industries. About 90% of the domestic wholesale trading was conducted byetang

bilateral contracts, while the remaining 10% was exchanged on atshmororganized market

i the occasional power market

Bilateral forward contracts: The bilaterally traded forward contracts were, by
institutional decreefirm power contractainder which the seller had an obligation of

full security of delivery. Firm power also had priority in the network. Near 40 % of the
firm power coiracts were contracts with the sta@ned Statkraft with contract prices

and terms determined by the Norwegian Parliament, the Storting, and had highly
subsidized prices towards the power intensive industry. The contracts were fairly long
term, from 5 yees for the latest general consumption contracts, to 50 years for the
oldest power intensive industry contrdftsThe contracts could not be resold, and
there were stringent restrictions on reselling péwefurthermore, of the remaining
60% of firm power poduction, a large part was not exchanged in the market, but
produced for own use by vertically integrated power companies and large industries.
The Statkraft contract terms typically served as a norm for these contract terms, and
thereby influenced a verlarge part of the wholesale market and substantiated the

degree of administratively and politically based pricing in the market.

The occasional power markeT’he exchange on the organized occasional power
exchange covered 10 % of domestic wholesale tréde. market was administered

and operated by the Norwegian Power Pool (Samkjgringen av kraftverkene i Norge), a
power exchange body and national clearing house established iff.19is market

had developed in response to the need for balancing oveeatjyesupply and demand

in the system. In principle the spot market was a device for shuffling water in the
hydro-power system from producers with excess supply to producers with undersupply
in relation to their contracts. By institutional rules these tsteom contracts had a

lower security of delivery, and had priority in production and network #fefirm

19| n

Nor wegian: OTilfeldigkraftmarkedet 6.

?° The contract period had however gradually been reduced over the last few years in response to
changing market conditiorsd preferences.

L An overview of Statkraft firm power contract terms is given in Rud (1989b).

2 The Norwegian Power Pool also operated the main grid in Norway and administered the Central
Grid Settlement.
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power contract deliveriesMarket participation was restricted to producers with a
minimum production capacity of 100 GWh, and Statkraft was ireigérihe largest
trader. The exchange operated on mabested equilibrium prices. Once a week the
participants quoted supply and demand curves (a vector ofquarity offers and
bids) for delivery in the stated time periods of the following week.i@rbasis of this
information the Norwegian Power Pool derived aggregate supply and demand
schedules, and a markaearing equilibrium price was determined at the intersection

of the supply and demand for each defined time period of the coming week.

An important reason for the high share of firm power in the system was that the companies
were under a regulatory obligation to cover themselves up witht&yngcontracts to secure

a satisfactory degree of security of supply in the system. This institusiatiafi of using firm

power contracts as the main trading form may partly be interpreted as the way the system had
chosen to deal with the inherent uncertainty in the market: On one hand, the firm power
contracts offered price hedging through their fixeditcact prices. On the other hand the
distinction between firm power and occasional power segregated the market into one part
with a high degree of supply certainty, and a second part that absorbed the greater part of
quantity uncertainty. From this point giew, it may be asserted that this 90% firm power
share also reflected the dimensioning of the Norwegian power system with respect to the
chosen level of supply with a high security of energy supply. As such this segregation might
also be interpreted a means of handling the perceived low degree of flexibility on the
demand side; though it may be argued that the low flexibility of the demand side in part
actually was a side effect of the former organization of the market system. With these
rigidities of the supply and demand side, the occasional power market played an important

role in providing flexibility in the market.

From an efficiency and market point of view, the analyses of these market arrangements of

wholesale power trade revealed severaése sources of inefficiency:

- Political interference:From a market point of view, the large degree of political
interference in trade represented an important source of inefficiency. In a competitive
market, prices, quantities, and contract terms arelddc¢hrough decentralized market
transactions, where rational participants weigh marginal benefits up against marginal
costs. This makes the transition away from politically dictated contract terms a
fundamental step for achieving an efficient and competimarket. Here it was

important to promote a widespread understanding of what afuveltioning market
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can achieve, and equally important what the market cannot achieve: A competitive
market is a tool to achieve economic efficierayd is not suitabléor other objectives
as e.g. subsidizing geographical areas or groups of peoptedustries Moreover,
market interference to achieve other goals may impair efficiency. To this end, other
supplementary economic and political tools that minimally distioet market are

required.

- High transaction costs:The bilateral organization of forward trading, and the
institutionalized requirement of firm power contracts was held to be the other major
source of inefficiency. The inefficiencies may be summarized as tnansaction
cost$®, information problems and low degrees of transparency, severe rigidness in
seconéhand trading, the absence of markesed pricing, and in a sense a
compulsory level of hedging due to the firm power requirement. Renegotiating
contracs in such a system was cumbersome and costly, also making the greater part of
the electricity market extremely inflexible. Another aspect was that the system to a
large extent reflected a productionented pricing, while consumer valuation of

electricityand potential flexibility verepoorly represented in the pricing process.

To develop a more liquid and thus more efficient market for price hedging, the main proposal
was to establish a futures marketith standardized contracts, secdmahd trading, rad open
admittance. Futures markets in principal offer market participants flexibility and liquidity
allowing them to establish positions and close them with ease. Although the futures contract
might not be a perfect match to the underlying physical iposithe futures contract is an
important risksharing instrument if the futures price is correlated to the price of the physical
position. By collecting and disseminating information via market prices, futures prices also
constitute an important sourceinformation. For these reasons the establishment of a futures
market in electricity was considered an essential element of the reorganized electricity sector
in Norway. Details as to the first stages in establishing a futures market for electricity are
treated in chapter 3. Note, however, that unlike for examplenttial English marketjn
Norway, bilaterally negotiated contracts were to live side by side with wadie organized

spot market, which as such was to be amamdatory power exchange.

23 Transaction costs on one hand refer to thectlicests occurred in trading. For trade by bilateral
contracts this refers to for example costs of collecting information, negotiating and setting up
contracts. From a market point of view there are, however, also implicit costs, as larger transaction
cossk imply a larger efficiency loss relative to a frictionless market.
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The spot market is in many ways the core of an efficient commodity market, and a
prerequisite for a wellunctioning futures market. Here, the occasional power market, which
was founded on markétased principles, represented an early and innovative market
arrangement for a sector like electricity, and provided a promising starting point. This market
had also given a large group of actors, the producers, a familiarity with principles of-market
based exchange. Problems of the current system were mainly rédatde restricted
admittance to the market, where only power producers that fulfilled their firm power
requirements were allowed. The main proposal was thus a further development of the
occasional power market into an efficigapot market, with an ope admittance, though on
necessary nediscriminatory technical and economic terms to traders on all levels. This was

also expected to contribute to a better representation of demand in the market.

Though the aspect was not explicitly analyzed, the-rgi@m research project also
acknowledged the necessity of efficiently dealing with system requirements, including
systems for momentary balancing of production and consumption. In implementing the
reform, the regulation power market was established. Thiseiglévice used for shetrm
reattime adjustments by the entity that is responsible for the shartoperational co
ordination of production and transportation in the electricity system. As such it is primarily a
market for the supply of active produanti capacity on short notice to secure the operation of
the system. To handle any further needs for instantaneous regulation, e.g. because of sudden
failures in the system, Statnett was also given the right to intervene directly and call on
producers to sypy the necessary production capacity, or regulate it down, as the case might
be’”.

To sum up,the market set of the wholesale electricity market was to consisewaéral

separate formal and informal markets that supported different market functions:
- an oganized spot (daghead) market for shetrermphysicalallocation;
- anorganized redime regulation power market for shartice balancing capacity;

- an organized market for forward contracts, preferabfjanized as futures market,

to provide instrurants for price hedging and risk management;

4 Some years later further elaborated and more detailed arrangements were to be made for ancillary
services. Chapters 2 and 4 discuss some specific issues of research in these areal @¥spibes

and addresses early issues of the market microstructure for the regulation power market. Chapter 4
addresses further aspects of ancillary services as to valuation and principles of dimensioning, and
issues related to the coupling of a cdngtaveillance and control role with the decentralized roles in

the supply of such capacity.
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- and an informal market of bilaterally negotiated contracts serving purposes of
tailored needs.

In addition, following the constrained capacity of the network, coordination of power delivery

and network operatiorwlls for an interface of congestion pricing and power markets.

Market design and microstructure is important for the resulting liquidity and efficiency of
organized markets. Descriptions and research topics on the specifics of market design in these

submarkets are covered in chapters®

1.5.2 Retail Market

Above we have pointed to several measures that all have implications for promoting
efficiency and competition in the retail market. The measures of common carriage and the
abolishment of the insitutional monopoly of distribution companies both promote
competition, as consumers now were able to choose their suppliers. An open and more liquid
wholesale power market provides markasedand transparergrices and larger flexibility in
procuring eletricity to sell in the retail market. The drive for efficiency was further expected

to be strengthened by the transition to more economically rational participants in the process
of adapting to a competitive environment. As such this is in high contrést former highly
politically influenced distribution companies with political objectives, and politically set retall

prices.

1.5.3 Foreign Trade

The former export market was in principle organized as a bilateral market, mahahyigis
Sweden and Denank. On the Norwegian side Statkraft was given an exclusive right to buy
and sell power, howevgrestricted to terms of occasional power. The capacity of exchange
was then in the range of 15 TWh, equivalentatmut15 % of total domestic production
capady. In the bilateral trading transactions Statkraft met the Swedishastated Vattenfall

as the sole buyer or seller, in other words a virtual bilateral monopoly market. Power
exchange with Sweden was priced at the-pride between the Norwegian ocaasl power
market price, and the relevant mesrder shodrun marginal cost scheduled for the Swedish
system. Visavis Denmark the Norwegian import price was set to 110%hefestimated
increase in Danish fuel costs, while the export price was sé&i%o0of reduced Danish fuel

costs.

Alternative organization of foreign trade was not an explicit issue of theefoen research

project, which only discussed the foreign trade bilateral monopoly in a principle manner.
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However, Bjgrndalen et a1989, p. 9) argued that clear efficiency gains probably would be
possible through a tighter integrated market based on a common Scandinavian solution. Here
we will only briefly outline some main lines of development. The description of the initial

postreform orgaization of foreign trade is from Hope, Rud and Singh (1993a).

The market reform did bringomechanges in foreign trade, opening trade for new players.

State control with trade was retained by a provision in the Energy Law that stated that only

the state rmy export or import electricity without a concession to do so. Statnett SF was
initially granted the sole concession to organize and administer the foreign powét. ttade

was emphasized that Statnettos r esspodatiani bi | it
and coordination functionsand that the company should act neutrally with respect to
contracts and agreements for foreign trade. For political reasons, the Norwegian government
had been very restrictive as to opening up for itargh contract$or foreign power exchange.

In the early 199006s, however, t hterm gootra@ r N me n
power exchange. The foreign power exchange was until January 1996 organized in the

following markets:

- Shortterm foreign power markeffhis market covered trade for a period up to half a
year . The market was administered by Sta
Utland. Demand and supply from abroad took the form of gju@ntity combinations
which were fed into the domesticorgam e d s pot mar kets via St
division.

- Longterm concessiofree quota market: The government opened up for a
concessioffree quota market for power export contracts of up to five years duration
within a total quota of 5 TWh annually. Tieewere detailed provisions as to quota
limits, the allocation of quotas to market participants, and as to the level of trade with
different countries. Contract negotiations on the export contracts took place directly
between buyers and sellers. On the Wegian side the producers organized
themselves in larger groups to operate in this market. All trade in quotas took place
over the clearing house for trade in quotas administered by Statnett, and all

negotiations were to be reported to Statnett.

5 An exception was made for the Norwegiaanish power exchange agreements on the equal current
cable between Norway and Denmark, where Statkraft SF retainedspensibilities and rights
according to those agreements until they were to expire in 1997.

Linda Rud Selected Topics on Early
Essays on Electricity Markets 23 Electricity Market Design in Norway



SNF Report No. 10/09

- Longterm concessionregulated contract marketTo make room for contracts
grounded on the benefits of international trade in power the government also opened
up for negotiations on other losigrm contracts. This was for example related to
investment proposals faubsea cables which offered new possibilities in reducing
Norwegian dependence on existing connections. Another important example would be
contracts founded on differences in production properties and technological
characteristics in different producti@ystems, e.g. by utilizing the shoun active
capacity properties of a hydimased power production systemexport in peak load
periods and buy back base load during-load periods to fill up water reservoirs

again.

- Imports: There were in principl@o limitations with respect to volumes and duration
of pure import contracts. However, the transportation and grid consequences of such

contracts had to be cleared with Statnett.

This opening of foreign trade based on market negotiated contracts represemell, but

clear step away from the political restrictiveness of foreign trade. Though founded on market
based arrangements, this first organization represented a quite detailed and complicated
organization, with a relatively high degree of politicahtrol reflected in quota terms and the
concession system. From a market point of view, important questions also concerned whether

it in fact was possible to administer such market arrangements in a completely neutral way.

1.6 Other Issues of Market Impeafections

The aboveamentioned potential market imperfectioiis natural monopoly of transport,
transaction costs, and market power issSu@s many ways represented the most important
factors for determining measures to implement the reform of the Norwedgatricity
market. To some degree the issues of asymmetric information, public goods, and externalities
also have implications for market organization, but were to some extent connected to issues of
refining of the markebased electricity system. We pide a short discussion here pointing to

some topics with implications for later developments in market design.

1.6.1 Asymmetric Information in the Electricity Market

An efficient market is characterized by transparent and symmetric information. The high
degree of bilateral contracts in the former system contributed to low transparency in the
market, though the publicly open Statkraft contracts conveyed the information contained in

politically determined contracts terms. The formal occasional power mdskesignaled the
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value of shorterm power. In this respect market reform measures for establishing and
promotinganopen and liquid futures market, as well as promoting competition in general, are

measures that also increase transparency and informa&gmandnation in the market.

In general asymmetric information may constitute a major market imperfection. For the
hydro power electricity market, the availability of the main resource, water, is important for
future price development. Issues of asymmaeitiformation are here especially related to
whether any participants have superior marké&tvant private information. In this respect
concern was especially raised as to information on reservoir levels, a type of information
which in principle is privateRequirements of reporting reservoir levels were later introduced,
and aggregate reservoir levels became publicized on a regular basis. A further potential issue
of asymmetric information is that of bottlenecks in the grid, an issue that was to be lmamdled

a nondiscriminatory basis with the establishment of a national grid company.

1.6.2 Public Good Issues

The qualityand securityof delivery in the grid may in many respects be characterized as a
public good. In the preeform research on the Norwegigower market, the supply of
ancillary services wasiowever not recognized as a major issue or problem. It was assumed
that arrangements would be made (or continued) to the coordinate the, syslemmmaintain

the quality of delivery and momentary date of the grid. As such, the regulation power
market was soon established after the reform, while detailed arrangements for other ancillary
services were to follow some years |&teCompared to the development in other countries,
the Norwegian developmein many ways represented a more stége approach towards

more elaborated mechanisms and contracts for ancillary services. The development may be
interpreted in many ways. Partly, it reflected a confidence that the long traditions and
arrangements in andling these issues would be continued, also mirroring the prevailing
corporate culture of a strong technological orientation and devotion for the working of the
system. Partly, the underlying hydro power technology, combined with a current over
capacityof hydro-power generation capacity, also displayed relatively low ancillary service
costs compared with other underlying technologies. The later increased focus on the
remuneration of ancillary services in the mnitheties, might likewise be interpretedredlect

the higher value of ancillary services in a more integrated market.

 See chapter 4.
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1.6.3 Issues of Externalities in the Electricity Market

In principle several externalities may be identified in the electricity sector. A fundamental
issue is that of environmtal impact. For hydropower, this is especially related to landscape
protection. This issue has traditionally been taken care of through a concessionary system for

investments in generation plants and grid investments.

A further issue is the externaliti@s the grid. A given power flow in transmission may affect
congestion in other parts of the net, a feature that has implications foiteshoras well as
long-term power scheduling. Implications of this source of externality represent research
topics thatwere focused on later in the fiutening of the market system, and will be
commented upon in chapter 5 which focuses on the pricing of network capacity.

1.7 New Market Infrastructure: Regulatory Regime, Market Institutions,

and Organized Market Places
The above measures provide the main framework under which the new competitive market
based electricity system was to arise. To achieve an efficiently working market, further
challenges lay in instituting and designing an appropriate new market infrasructur
Important challenges in establishing a new infrastructure were i) to devise and implement a
new regulatory regime, ii) to establish and organize central market institutions, and iii) to
implement and design the organized markets for electricity. Ins#ggon, we will briefly
comment upon these issues. Topics related to the design of organized markets will be treated
in moredetail in chapters 2. The exposition of this section is mainly based on Hope, Rud
and Singh (1993a) and Rud (1990c).

1.7.1 Regqulation and Competition Policy

As a consequence of the transition to a malesied system, an accommodation of regulatory
principles and rules was necessary to make the system function efficiently. The general trend
of the policy change was to put relaiy less emphasis on issues like e.g. system
dimensioning and regulationggarding for exampleontract coverage of producers and
distributors. Now more emphasis was put on, on one side market structure issues, competition
and market behavior, and on tlmher hand, the regulation of actors handling natural

monopoly functions.

On the institutional level, the traditional regulatory agency, the Norwegian Water Resources

and Power Board, continued as the main regulatory board of the power market, though with
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new regulatory challenges. The new regulatory focus on the competitive climate of the market
was also signified by the fact that the Price Directorate (now the Norwegian Competition

Authority) was given an active role to play in the formation and enfonceaiea competition

policy for the electricity industry together with the Norwegian Water Resources and Power

Board.

Without going into details of the new regulatory design, let us will simply illustrate it by
referring to some of the early initiatives &k by the regulatory authorities under the new
regime. As noted in Hope, Rud and Singh (1993a), these included for exampik;on new
methodologies and measures for promoting efficiency and appropriate incentives in the
distribution sector; measuresnd conditions of area concession regulation to secure common
carriage and transparency of tariffs; measures to divisionalize vertically integrated
companies; accounting measures for distinguishing between natural monopoly activities and
competitive atvities in distribution companies: requirements of distribution trading
companies to publish their tariffs to secure transparency and market information;
intervention in cases where distribution companies tried to lock in their customers for
example g conditions which were deemed aotimpetitive from a competition policy point

of view; - intervention in cases of alleged collusion among market participants to maintain
prices or cooperate with respect to contract conditieasid special attention wagven to

Statkraft SF as a potential dominant player in the power markets.

1.7.2 Market Institutions for Power Exchange and Grid Operation

In the proposed electricity trading and transport system thereseveral central functions
which neeédto be oganized and handled on an aggregate market level. These functions
related to the organization of markets and to the organization of transportation. The main

central functions may be categorized as:

- Spot power exchang@ market place for spot power conttatas to be organized.
The main objective of the exchange is to provide an efficient, trustworthy and neutral
market place.

- Futures market exchangd:ikewise a market place for future contracts must be
established, with the same basic goals of providinge#iicient, trustworthy and
neutral market place. As the futures contracts may imply obligations on a longer term,
it is also essential to establish market security systems that secure the fulfillment of

contracts.
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- Grid management shortterm system codination: Aggregate production and
consumption has to momentaribe in balance. This central function of shtgtm
system coordination includése continuous supervision and systems for balancing the
network and acquiring necessary capacity for thegesdents. A further issue is that

of registering and settling power accounts.

- Grid managemerit grid system planning et€rid management also includes longer
term tasks related to e.g. system planning and investments, maintenance programs,

and establisimg principledor transmission tariffsetc.

Appropriate market institutions had to be set up for these functions. The organization of
market institutions should promote efficient design and operation of each function, and in
addition an efficient cardination between the functions. A further guideline is that the
institutional setup and specific organization is to be handled in an absolutely neutral and non
discriminatory manner. This also implies that the organizational units, whether power
exchangesrosystem operator, do not participate in ordinary market trading. In this section we
will review some comments upon some issues of institutional organization, based on Rud
(1990c), Bjgrndalen, Hope, Tandberg and Tennbakk (198%) Hope, Rud, and Singh
(1993a).

A general guideline in the overall organization of functions is to choosEganizational
structure which promotes efficiency and rndiscriminatory procedures for all market
participants. It was obvious that a strong integration and coordingti@ssential in the
operation ofsome ofthese functions. This implied that necessary measures for operative
coordination must be in place, but not necessarily that the functions have to be organized
within the same organizational entity. Different chéedstics of the functions, for example

due to different objectives, whether the function may be made competitive, or due to different
regulation requirements, may in principle call for separate organizational entities, with

operative arrangements for cdoration.

Considering the futures and spot exchange, both exhibit the same organizational goals in
promoting an efficient trading place. Further, it was assessed that there were probable cost
advantages in administration and information disseminationghss lower transaction costs

for participants in operating against a single trading exchange organization. As such a

coordinated operation, as well as a common organization for exchange in spot and futures was
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recommended. The conclusion was also suppoby the absence of alternative existing

commodity or futures exchanges in Norway.

As for the short and long term aspects of grid management, both functions are closely related,
but do exhibit important differences. To accomplish stkemh system coordation and
balancing requirements, contracts and market arrangements with market participants are
necessary. The nature of leteym system planning of grid investments, however, reflects the
decision making of a central optimizing planner. Still, bothcfioms are characterized as
natural monopolies, with common requirements of regulation and control. Close contact and
information from daily grid performances are also important input to the planning problem,
and the functions are closely related econohyicaas grid investments affect grid
coordination. A common grid and system operator company was thus recommended for these

functions.

A further question was the organizational relationship between the power exchange company
(spot and futures) and the grcompany (shottand longterm grid operation). The close
operational relation between spot market clearing and-gront grid management @n one

hand obvious. The spot market equilibrium may in general imply an infeasible solution in
relation to the apacitated network, calling for adjustments in production or consumption.
Adjustments are in principle either handled ex ante in accordance with the chosen congestion
management methd{l or realtime using ancillary service®n the other hand, there atear
distinctions.In their naturethe market clearing of the spot market, which is in fact a-day
ahead marketand any physically settled organized forward or futures markets, are both
concluded prior to delivery. In a sense this also partly applidgeetoegulation power market,

as bids for adjustment are submitted prior to delivelywever,the procurement of shert

term ancillary capacitglsorepresents a close borderline between exchange markets and grid
managementStill, it may be asserted thatetteis a clear distinction between the functions of

the exchange and the functions of the grid company,tlsaichecessary coordination to a
large extentmay be organizedby the exchange of informatioan for examplepossible
bottlenecks in the grid, anoh delivery obligations of spptforwards(and possibly futures)
contracts. These aspects indicate that a clear delimitation of exchange functions and grid

functions is possible, given a wélinctioning informational integration.

Our work recommended thdhe power exchange and the grid management should be

organized in separate companies. The recommendation was first and foremost based on a

" See chapter 5.
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concern as to the integrity of these central functions. Several arguments were voiced: Grid
management is a naturalonmopoly, while the organization of an exchange in principle may

be made competitive. This calls for tailored objectives and company management.
Furthermore, separate organizations may constitute a reciprocal control. Conceatsavas

that a mixture of thesdifferent legal and economic responsibilities might impair the trust in

the financial reliability and integrity of the power exchange. Also, as an exchange never
should take their own positions in the market, a combination of exchange functions and
necesary purchases for balancing the grid within the same company was assessed as highly

unsatisfactory.

Thus for the institutional setip of these functions, we deemed a legal separation as necessary
to retain the financial integrity and independence @& éxchange. Two separate market
institutions were recommendedan independent company to administer and supervise spot
and futures trade, with a system for effective internal and external controls and safeguards.
Here it was noted that the current powgchange company, the Norwegian Power Pool, had
valuable experience in operating the existing power markets, making a fine starting point for

developing the required infrastructure for the new power exchange house.

The chosen institutional structure whewever to be implemented with all these central
functions under the national grid company Statnett SF. Statnett SF was established January 1,
1992 as a result of the divesture of the old Statkraft into a production corfg§tatiraft SF)

and a transmissiocompany(Statnett SE)As of July 1, 1992Statnett SRvas assigned the
responsibility of administering the foreign exchange of power. Effective from January 1 1993,
the Norwegian Power Pool was merged with Statnett. The coempany,Statnett Markd

Ltd., which now was responsible for operation of the organized power markets, was
established as a wholly owned subsidiary company of Statnett SF, and organized as a stock

company. Statnett now had responsibilities and functions in three main areas:

1) Managenent of the transmission gridStatnett SF owned 80% of the grid, and was

given the legal right to lease those parts of the grid that it does not own (mainly regional
high-voltage lines integrated with the transmission grid). In this area the functions of
Statnett thus included the technical oper a
hire of physical transmission lines in systems belonging to and being operated by other
companies, the eordination of transmission services, and the settlementosrmission

services.
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i) Administration of the foreign exchange of pow&he subsidiary Statnett Utlandwo
administered foreign trade. See section 1.5.3 for a description of the initial organization of

foreign trade after the reform.

iii) Administrationand operation of organized markefBhe subsidiary Statnett Marde

was responsible for the operation of the organized domestic power markets and foreign
exchange. It was organized in four divisions: division for foreign trade, division for
domestic tradend market clearing, division for accounting and settlement, and division

for contracts.

Though Statnett SF itseland its different divisionswere under the instruction of a neutral

and nonrdiscriminating treatment of participantas well as ofconfidential use of all
individual participantbased information, there was a strong skepticism amongst market
participants that all these functions were assembled under the same organization and its
subsidiaries. A special issue of concern was that StatnEthdJwvhich administered the
foreign shorterm power exchange, was a subsidiary of the same company as Statnett
Marked, and at the same time a large trader in the organized markets of Statnet. Ntarke

this the market participants met a large competitbich was under the same ownership as

the power exchange. Concern walso voiced regardingthe possible mixture of legal and
economic responsibility for the different functions, and the implications for the neutrality and

trust in the exchange.

1.7.3 Mar ket Design of Organized Power Markets

A further important part of the market infrastructure was to implement and design the
organized market for electricity. Chapterd 2akes a closer look into these design issues.
Chapter 2 comments on early micro stane issues of the sheterm markets, i.e. on one

hand the spot market for electrici§he daily markei which was developed on an adaptation

of the former occasional power market, and on the other hand the regulation power market for
shortterm adjusihents based on proposals from the Norwegian Power Pool. Chapter 3
reviews issues in establishing an organized market for standardized contracts, a market which
was to be a forerunner for a futures market for electricity. Chapter 4 follows up on thefissue o
shortterm adjustments and the payment for ancillary services. Chapter 5 looks into the
pricing of transportation services and the interaction with the power markets in the case of

congestion.
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1.8 Implications for Market Participants

With a new competive environment, a new regulatory regime, and new forms for trading,

the market reform represented a dramatic change and placed demanding challenges on trading
companies, as well as on transport divisions/companies. The participants now faced crucial
chalenges in tailoring their objectives, management, and organizational forms to their new
role andthe new competitive and regulatory environment. The transition away from a former
era of politically influenced decisiemaking, however, also had importantpications for

the role of politicians, as well as for public owners. Below we will briefly comment on some

of the main challenges in adapting to the reform for different groups in the market.

1.8.1 Public Owner and Political Guidelines

An important recogition in the reform process was that the electricity industry reform not
only was a question of designing and operationalizing a madssd system;it was also to

a large extent a question of changing the corporate and regulatory culture prevaihag in
industry and the political system surrounding it. For central political system levels, such as
governmental departments, their main role now was to contribute to measures that enabled the
establishment of an efficient market structure, and but ntdtduimnterrupt with the working

of well-functioning markets. For public owners of power companies, the main implication
was that their companies should be allowed to act upon normal principles of business, and not

pursue any other political agendas.

1.8.2 Market Participants of Electricity Trade

In the new regime all market players that bought or sold electricity now faced a competitive
market with major challenges in adapting strategies and manag&niére market players

now consisted of generating compand endisers, and electricity brokers and traders
acting as middlemen between producers anduseds. The latter group of traders had
traditionally comprised distribution companies only. In the reorganized market which was

%8 This section is mainly based on Rud (1989a) and Rud (1993) which discuss implications of market
based electricity trade for therganization and management of electricity trading companies. The
focus of Rud (1989a) is in particular on the applicability of the accounting information. A problem
here was that the former accounting systems were based on the rather special principtesijol
accounting. Rud (1993) comments on new management challenges as to customer orientation, cost
efficiency, pricing strategies, risk management, and company organization to meet the new
competitive environment.
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based on a principle of opeentry, new participants soon emerged in the role as independent
traders and brokers, thus further sharpening compéfition

For conventional traders the change was particularly fundamental with the transition from an
institutional monopoly to competitioor example, in the former regime, on having closed a
poor purchase deal, the distribution company could in principle cover the costs by stating
higher retail prices. This was not possible in the new competitive environment. Now
competitors might step imnd provide better offers, and capture the customers of the
distribution trading company. Likewiseustomers could on their own initiative search the
market for suppliers with better prices. Tradatso now had the opportunity of active
participation inthe organized markets. In general, a fundamental challenge was to deal
explicitly with price risk, and balaectherisk exposure of purchases agaita risk profiles

of customer contract8/loreover, he previous monopoly companies were now forced totadap

to more customer and markatiented strategies, with more pronounced objectives of cost
efficiency, profit maximization, and risk management. Note that this pressure for change and
more economic rational participants also was a pressure towards arl overa
economially efficient market. A challenge was also for the companies to act more
independently of the political system. In the infant stage of the market, it was evidently hard
for the local political system to reduce its influence and give tinepaaies the necessary

economic and managerial independence.

For producers, trading patterns wexiso likely to changevith the possibility of activig
participaing in the organized markets of the daily market, the regulation power market, and
the weeklymarket. Though producers were familiar with the former occasional power market,
the producers now to a greater extent had to analyze market trends and explicitly monitor
their risk position. It may also be noted that basic economic principles imptieidg
principles based oa shortrun marginal costsThis was in contrast to the many year debate

on and use of longerm marginal costs in pricing, a practice that no doubt had led to large

inefficiencies in allocation.

9 On receiving a licence granted bye Norwegian Water Resources and Power Board, traders and
brokers could freely operate within the system. The initial license system was merely a matter of
registration. Already Fall 1992, some 10 traders were established. Not alcon@svs were
successfl, and several laid down their activities after a short period of time, while new companies
were established. See Rud (1996) for a further study of the early development of new trading
companies, and their role in promoting competitive trade in the marke
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In general the new focus on profitchgeneral business motives in the competitive market had
important implications for the adaptation abrmal businessriented management and
organizational principles. For example, several distribution companies chose to turn into
regular stock holding ampanies, though without being privatized. Another example of
adaptation is related to accounting and informational systems. The existing systems were
poorly adapted to the new informational challenges in a competitive rffa®et one hand

this had implicéions for the practice of individual companies, as it for example, was not
common for energy companiés make or use internal management accounts for decision
making. On the other hand, it had implications for general accounting practices and regulatory
requirements: Municipally owned distribution companies were at the time required to follow
municipal principles of accountifily which in many ways were founded on a cash principle
that to a large degree deviated from normal accounting printiplEisese priciples gave
unsuitable information for managing companies in a competitive environment. At the time of
the reform, there was already initiated a focus on changing these primfipatounting, and

as of 1993 all distribution companies where requiredb&se accounting on the same
procedures and rules as for ordinary shareling companies. These are but some examples

of adaptations necessary to meet the challenges of the competitive market.

1.8.3 Participants of Electricity Transportation

From a markepoint of view, the manifestation of a thorough understanding of their role as
common independent carriers was crucial both as to Statnett SF and as to-tpegtithg
distribution companies. Their main objectives should now, simply put, reflect the desi
costefficiently operate the grid on a ngmofit basis, and offer a negliscriminatory,
transparentandopen access to the grid. Their objectives,widiwever highly be affected by

the imposed regulatory measures, thus the efficiency in thisrsschighly dependent on
regulatory design. Note also, that though grid operation is a natural monopoly, some
functions, such as e.g. metering, in principle can be exposed to competition, so that to meet an
objective of cost minimization, make or buy gti@ss for such services may be relevant.

% See Rud (1989a) for on issues of economic management in production and distribution companies,
and on problems of the currently used municipal accounting principles.

1 Municipally owned companies followed the municipal accounting laws as given theheurrent

0 Ko mmu pnga brbeidsdepartementets Forskrifter og veiledning for budsjettoppstiling og
regnskapsfRBring i Kommuneneod.

% For example, new loans were registered as revenue, installments as costs, and furthermore,
investments were not periodeso that the full cost was registered at time of investment with no later
depreciations.
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A further issuevasthat of optimal size of distribution companies. With some 230 distribution
companies serving a population of about 4 million people, and a fairly skewed size
distribution, the number of the compies was most likely to be of a suboptimal Eizén
principle the dimensioning and boundaries of the distribution company should primarily be

related to its generic function, i.e. the dimensioning and utilization of the grid.

1.9 Some Concluding Remark on the Reform Implementation

The reform process led Norway to haves ofi the, at the time, most advanced mathated
electricity systems in the world. As such it may in many ways be characterized as a social
experiment on a grand scale with ramificaothroughout the economy due to the
infrastructural role of the sector. However, though the reform process in principle was quite
dramatic, it went surprisingly quick, and without serious drawbacks. The explanations for this
success are probably complexdavaried, though several circumstances that contributed to
this smooth a transition might be mentioned:

- The transition took place in a period with excess supply conditions and excess production
capacity. There had been mild winters and above averagealrahrbugh a number of
consecutive years, new production capacity was being added as a consequence of earlier
investment decisions, and there was low demand from power intensive industries due to
low demand for their products. This made the industry carduo reform, and allowed

the market to consolidate before meeting the first trials of dealing with major scarcity.

- The market had the initial benefit of having a decentralized strututee Norwegian
electricity industry, with a large number of matkparticipants, and where the largest

actor, though big, still accounted for not more than 30%heproduction capacity.

- The occasional power market, established in 1971, being an early and innovative
arrangement for a sector like electricity, represeran important starting point and model
for the institutional and organizational 4gi for the extended market system. Through
this market the participants of the electricity market to an extent already were familiar

with the nature of market transactsn

% Rud and Tjgtta (1989) discuss principles of optimal size based on economies of scale and scope, and
conclude that there are likely to be efficiency gains in thezbwotal integration of some of the
existing distribution companies. An empirical study on the economies of scale and optimal size of
Norwegian distribution companies supports the conclusions, see Salvanes and Tjgtta (1990).
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- And lastly, the Norwegian market reform process undoubtedly benefited from the general
international trends of deregulation and market competition in the electricity industry. It
should also be mentioned that the legal and political parts of the rgimress were
orchestrated with skills and determination by the Norwegian government. By and large,
during the first critical years, the government stood firmly up against political pressures to
change the speed and direction of the restructuring procéss.whs important, as

without such a firm stand, the process might have collapsed at an early stage.

Now, after 17 yearwith a marketbased system, the Norwegian electricity market reform has
largely been termed a successful reform, and paved the waylfae@ wo r | d-6osintry i r st
integrated electricity markeWe refer to chapter 6 for a further evaluation of the current

efficiency of the market, future challenges, and a discussion on areas for further improvement.

1.10 Current Market Organization: Institutional

and Regulatory Infrastructure

Since the implementation of the Norwegian electricity market refepmgificmarketdesign

and regulatory policies have been continually been refined, and are still under the process of
adaptation to meet theain future challenges of security of supply in an environmentally
sustainable setting. Still, however, the electricity market has in nearly eighteen years worked
along the same basic principles as outlined in the initial-Brkect nearly two decades ago
Moreover, our neighboring Nordic countieave followed with similar market reforms, and

we now have a fully integrated Nordic market.

As our focus in the remainder of this paper is on the design of market systems, let us here
review the main changesadevelopments in the institutional and regulatory infrastructure of
the market’. In this respect two main driving forcespn one hand the Nordic development

and subsequent market integration, aod the other hand changes in financial legislation, to

a large extent have enforced major changes in the infrastructure of the market:

- Nordic market reformOther Nordic countries were to follow in the steps of Norway
in a marketbased restructuring of their electricity markets, with Sweden as the first
country after Norway. Following the reform, however, the Norwegian market had, as

we saw in section 1.5.3, adopted a relatively restricted framework for international

% Sources: The information ohe current (per summer 2008) system is mainly found on the websites
of Statnett (www.statnett.no), and Nord Pool (www.nordpool.com).
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trade, partly mirroring the nemarket based organization of their trading partners. To
implement a more integrated international trade, Norwegian legislation had to be
adapted. The framework for an integrated Nordic market for physical contracts was
made possible by Storting Report No. 11 1995/96. Together with the license fer cross
border trade aarded by NVE to the power exchange, the foundation for international
spot exchange trade was laid on the Norwegian side.

- Changes in Norwegian legislationSeveral changes in e.g. the Norwegian Securities
Act and the Norwegian Exchange Act gave rise tcearganization of the main
institutions of market exchange, and thus also to a more specific regulatory framework
for the commodity exchange, the financial exchange and clearing activities.

Following this, major changes in the regulatory and institutiomfitagtructure were
implemented. To put things short, on January 1 1996 Nord Pool (formerly Statnett Marked)
was established as a joint Norwegfawe di s h exchange, forming
multinational exchange for trading of electrical power. Finlandgdithe Nordic power
exchange market area in 19%8estern 2nmark (Jutlandcunen) in 1999, and to complete

the full Nordic market integratignEastern DenmarkZealand) joined the Nordic power
exchange area in 2000. The integrated market (Norway, SwBdemark, Finland) thus
accounts for a yearly production of 397.3 TWh (2007), covering a diverse portfolio of
production technologies, with a share of 54% hydro power, 21.8% nuclear power, 21.7%

other thermal power, and 2.4% wind poWer

Following market itegration and changes in legislation, the structure of market institutions
has been adapted. We find that the internal and external organization of market institutions to
a larger extent seems to represent an organization structure with more clearlg dafine
separate roles, also implying a higher integrity than in the infant market structure. The main

market institutions (with a focus on the Norwegian market) now are:

- Nordic Transmission System Operatdesich Nordic country has its own transmission
sysem operator, Statnett SF in Norway, Svenska Kraftnat in Sweden, Fingrid in
Finland, and Energinet.dk in Denmark. The Norwegian government, represented by
the Ministry of Petroleum and Energy, is the owner and ministry responsible for

Statnett. The Norwegm Water Resources and Energy Directorate regulates all

% Source: Nordel annual statistics, www.nordel.org.
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Nor wegian grid companyO0s revenues, i ncl

for transmission tariffs, and system operator guidelines.

- Nord Pool ASANord Pool ASA lists financial electricity otracts and organizes
exchange trading in such products. The national grid companies Statnett SF and
Svenska Kraftnat each own 50% of Nord Pool ASA. The company is organized as a
Norwegian public limited company, authorized by the Norwegian Ministry cirféie
as an derivatives exchange under the Exchange Act, and supervised by the Financial
Supervisory Authority of NorwafFSAN, Kredittilsynet.

- Nord Pool Spot ASAThe spot market activities are organized in Nord Pool Spot ASA
which runs the dagphead spt market ELSPOT and the intday market ELBAS (the
latter through its wholly owned subsidiary Nord Pool Finland Oy). Nord Pool Spot AS
is owned with 20% each of Nord Pool ASA, Statnett SF, Svenska Kraftnat, Fingrid
and Energinet.dk. Nord Pool Spot holldicense under the Energy Act of Norway,
granted by the Ministry of Petroleum and Energy, to operate an organized market
place for trades in physically delivered power contracts. Nord Pool Spot is under the

supervision of the Norwegian Water ResourcesEmergy Directorate.

- Nord Pool Clearing ASAAs a derivatives clearing house Nord Pool Clearing clears
all contracts traded at Nord Pool ASA, and in addition standardized contracts traded in
the bilateral financial market which are registered for cleafiayd Pool Clearing is
licensed as a commodity clearing house under the Norwegian Securities Trading Act,
authorized by the Ministry of Finance, and is under supervision of FSAN. Nord Pool
Clearing ASA which is a public limited company, is a wholly owrsedbsidiary to
Nord Pool ASA.

In addition to the main regulatory body for the power market, The Norwegian Water
Resources and Energy Directorate, important regulatory bodies thus now include The
Norwegian Competition Authority, and the Financial Supervigaushority of Norway. All
regulatory bodies are in turn subordinated to their respective ministries, i.e. the Norwegian

Petroleum and Energy Ministry, and the Ministry of Finance.
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2 Spot Markets for Electricity: The Day-Ahead
Market and the Regulation Power Market

Two mainmarkets were implemented fehortterm physicakradein electricity market, the

spot market and the regulation power market. The spot market, at the time called the daily
market, is in fact a daghead forward market with physicdelivery the following day. The
regulation power market is a marker the supply of reatime adjustments to balance the
power flow. Together these markets form the core of dkam allocation of power. The

daily market was an adaptation of the forroecasional power market, while the regulation

power market was based on proposals from the former Norwegian Power Pool.

During the first years after the market reforoncern was thdiquidity was t@ low in the

daily market Concern was also whethéne volume of the regulation power market
comparison should become higher than desibed.research was at this time concerned with

the liquidity and efficiency of these markets. Attention was particularly drawn to the role and
efficiency of the chosen iero structure and trading mechanisms, and its implications for the
interaction of the dayhead and the regulation power market. This is the topic of this chapter
which is based on the work of Hope, Rud and Singh (1993b), Knivsfla and Rud (1995a),
Knivsfla and Rud (1995b) and Knivsfla and Rud (1997). Section 2.1 gives a closer description
of the early design of these markets. Section 2.2 discusses possible sources of inefficiency at
the time, while section 2.3 reviews the discussion on possible improteofamarket micro
structure. Section 2.4 focuses on incentives in trading in the daily market versus the regulation
power market, while section 2.5 concludes the chapter with a brief review of the current

trading mechanisms.

2.1 Market Descriptions: The Trading Mechanisms

As noted above, Statnett Matkea subsidiary company of Statnett SF administered the daily
market, the regulation power market, and the weekly market. The markets were open for all
participants that satisfied certain conditions. Agtal markets required physical delivery, the
conditions included compliance with technical requirements in addition to the various payable
charges that included a fixed entry charge, an annual charge, and a volume charge. Of the
total number of participant$ generators dominated. Trade by distribution companies, bulk

consumers, and electricityaders androkers had however been increasing. On the demand

% n 1994 there were about 95 participants.

Linda Rud Selected Topics on Early
Essays on Electricity Markets 39 Electricity Market Design in Norway



SNF Report No. 10/09

side the smaller units traded mostly through electritigglers ase.g.most householdahich
tradedon fixed or variable terms with a distribution company. The exchbaged trading
volume for all these markets accoethfor approximately 30% of total trade in 1994, while

the rest was mainly accounted for by bilatexaitracts.

2.1.1 The Spot Market for Electricity

The daily market was the spot market for electricity, where the spot contracts specify delivery
the following day. The market was basically an extension and a refinement of the former
market for occasional power administered by the Norareglower Pool, and was based on

the same organization of the power auction.

From the beginningthe basic contract for market clearing and settlement was tbellsd

(orice sectio which was a bundle of several hours. The duration of price sectient)e.
bundling of hours, was determined by Statnett Mdrkee week in advance. In 1995
normally 8i 10 price sections were determined for each weekday Mdné&agay, and less,

e.g. 34 sections per day in the weekend. From 1996 prices were set bypuhei.f. the
market was cleared for 24 hourly contracts per day, as it is today. Settlement of the contracts
is by physical delivery. Any registered deviations in delivery from the hourly contracted

volumes are settled over the regulation power market.

The traders submitted their sealed bids and offers to the exchangbefaily 12.08/. These

orders are demand and supply schedules (i.e. limit orders) that specified thguantigy
combinations at which buyers and sellers were willing to trade. Basdtese incoming
orders, the 6auct idderieed thedaggregatesupplySandadenmapdtctirvesMa r k
for each contract (i.¢or each price section). The maraéearing price and quantity are set so

that supply and demand balan®dThis commonmarketclearing price is termed the

@ystem Pricé The resulting prices and quantities are revealed to the traders, but not the
market depth (i.e., orders that are not cleared). The spot contracts are binding for delivery the

following day, and specifyhie amount of energy to be delivered / taken out per hour.

The principles of matching and subsequent price discovery are best illustrated by a stylized
numerical exampf8. Table 1 gives the orders for electricity delivered next day between 1200

and 1300 hors. Participants are consumers A, B, and C and producers X, Y, and Z. The spot

%" The auctions were held ilafrom May 1992. Before that, the spot auction was held once a week.

% |n the event of anticipated congestion further procedures were followed. Our focus in this chapter is
the auction format aside from the congestion management procedure. The datitgrigcof chapter 5.

¥ The example is from Knivsfla and Rud (1995a).
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price the day before is assumed to be NOK 200 per MWhh&veassume that orders are
specified over the interval with jumps of NOK 10 per MWh. The trading system transforms
incoming orders to continuous functions by connecting the specified combinations of price

and quantity with straight lines.

Buy orders volume | Buy orders| Spot price | Sell orders| Sell orders volume Paential
(MWh) cumulative | per MWh | cumulative (MWh) Trade
A B C (MWh) (NOK) (MWh) X Y Y (MWh)
900 500 0 1400 230 6100 2400 2100 1600 1400
900 800 700 2400 220 5000 2100 1900 1000 2400
900 1000 1000 2900 210 4400 1900 1700 800 2900
900 1100 1200 3200 200 4000 1900 1600 500 3200
900 1400 1400 3700 190 3400 1700 1300 400 3400
900 2200 1900 5000 180 3000 1500 1100 400 3000
1300 2600 2700 6600 170 1700 800 500 400 1700

Table 1 An example of a sealed spot electricity auction
where three buyers are matched with three sellers

Buyer A, for instance, ants to buy 900 MWh delivered the next day between 1200 and 1300
hours to secure the running input of electricity in his industry production. If the spot price
falls to NOK 170, however, A is willing to boost production and needs 400 MWh more.
Seller Z, whch could be a power plant, offers to generate 400 MWh at any price clearing the
spot market. If the price is NOK 200 per MWh, Z will generate 100 MWh extra; if the price is
NOK 210, Z will generate a further 300 MWh; if the price is NOK 220, Z will gerezgen
a further 200 MWh; and finally, if the price is NOK 230, Z is willing to boost his generation
by another 600 MWh, in total 1600 MWh.

The equilibrium price is found as the price that maximizes trading volume by matching as
many buy orders with as my sell orders as possible. Figure 5 illustrates how the spot price
is found in the prespecified variation interval by requiring that the demand in terms of

cumulative buy orders should equal the supply in terms of cumulative sell orders.

The cumulative by orders represent the demand function for electricity, and the cumulative
sell orders represent the supply function. Both demand and supply orders have been made
continuous by connecting the prigeantity numbers in Table 1 with straight lines. The

highest possible volume, which is the criterion for an equilibrium, is obtained in the interval

[190, 200], and it follows that the equilibrium volume KW = B85 30 = 356364,

and the equilibrium spot price B* = p, + 22 (MWh* - 5) =19273, whereb, ands, are

the cumulative buy orders and cumulative sell orders at the pfiee200, andb, ands, are
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o0

the cumulative buy orders and cumulative sell orders at the prieel90™. By setting the

spot price equal to NOK 192.73 per MWh, it is possible for the auctioneers to match 3563.64
MWh in demand with 3563.64 MWh in supply. Accordingly, the spot price for electricity
delivered the following day betwedr200 and 1300 hours falls from NOK 200 at the auction
yesterday to NOK 192.73 today.

Price
A Cumulative buy
orders

220+ Cumulative sell
2104 orders

200 T

o T

1& L o

170 4+

; , ; ; } $ MWh
1200 2400 3600 4800 6000
MWh*

Figure 5 The equilibrium spot price for electricity given the order book specified by Table 1

Executed orders for each participant are the purchases of 900A, 1318#8Bi5C, and the
sales of 1754.55X, 1381.82Y, and 427.27Z. These are determined according to priority [e.qg.

for B we havel318.18=1100+ (1400 1100)75555>1. All buy orders above R*and all sell

orders below P*are executed. As the auctioneers take the ordetsadghs lines, some buy
orders placed at the price NOK 190 and some sell orders at the price NOK 200 are also
execut ed. After the auction procedure is ¢cc

system displays the outcome to the public.

Together withobligations on forward contracts the spot market contracts specify the planned
power flow for the following day. However, due to capacity constraints, the power flow may
not be feasible. In the event of anticipated bottlenecks, a capacity charge stedtipulthe

spot market, and the spot market equilibrium is adjusted to render a feasible planned power
flow: In submitting their orders, the agents have specified the location at which the energy is
to be delivered. If the equilibrium power flow is not$tble, the market is geographically
segmented according to the anticipated bottleneck. The capacity charge is set by adjusting the
market equilibrium of the daily market: Spot prices are raised in deficit areas, and lowered in

““We have inserted fop, =200, p, =190, s, =400C, 5 =340C, b, =320C, andh =370C.
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surplus areas. The differemds the implicitcapacity charge which is set to balance the
energy flow between the deficit and the surplus area. In this chapter, we will concentrate on
general aspects of the microstructure of the market, and assume a market without bottlenecks,

while some issues of congestion management are covered in chapter 5.

2.1.2 The Regulation Power Market

After the spot market is cleared, the delivery obligations of buyers and sellers are fixed for the
following day. This follows from the spot contracts andawiard contracts. All delivery
obligations are reported to the grid control, i.e., to Statnett. The electricity demand, however,
depends heavily on unforeseen factors such as temperature. If, for instance, the temperature
falls unexpectedly, the consumersgght increase the consumption of electricity for heating
relative to the expected demand stipulated when the energy exchange closed the day before.
Similarly, the generation of electricity may also depend on unforeseen factors such as
technical defaults. Aus, in the course of delivery, actual input to the grid may deviate from
contractual input, and actual output from the grid may deviate from contractual output. As
contracts state the obligation to take out or generate a specified ameunet@yf natur&load

variations also necessitate adjustments.

At each moment of time, however, the power flow has to balance. To allow such unexpected
corrections relative to the contractual commitments, an overall momentary balancing of the
energy flow is carried ouby the grid coordinator Statnett. This réiahe adjustment of the

power flow involves increasing or reducing the load on a short notice. To do so, the grid
coordinator has to contract for the necessary capacity for adjustment, and arrangements must
be mae& in which producers and consumers on stesrh instructions from the central grid

control are obliged to increase or decrease their supply and demand.

The mechanism through which Statnett procures capacity to adjust the power flow is called

the regulatio power market. The mechanism allocates and prices capacity fortesimort
adjustmentActive participants that supply sherm adjustment capacityere at the time

primarily producers whacould adj u st their | oad at 15 minut
neassary specified technical conditioe however noted that might be efficient that

reaktime flexible consumersupplied active capacity, as in principle load adjustment to meet

an unexpected increase (reduction) in consumption may be met by redincireasing)

consumption by other consumers, as well as by increasing (reducing) generation.
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Adjustment orders for the following day are submitted daily prior to 1930 hours the day

before delivery, that is, after the spot market has closed, but pri@litery the next day.

The market is operated on an hourly basis so that separate orders are quoted for each hour of

the following day. Statnett compiles a priority list based on submitted orders. Clearing

virtually takes place continuously durirtbe delivery day in which the system operator

consecutively chooses the required adjustment capacity based on a merit order selection. The

regulation price, i.e. the compensation for rescaling, is determined as the price of the marginal

order used when making tinet adjustment. Subsequently, all deviations between actual load

and contractual load are recorded and settled by the regufadiear price. As such the

remaining electricity market participants may be characterizgghssiveparticipants of the

regulaton power market.

We will illustrate the mechanism by a simplified example. Table 2 gives an example of orders

submitted to the separate auction detecting the regulpbarer market price. In order to

illustrate the settlement procedure in terms of paynsem power exchange, we have

assumed that the ex ante total trade in the market has been settled by the spot market alone.

Bids for adjustment Price of
(MWh) Cumulative  adjustment
bids per MWh
X Y C (MWh) (NOK)
400 200 400 1000 230
200 200 400 800 220
0 200 200 400 210
0 0 0 0 200
0 0 0 0 190
-200 -200 0 -400 180
-400 -400 -600 -1400 170

Table 2 The auction of sheterm changes in production
/consumption after the electricity exchange has closed

If the price exceeds NOK1® perMWh, producer Y is sigriang to the regulation power

mar ket

t hat

he

i s

wi ||

ng to expand product |

same way, consumer C is willing to reduce his consumption of electricity compared to the

contractual consumptidoy 200 MWh. Consumer C could be a distribution company that has

sold contracts

on

ter ms

of éinterruptiblebd

are willing to reduce their production of electricity by 400 MWh each, whereas consumer C is

willin g to expand consumption by 600 MWh.

The price in the regulation power market depends on the adjustmelWh™ which is the

difference between the actual loadlwh, and the contractual loadwh . It seems
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reasonable to expect thaMivh, > MWh , thenP" > P", reflecting higher costs of producing

on short notice. Conversely,Nf\wh, < MWh', thenP" < P", as agents who adjust theatb
only, are expected to be compensated for lost profits. In the following, we will illustrate the

principles of adjustment wheklWh , differs fromMWh . The case wher®Wh, > MWh is

considered separatelyofn the case wheMWh, < MWh , but the same principles for market

clearing, of course, apply.

Realized Load is Higher than Contractual Load

Due to mainly an unexpected fall in temperature, let us assume that the total load adjustment
needed is MWH =MWh, - MWh =405843- 356363=49480MWh. To balance the

deviation, the central grid control contacts the agents with the best bids foiteshort
adjustments in load, and instructs them to increase produotiaeduce consumption
accordingly (i.e. according to Table 2)rFa more instructive presentation, let us now in our

example assume that the bids are made contifitoughen the price
isP" = p, + &2 (MWH - 5) =21237* This means that MWh, > MWH , thenP" <P".

The price is higher in the regulatigpower market than in the spot market, probably because
the marginal cost of producing electricity on a stierin notice is higher than the marginal
cost of producing electricity according to spot commitments. Table 3 summarizes the

adjustments and paymies of all participants.

Consumers Spot Deviation  Adjustment Powerflow| Contract  Deviation Adjustment Total
/producers|  contract payments  payment payments
(MWh) (MWh) (Mwh) (Mwh) (NOK) (NOK) (NOK) (NOK)
A -900.00 -385.71 0.00 -1285.71| -173457.00 -81913.23 000 -255370.23
B -1318.18 32.47 0.00 -1285.71| -254052.83 6895.65 000 -247157.18
C -1345.45 0.00 247.40 -1098.05| -25930858 0.00 5254034  -206768.24
X 1754.54 0.00 47.40 1801.84| 33815249 0.00 1006634  348218.83
Y 1381.82 0.00 200.00 1581.82| 26631817 0.00 4247400  308792.17
Z 427.27  -141.56 0.00 285.71| 8234775  -30063.10 0.00 52284.65
0.00 -494.80 494.80 0.00 000 -105080.68  105080.68 0.00

Table 3 Realized load from 1200 to 1300 hours is higher than contractual lo&@isaction costs)

Consumer A consumes 385.71 MWh more than he should according to his spot trade.
Consumer B consumes 32.47 MWh less. Producer Z, having suffered a breakdown, delivers
141.56 MWh less than his obligation. Consumer A could be a distnibabmpany whose

customers have increased consumption because of the unexpected fall in tempdrature.

1 The orars to the Norwegian regulation power market are, however, not made continuous functions.
“2We have inserted fqp, =220, p, =210, s, =800, ands =400.
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active participants oProducers X and Y are required to generate 47.4 and 200 MWh extra
respectively, whileConsumer C is instructed to reduce consuompby 247.4 MWh. All

deviations are settled by" =21237.

The averageprice paid differs among consumers: A pays in average pays NOK 198.62, B

pays NOK 192.23, and C pays NOK 188.30. Consumers B and C in average pay a price that

is lower tha the spot priceP”, since they actually have contributed to balancing the market

by reducing the total load of the grid. On the other hand, Consumer A pays more than

since he, by consuming more than the canrae d v ol u me , is O6puni shed
higher price for the extra production by generators and the reduced consumption of other
consumers. In the same way, the average price actually received for the electricity produced
differs: Producer X receiveNOK 193.25, Y receives NOK 195.21, and Z receives NOK
183.00. Producer Z receives an average price lower than the spoPpyiae Z, by delivering

a lower production than contracted, increases the net deviation of the market.

Realizd Load is Lower than Contractual Load
Suppose that a reduction in the load of 478.25 MWh is requirbdlémce the systenit can
be managed by reducing production, increasing consumption, or a combination of both.

According to Table 2, the price in the regulation market is:

P'=p, + &2 (MWH - 5) =17922%. If MWh, <MWH , thenthe price in the regulation

market is lower than the price in the spot market,P" > P', as participants unable to fulfil
their obligations have to compexs the other side of the market for lost business
opportunities. Based on the bids of Table 2, Table 4 summarizes the adjustments and

payments of all participants.

Consumer A consumes 289.21 MWh less than contracted, B consumes 43.6 MWh more than
contraced, whereas Producer Z produces 232.64 MWh more than contracted. Producers X
and Y are required to reduce production by 215.65 MWh each, while Consumer C is

instructed to increase consumption by 46.95 MWh.

“*We have inserted fqo, =180, p, =170, s, =- 400, ands = - 140C.
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Consumers Spot Deviaion  Adjustment Powerfow| Contract  Deviation  Adjustment Total

producers |  contract payments  payment payments
(MWh) (MWh) (MwWh) (Mwh) (NOK) (NOK) (NOK) (NOK)

A -900.00 289.21 0.00 -610.79| -173457.00 5183149 0.00 -12162551

B | -1318.18 -43.60 0.00 -1361.78| -254052.83  -781338 0.00 -261866.71

C| -1345.45 0.00 -46.95 -1392.40| -259308.58 000 841426 -267722.84

X 1745.54 0.00 -215.65  1538.89| 338152.49 000 -3864825 299504.24

Y 1381.82 0.00 -215.65 1166.17| 266318.17 000 -3864825 227669.91

Z 427.27 232.64 0.00 659.91| 82347.75 41693.16 0.00 124040.90

Sum 0.00 478.25  -478.25 0.00 000 85710.77 -85710.77 0.00

Table 4 Realized load from 1200 to 1300 hours is lower than contractual load (no transaction «

The average price paid differs significantly amorgnsumers: Consumer A pays NOK
199.13, B pays NOK 192.30, and C pays NOK 192.27 per MWh. Consumer B pays an
average price that is lower than the spot pfce as he, by consuming more than contracted,
helps the central planning und avoid reducing production. B is compensated according to
the regulation price. Consumer A pays a price that is higher fharecause he, by
consuming less than expected, has to pay for the necessary reduction in the production of
electricity. Similarly, Producer Z, having increased production and thus having contributed to
increasing the net deviation of the market, receives an average price of NOK 187.97 per MWh
that is lower than the spot priBe. Producers Xand Y cover the deviations and receive
respectively an average price of NOK 194.62 per MWh and NOK 195.23 per MWh, both
higher than the spot pri¢e .

2.1.3 A Characterization of the Trading Systems

In a broad sense the trading mechanesignates the means by which prices are detected
and resources allocated in an organized market. Its crucial function is to transform the latent
supply and demand of buyers and sellers into realized transactions. The key to this
transformation is pricaliscovery, i.e. the process of finding market clearing prices. No
trading mechanisms are in principle alike, they differ in the types of orders permitted, the
times at which trading can occur, the quantity and quality of information made available at the
time of order submission, and the reliance on market makers to provide liquidity. The
underlying objective in electricity market design is to establish trading systems and
mechanisms that contribute to maximize the efficiency of the overall electricityetnaitke
objective of our work at the time was to provide a preliminary discussion of whether
alternative design of the trading mechanisms could contribute to increased efficiency, with a
focus on possible principle effects of alternative mechanism. Totgteuthe discussion, we

will here briefly characterize the trading mechanisms within some main categories.
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One set of basic distinctions are whether the auction is-drden or quotelriven, and
whether the auction is periodic or continuous. Thesgaucategories may briefly be defined

as followg*

- Order-driven mechanismdn an orderdriven system, it is the incoming orders that
drive the auction and thus the pricing. The system operates either continuously or
periodically. In the first type, knowas acontinuous auctiortraders submit orders for
immediate execution through bilateral, or in a liquid market, multilateral, matching.
The system is continuous since orders are executed upon arrival. The second type is
known as aperiodic auction Submited orders are here stored for execution and
cleared at the same time at a single market clearing price.

- Quotedriven trading mechanismdn a quotedriven system, participants can obtain
firm price quotations from markehakers before submission. Thutsjs the quotes
that drive incoming orders. On order submission, the buyer/seller need not wait for
order execution, but instead trades immediately with a mank&er. Being a
continuous trading system, the mechanism is characterized by a sequenatedl bil

transactions, at possibly different prices.

Auctions of both the daily market and the regulapower market are driven by the incoming
submitted supply and demand bids, and may thus be characterized asiriveter
mechanisms. The daily marketdkearly periodi¢ since orders are stored and the market is
cleared at a single point of time, at a single market clearing price. Bids of the regulation
power market are also stored for execution, and cleared during the delivery hour in question at
a singe market price. As such it too is a periodic order driven mechanism.

A further basic distinction is the extent to which the trading mechanism reveals information

about orders submitted to the exchange:

- Sealed auctionThe trading mechanism is classified sealed if traders are prevented
from observing incoming orders. In a sealed auction only the resulting price and volume

are displayed.

- Open auction:The trading mechanism is classified as open if traders can observe the

orders when they are placed in tireler book by the auctioneers.

“4 Exchanges may in principle also employ a combination of these mechanisms, for example with a
periodic, ordedriven auction at the start of the trading day, followed bgrainuous orderor quote
driven mechanism for the rest of the trading day.
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Periodic auctions tend to be sealed, whereas continuous auctions tend to be more open. For
both the daily market and the regulation power market no information on the incoming orders

is publicized prior to market clearingoBh may thus be characterized as sealed auctions.

Finally, it should be pointed out that the marketigeof a separate daghead market and a
separatenarket for reatime adjustment capacity represents an unbundled electricity market

system where eneygand reserve capacity are unbundled into separatelydmaremodities.

2.2 Potential Sources of Inefficiency

Together the daily market and the regulation power market form the markets feteshmort
delivery of power. The marketsowever fill different functions. The daily market is the core
spot market for planned shdadrm allocation of power. The regulation power market is a
residual market with the role of pricing and procuring -teae adjustment capacity, and of
handling, pricing and settlingeviations between actual deliveries and contracted deli{eries
An efficient and liquid spot market for electricity is vital to the efficiency of the electricity
market. In principle the optimal equilibrium spot price equals sieomt marginal costhich

in turn equals the shetérm marginal benefit of consumption. The spot price thus reflects the
marginal value and relative scarcity of power, and is important in thetsiortallocation of
power as a reference price for all use and production ofrielgct Note also that a well

functioning spot market is a prerequisite for a vifictioning futures market for power.

At the time, the trading volume on the regulation power mas&eimed to be relatively high.
Concern was whether the high trading volum the regulation power market came at the
expense of the liquidity of the spot market, and whether the overlapping of the two markets
would undermine the liquidity and efficiency of the spot market in particular, and the
efficiency and functioning of th electricity market in generah basic question in the quest

for improving efficiency was to explain and identify the causes of amsarket development

in the shorterm markets. It is highly probable that the development followed from a
multifaceted ange of market issues, for example the explicit design of the organized markets,
specific features of regulation policy or the general market structure, as well as frictions in the
transition from the former system. It is also probable that the diffessoes were highly
interrelated, so thatuch adevelopment was a product of all these features. For example, in

the transition away from the former bilateral contract dominated market system, the market

> Physical delivery may in the Norwegian electricity system be contractédebgtaily market, by
bilateral contracts, and at the time also by the contracts of the weekly maikbtwere settled by
physical delivery.
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design and realized liquidity of the organized forvar futures market may have had a major
impact on the liquidity of the spot market; A poorly functioning futures or forward market
may cause a greater use of bilateral contracts, which in turn may affect the liquidity in the
spot market. This dependence however reciprocal, as an efficient futures market also
depends upon the existence of a liquid and efficient spot market. The liquidity of both markets
may further rely on the chosen market design, as well as issues of competition in the general

market sructure.

While there are many factors which in sum might have accounted for the poor liquidity of the
spot market, the focus of our work in Knivsfla and Rud (1995a), Knivsfla and Rud (1995b),
and partly Hope, Rud and Singh (1993bas on the chosen migtucture of the shoterm

markets. The question asked was whether alternative market design and trading mechanisms
could contribute to a more efficient market in general, and in particular a more efficient
interaction of the two sheterm delivery markis. Before turning to the discussion of
alternative trading mechanisms, let us however review some of the perceived problems. Hope,
Rud and Singh (1993b) evaluated the current functioning of the markets, and suggested two
sources of inefficiency which wetbought to be attributed to features of the chosen trading

mechanism:

- The interface between the daily market and the regulation power mdtigtre 6
illustrates the timing between the daily market and the regulation power market. Orders
to the daily maket had to be placed before 1200 hours the day before delivery. Shortly
after, the daily market was cleared. Delivery on the spot contracts occ@& Haurs
later. After spot market clearing, any necessary adjustments in consumption and

production are iprinciple assigned to the regulation power market.

12.00 1930  00.00 24.00
1 [l 3 |
) 1 | ! g
T J T SE | L T J
Submission of Market Submission Delivery. Market clearing of regulation , , Settlement of
orderstothe clearing  of orders market, i.e. adjustment of power flow payments
daily market  daily to regulation by order of grid control.
market  market
Figure 6 The sequence of events indhdy marketand theregulation power market

One concern was here whether the time lag itself between the clearing of the daily market

and delivery could contribute to the enhanced volume of the regulation power.narket
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the 1236 hours from spot market clearing to delivery, the market receives new
information, e.g. on temperature and rainfall. The equilibrium contract obligations of the
daily market however stand firm. The participants have no possibility to uradkertany
desired contract adjustments to adjust for this new information in production plans or
consumption plans. Any deviations, unplanresiwell as any planned discrepancies due

to new informationwill thus all be handled and registered as deviatinrike regulation
power market. Compared to a situation with betterdaiesery adjustment possibilities

this setup was assessed as a factor that possibly contributed to amplifying the level of
deviations between the actual load and contractual loabttamnhancing the trading

volume of the regulation power market.

Note also thatn allocating their trade among the shi@itm markets, the participants
compare prices, costs of trading, as well as possibilities of strategic bidding in the daily
market vesus the regulation power market. A concern was here whether there were other
features of the current trading design that gave the participants incentives to canalize
more trade to the regulation power market, i.e. by willfully causing deviations and this
way offering capacity in the regulation power market rather in the spot market. The basic
question was whether there were isssegh as features of the trading mechanisms, the
timing of markets, or differences in market admittamda@ich promoted such gentives.

- Market information from the current trading mechanisifhe spot price conveys
information on the market value of the commodity. In an efficient power market the spot
price reflects the value of power in alternative ,use well as the cost of splying
additional power on the margin. For hygyower plants the main sheadrm marginal
cost is not a cashased cost, but rather theater valug which is the alternative cost of
water. For the individual power plant, this value partly follows froonditions of the
plant itself, and partly from the expected future market conditions. The spot price conveys
i nformation on the marketds aggregate asse:
the expected future value of water. As sutie spot pce is an important input to the
production decisions of the individual producers. In this the spot price also plays an
important role in coordinating the production decisions of different producers. We note
that trading mechanism of the daily market réveghe resulting equilibrium price and
quantity, but offers no information during the process of market clearing. At the time of
trading, i.e. when submitting bids, the available market data is mgiagn by the

previous spot prices. Different designstioé trading mechanism malyowever convey
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different levels of information during the process of trading. The question now asked was
whether changes in trading mechanismas policies of information disclosure might

improve the informational content ofipgesand alsahe efficiency of resource allocation.

On this basis, our question was whether alternative trading mechanisms could contribute to

improved efficiency in the sheterm power markets.

2.3 Alternative Trading Mechanisms

The trading mechanissrof the shorterm markets were an adaptation of the mechanism used

in the former market for occasional power. In the initial st@rtphase the use of a well

known mechanism might have had beneficial effects on the liquidity of the spot market.
However,i n t he early 19906s the | iquidity was
trading volume of the regulation power markeas possibly tochigh. The question now

raised was whether alternative trading mechanisms could improve the efficiency of the spot
market, and offer better price discovery, lower explicit and implicit transaction*%cets!

confine the markets to their specialized functions of respectively-srort planned loads

versus reatime adjustments.

Several adjustments were consider@dr focus was mainly on the pricing mechanism, the
number and frequency of auctions, and the dissemination of information through the trading
system. We considered that several of the alternative designs for trading mechanisms
potentially could have contrilted toenhance market efficiencgrovided a starting point of a

more mature and liquid market. For examg increasing the auctions of the daily market
from one to two, the participant®uld earn more flexibility in constructing their portfolio of
planned shorterm contracts, antgbntativelyminimize the deviation volume of the regulation
power marketHowever, we perceived that in a market with an initially low liquidihg

danger was thaduch amarket segmentatioan the contrarywould lower liquidity in both
markets. Based on our analysis, which was qualitative and preliminary in natuherefere

did not recommend any of the considered adjustments for the daily market or regulation

“® Note that the efficiency of a market place is closely related to the liquidity and transaction costs of
the market. Trading costs on one hand includding charges, which in turn reflect the efficiency and
liquidity of the exchange. On the other hand trading costs include the costs of the participants in e.g.
bidding, seeking information, etc. The hypothetical frictionless market with no transaction costs is in
theory the most efficient market, and also the maskebaximum liquidity. To see this, note that the
existence of transaction costs will shift supply and demand curves, and result in lower trading
volumes, and hence lower liquidity. Market restructuring that implies lower transaction costs may thus
contritute to enhance liquidity as well as efficiency
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power market to be carried out at the time due to the dupeor liquidity. The basic
encountered problem was th#tough several arguments indicated that the considered
alternative mechanismeould be efficient in a more liquid markeat) all likelihood the
mechanismsvould behave poorly gen a starting point ba relatively thin market. The
fundamental question was howdohieve the transition to thmore liquid spot market. This,
however, was left as an open question. Below we refer some of the main arguments of our

preliminary study of the mechanisms.

Periodic versus Continuous Trading Mechanisms

Both trading mechanisms were periodic and cdferen. An alternative considered was
whether a continuous mechanism could contribute to a more efficient market in terms of
better price discovery and lower transagsiocosts. In a continuous mechanism market
clearing takes place during a defined time period, which in principle can be extended close up
to the time of delivery. Within this period buyers and sellers submit their orders, in the form
of a desired buy or Bequantity at a given price. In an ordériven continuousauction
contracts are cleared as soon as a corresponding order is submitted. In -drigeote
continuousmechanism market makerdurther provide extra liquidity by quoting binding
buying and sking offers on which the buyer or seller immediately can close the contract. In
both these forms of continuous mechanisms the contracts would thus be consecutively entered
into. The contracts can thus be characterized as sequence of bilateral tranaagtimssly

different prices.

By utilizing a continuous mechanism market participants receive market information on
trading volumes and the prices of the consecutively concluded cofitratith an extended
trading period starting early and reaching elagp to the time of delivery, the mechanism also
offers the opportunity to adjust and tailor shirtm contract positions to any new
information received close up to delivery. In this way the continuous auction might contribute
to less deviationsand thus a lower regulation power market volume. A further effect is
related to the differences iéwaiting cost&@ The continuous auction provides immediate
trading, whereas the traders in a periodic auction must wait untspeafied times for
market clearig and execution of orders. That is, in a periodic auction, the trader faces the risk

of changes in the value of a commodity between the time he submits his bid, and the time the

*"The issue of sealed versus open auctions is discussed below. If the continuous auction in addition is
implemented as an open auction, the information disseminated to the market would also include
information from the order book.
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trade is completed. If there is a rapid inflow of new information, waiting lbeagostly. This

waiting cost is minimized in a continuous price mechanism.

For the daily market, we found that several arguments seemed to favor a continued use of a
period, ordedriven trading mechanism. Firstly, since orders are stored for a singketmar
clearing, the thickness of the market is larger in periodic than in continuous auctions. As such
the order volume underlying the equilibrium market clearing price will be larger, and to a
larger extent represent thlirued underlying value of the commddy. In the daily market

where a larger trading volume was to be desired, a perceived problem of the continuous
mechanism was the potentially thinner liquidity associated with a virtually more segmented
market. Secondly, there are several indicatitreg a continuous mechanism might incur
larger transaction costs the context of the daily markdt. t i's probable that
costs of administering auctions and communicating information may rise if the trading
mechanism is made continuous. Withtartng point of a relatively low liquidity, this would

imply higher average exchanbased trading coéts It is also probable that the participant
generated transaction costs of bidding might be larger given a continuous mechanism. This
cost may be sulmtial, as trading in this physical market normally is on a daily basis, often

in all the daily contracts. Thirdly, there is the question of how the methods of congestion
management should be implemented in such a market setting.

Given the current liquidit and maturity of the market, the periodic, orderen auction was

still recommended used in the daily market at the time. Due to the nature of the regulation
power market, where bids by nature have to be stored for merit order selectiontimeeal

the continued use of the periodic ordliven auction was also recommended.

Timing and Frequency of Auctions

Given the continued reliance on a periodic ofio@sed trading mechanism for both the short

term markets, the question still remained to what detireemissing opportunity to adjust

spot obligations from the time of market clearing to delivery, contributed to larger deviations
than necessary. The daily market was in the current setting cleared once a day, while the
regulation power market was cleareédring delivery on the basis of the bids submitted the
previous day. The question here is whether changes in the timing of auctions, as well as in the

number of auctions per day could contribute to greater efficiency.

“In the case of a quotdriven mechanism it was also likely that the large inherent risks for market
makers in the lowolume daily market would imply high bigisk spreads.
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A simple alternative would be to mottee market clearing of the daily market nearer the time
of delivery. Consider a scenario where the flow of new information is high and volatile in this
12-36 hour period from market clearing to delivery. If market cleariagealoser to delivery,
prices and the resulting allocation of power would then be based on more updated
information, and possibly contribute to minimize deviations and thus the trading volume of
the regulation power market. If the information flow in the period is low, however, thet eff

of this change would be rather minimal. This closer time span between spot market clearing
and delivery might in principle also contribute to redggossibilities for strategic bidding
based on differences in market admittance in the two marketslleBriraders might
however in this setting be prevented from trading, for example if the new market clearing
was to occur after normal office houmnd thus give rise to extra costs in following up
contract obligations. To conclude on this alternatin@yever, a closer analysis of benefits, as

well as oftheconsequences for the individual groups of traders in the markets was called for.

To offer larger flexibility, we also considered the alternative of introducing a second market
clearing in the dailynarket, with the second auction nearer the time of delivery. This would
enable participants both to enter into contracts in normal trading hours as before, and to be
able to act upon any new information closer to the time of delivery, and by this possibly
reduce deviations and the volume of the regulation power market. This advantage must
however be balanced against increased exchange costs due to a second auction, as well as
increased costs of providing an information systiiing the requirements ofhé near
delivery market clearing. Other possible effects must also be considered: With a starting point
of rather low trading volume, there was the danger that both auctions would exhibit even
thinner liquidity. The splitting of the daily market into twacsions could also potentially

open for strategic bidding, especially if some groups of traders for some reason confined their
trading to only one of the two auctions. The method of congestion management is also an
open question in this setting. Based be preliminary investigation and discussion of the
subject, it was concluded that it was doubtful that the potential benefits of trading nearer the
delivery period at the timith an initial poor liquiditywould outweigh the increased costs

and disadvantges a more segmented market.

Sealed or Open Auction
I nformation on the marketds val ua ttanwarket o f po
participants in deciding on theawwn consumption and production strategies. In a hydro power

system the marketaluation of power is a particularly essential input for the producer in
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determiningthe dvater valué of his resources. Better information on market values may in
principle improve intetemporal production strategies. The issue here was whether
adjustmers t hat eased the traderé6és access to the

could contribute to a more efficient market.

As we have seen,elter information from the trading process may for example follow
implicitly from the choice of trading meéanism. Confer here the above discussion on the
continuous mechanism, or on increasing the number of auctese both these alternatives
would have offered more information from the trading process. Our focus héenisver

on alternatives relate tthe order book. The market mechanism of the daily market was
sealed and provided no information on the underlying orders. In principle an open auction
format could be employed. In an open auction the depth of the order book is revealed. By
observing thesaluation of others, traders obtain information relevant for their own valuation,

in principle enabling better forecasts of the resulting price and volume, and making it possible
for the participants to adjust their bids to new information. Further, as ayp&ions tend to
reduce the informed tradersé ability to hid

informed traders by the better informed traders may be avoided.

The disadvantages of opening the auction might in principle also be seyéoe exampleif

it makes the market more vulnerable to collusion. With a market structure characterized by
partly dominating market actors and a potential threat of collusions, this argument seemed
relevant for the electricity market. Administrative exchamgsts may also increase, as open
auctions may warrant an improved information system for conveying the information to the
users. A further argument in favor of sealed auctions is to avoid the possibility of higher
volatility following excessive revaluath based on the endogenously generated information

derived from the order flow in the open auction.

A further issue to be considered was whether the potential benefit of this information actually
will be significant in the electricity market. Comparedotber marketswhere bids often are

single pricequantity bids, the implemented bid structure of the stewrh electricity markets

is special. Here the participants submit their bids through demand and supply curves, i.e. a
vector of quantity bids that ercontingent on the equilibrium price. This ensures that the
cleared contracts are in accordance with their preferemdesever the price may be, and

thus contributes to avoiding costly errors in predicting the prices. Moreover, as the markets
are cleard daily, and a large part of the inherent uncertainty of the market is related to the

longerterm aspects of the seasonal and annual supply of water, the daily published market
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data might in fact to a large extent provide the necessary input to formisgneption and
production strategies.

The recommendations from our preliminary discussions thus leaned towards the continued
use of a sealed auction, supplemented by the publishing of aggregated market data after
market clearing. This conclusion applied tottb the daily market and the regulation power
market. However, as several of the above noted advantages as well as disadvantages of an
open order book in the daily market seemed relevant, a further investigation was deemed

necessary for a final conclusion.

Integrated or Unbundled Short-Term Markets

A completely different organization of the sh&etm markets is given by the integrated
electricity market systems. The Norwegian shierin markets for power represent an
unbundled market system where energy srattime adjustment capacity are unbundled into
separately priced commodities in a sequence of separate markets. This is in contrast to
integrated systems, which may be characterized @snarb market based on the overall
optimization of gains from &de, subject to system constratithe typical design includes a
day-ahead optimization of generation, transmission and reserves resulting in indicative plans
to be reoptimized howahead and in redaime operations. Pricing and settlements, are
however based on the redéiime, systerrwide nodal differentiated opportunity costs (shadow
prices). As an integrated market virtually is cleared-tiea, there are no deviations, and thus

no need for a special market for handling deviations.

For the Norwegiarelectricity market, this system wasowever not considered a relevant
alternative. The unbundled market setting had proved a viable alternative for the Norwegian
system which was founded a more dispersed market structure, and on completely different
underlying production technologieswith a large ability and capacity for momentary
adjustment.A basic feature of the Norwegian unbundled system is an emphasis on the
efficiency gains from the incentives inherent in a competitive market, where demand as well
as supply compete and adapt to competitively formed market prices. The Norwegian system
also allowed physical bilateral trading alongside the organized markets, giving the
participants flexibility as to the means of trading, and the power exchanges itomaet

incentives foprovidingan efficient market place.

9 See Wilson (2002) for a discussion on integrated vensbsndled electricity systems.
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With an adherence to the principle of an unbundled market, the principle organization of the
shortterm market in the separate marketsth a dayahead spot market and a deviation
market stoodfirm. In the above sections we have considered alternative trading mechanisms
within this basic unbundled framework in the current skemwn markets. Equally important

are the implied incentives of the trading mechanisms and pricing principles. Thizewile

topic of the following section, as well as in chapter 4 which considers the alternative of a two

tier price structure for adjustment capacity.

However, before proceeding to these topidsyseconclude this section by briefly considering

an earlie sketch of the possibilitpf a more integrated, but still unbundled structure of the
spot and the deviation market. The basic idea was here to integrate spot market clearing and
adjustment capacity bidding. An example of such a structure would be ray sgktere the
bidding procedure of the regulation power mankess replaced byand implementedas a
closing procedure within the damhead auction. The idea was that the marginal bids of
technically reatime flexible traders in the daghead market coulgrovide the basis for
regulation power market offers, which could follow either directly by a functional
transformation’. As for the reatime selection procedure by the grid control, priority based

on merit order could be employed as before. Benefitshe more integrated and less
segmented sheterm market would potentially follow from lower costs of trading, less room
for strategic bidding due to market power or asymmetric information, and from higher
liquidity in general. The efficiency of suchnaarket system is on one hand highly contingent

on the extent of such benefits. On the other hand, the efficiency of this structure rests on
whether the marginal spot market etyead bids (by redime flexible participants) are
relevant estimates (or meneral related by a given functional transformation) of thetireal

adjustment costs. Waowever, lefthis as an open questiarhich was not further analyzed.

2.4 The Incentives of the Regulation Power Market and the Daily Market

Our focus in this chater has been on the efficiency in the sttertn markets for electricity.
While the previous section focused on efficiency issues of the trading mechanism in the
market clearing and price discovery process, an equally important issue for the efficiency of

shortterm marketsvaswhether the chosen mechanisms prodittee necessary incentives to

% Requirements would also be that electricity traders who signal participation are able to follow
technical requirements.
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induce efficiency in the shoerun, as well as in the longun. Further discussersues related
to the incentives of the sheigrm marketsverethe following:

- Incentives for trade in the daily market versus trade in the regulation power mérket
principle the two short term markets fill different functions, with the daily market (i.e.
the dayahead spot market) as the core shemn market, and the regulation paw
market as a residual market for handling and pricing deviations. An important question
in relation to the interaction of the two markesswhether the chosen market design
in fact induces incentives to avoid deviations, and to use the daily martket amin

organized market faheshortterm planned allocation of electricity.

- Incentives for offering demarzhsed adjustment capacity in the regulation power
market: Efficient realtime balancing is contingent on that the market induces the use
of the nost efficient adjustment capacity. In principle, both +teak adjustable
production capacityas well as realime adjustable consumptipmay be employed to
meet forthcoming imbalances. At the time only generation plants were represented as
active adjusment capacity in the regulation power market. To ensure overall
efficiency, this calls for arrangements where all technically capable adjustment

capacity, including consumption, is represented in the market.

- Incentives for offering sufficient adjustmeipacity in the regulation power market:
On offering capacity to the regulation power market, the capacity holders submit bids
stating the required compensation for activating capacity. In submitting the bid, the
capacity holder is required to hold capgcieady for load adjustment during the
period in question. The capacity holder receives the regulptrer price if called
upon to adjust his load. If not activated, the capacity holder receives no remuneration.
As such the regulation power market emglayonetier price. In relation to shoterm
efficiency, an important question is whether this compensation and price structure
succeeds in attracting sufficient amounts of adjustment capacity to the naetten (
particular the capacity which is most fefient in use). And, though the implied
incentives may suffice under normal circumstances, a further question is whether the

structure induces the adequate amount in times of scarcity.

- Incentives for investments in adjustment capa€itgsely related téhe above issue is

the question of whether the otier price system employed in the regulation power
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market provides sufficient incentives for investments in this form of secondary

regulation capacity, as well as in other ancillary services.

In the remaning part of thissection our focus will be the first of these issues, thabrs
market incentives with respect to the resulting interaction of the daily market and the
regulation power market. An issue here is whether the market structure gives ithpgpdst
incentives to truthfully bid their planned delivery in the daily market, or whether there are
incentives for an implicit trade in the regulation power market. The twarlastioned issues

above covering alternative price structures and ancilaryices are covered in chapter 4.

2.4.1 The Incentives of Trade in the Daily Market versus the Regulation Power Market

A liquid and weltfunctioning spot market for deghead planned transactions is crucial to the
overall efficiency in the unbundled elactty market. The prime function of the regulation
power market is limited to supply capacity on short notice to handle deviations between the
actual and contractual power load. The incentives implied by the market structure should thus
support this divien of functions. Properly organized, traders should not expect to gain by
consciously holding back volume from the daily market in order to trade in the regulation
power market. Deviations should be caused solely by eergrslue to production defaults

and unforeseen changes in the need for electricity.

To discuss the incentives and interaction of the two markets, we need to distinguish between
two sets of participants in the regulation power market. On onewsa&dave the capacity
holders who place #ir capacity at the disposal of the coordinator, and who on dointay

be ordered to activate their capacioym which they earn the adjustment price. On the other
side we have the remaining market participants who unannounced induce deviations for
which they have to pay the costs of adjustment. A given producer or consumer of electricity
may thus virtually sell or buy his electricity either in the spot market or in the adjustment
market. The latter is done simply by deviating from the contractual lgacbhsuming or
producing a different amount of electricity than agreed upon in the spot and forward markets.
In principle a producer or consumer would sell (buy) electricity in either the spot market or
the adjustment market, depending upon which markktbes the highest (lowest) market
price. If the adjustment price is expected to be higher (lower) than the spot price, a risk neutral
market participant would therefore prefer to sell (buy) electricity in the adjustment market,
rather than in the spot mieet.
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The description and numerical example of the clearing mechanism of the regulation power
market in section 2.1.2 indicates that the regulation price witligjeer than the spot price if

the realized load ikigherthan the contractual lodd Correspadingly, if the realized load is

lower than the contractual load, the regulation price willldnger than the spot price. The
consequence is that the consumer or producer that contributes to the general trend of
deviation, would have been better off is lreed undertaken the corresponding transaction in
the spot market. For example, a consymweno enhances the overall net deviation by
contributing to a higher realized load than contracnglll have to pay the regulation price for

the extra quantity, wherde regulation price is higher than the spot price. In accordance with
this incentive structure of the two markets, we thus would expect that electricity traders do not

plan to trade in the regulation power market.

There mayhowever, be situations wherersumers and producers would have the incentive

to trade actively in the regulation power market:

- Different cost structureif the effective trading commission in the spot market is
higher than the commission in the regulation power market, then it ceuwgdthmal to

consciously trade some electricity in the regulation power market.

- Private information:Traders who can predict the total deviation better than the market
might exploit their knowledge by arbitrage between the-a®sad and the deviation
markd. For example, let us assume that a producer knows that the actual net
consumption will be higher than the contracted net consumption, and thus that the
system operator will have to increase production-tieed. In this case the producer
will wish tooffer less production in the dahead market, and produce more than the
contractual load in the regulation power market, there by contributing to a lower
deviation, and being paid the regulation power price which is higher than the spot

price.

-  Different comptitive pressureDifferences in the competitive pressure of the two
markets might lead to situations where, for instance, producers prefer to trade in the

regulation power market.

*! These conclusions are contingent on the strategy of bidding used in the example. This employed
stratey implies that the active capacity holders require a price higher than the announced equilibrium
spot price to sell in the regulation power market, and a price lower than the announced spot price to
buy in the regulation power market. We find this assuompto be reasonable. See also the empirical
test referred to below.
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In conclusion the dayahead and deviation market auctions should be emtstt so that

traders have an incentive to trade in the-dagad market rather than in the deviation market.
In the absence of special asymmetrisgch as differences in trading costs, differential
information, or different competitive pressure, the abtading mechanism appears to adhere

to this principle.

An empirical study on the subject is carried out in Knivsfla and Rud (1997) where the
relationship between the then NorwegBwedish spot market for electricity and the
Norwegianregulation powemarket is studied. Based on a large set of observations from
Nord Pool, the integrated Norwegig®wedish electricity mark& strong support was found

for the following relationship: A positive load deviation, i.e. where the actual load is higher
than the ttal contracted load, as expected led to an adjustment price that was higher than the
spot price. Symmetrically, a negative load deviation, i.e. where the actual load is lower than
the total contracted load, led to an adjustment price that was lower thapdhprice. The
implication is that it is not cheaper for ordinary traders to buy and sell in the adjustment
market rather than in the spot market. The traders who enhance the net deviation thus had to
pay a premium relative to the spot price, by buyisglling) the adjustment load at a higher
(lower) price than the spot price. This premium is the compens@tithe capacity holders

who have to adjust the power load on short notice, thus giving compensation for the energy
supplied, the extra costs of jasting rapidly, as well as for holding spare capacity to

accomplish the adjustments.

It was also hypothesized that the spot electricity price, if properly anticipated, was an
unbiased estimate of the adjustment price of electricity at the time of theusgan. By

simply comparing the means of the two price series, this hypothesis could not be rejected.
This means that the adjustment price premium was considered as noise at the time of the spot
auction.In analyzing the volatility of spot and adjustmeprices, it was also found that the
volatility of the spot price was less than the volatility of the adjustment price at the time of

delivery.

As for the adjustment load, we expected that the total actualloaldl equal the contractual
load plus a noiségerm with zero expectation and some variance. This means that the

adjustment load is considered as noise at the time of the spot auction, i.e. as unexpected

2 The data set consisted of hourly observations of the spot price, the contractual spot load, the
adjustment price, the adjustment load, and the total load of the period of Januarytt E8B6uary

28 1997, in total 10200 hours. In all the series except the total load, there are missing observations, so
that the actual sample varies from 8406 to 10200 observations.
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changes in the expected load from the time of the spot auction to the time of realization. On
the lasis of the empirical tests, this was confirmed as it was found that the mean of the

adjustment load was not significantly different from zero.

2.5 The Short-Term PhysicalMarkets of Today

Today the physical daghead spot market, Elspot, may be said teehdeveloped into a
cornerstone of Nordic power trading. Elspot covers Norway, Sweden, Finland, Denmark, and
in addition also the KONTEK ar&a Almost 70 % of the total power consumption in the
Nordic countries was in 2007 traded on Elspot, and its sygtece is the underlying
reference price for Nord Pool s financi al p C
market in the Nordic region. The regulation power market, operated by Statnett, is still a
market for handling redime deviations. Whé the framework of the spot market and the
regulation power market to a large extent still is in accordance with the original framework,
the markets have continually been refined. In addition the Elbas market now provides the
possibility of intraday tradhg 24 hours a day, in the other Nordic countries and Germany,
and is planned to open for trade in Norway in 2009. Below we will briefly account for some

of the changes in market design in the shemn physical markets

Elspot

As a licensed exchange, tB#spot market has continuously improved e.g. rules of trading,
membership structure, informational services, market conduct rules, market surveillance,
implemented electronic trading, etc. With our focus on the central trading mechanism, we find

that themarket still is cleared by means of the same sealed, period auction, where the
equilibrium prices follow from the aggregate bids and offers from all market participants.
Hourly contracts are traded dai-hoyrpdroa.rAs physi
such the trading horizon is as before, i.e362hours ahead. In an integrated Nordic market,

now comprising a large variety of production technologies, allowable bidding formats have,
however, been extended. In addition to the normal hourly thdshidding formats of block

bids and flexible hourly bids have been introduced:

- Hourly bid The hourly bid is the basic type of Elspot market order, similar to the original

bidding format. Each participant selects the range of price steps for the lvidiuadly.

>3 The KONTEK area is the Vattenfall Europe transmission control arearma®g.
** Sources: The information on the current (per summer 2008) system is mainly found on the websites
of Statnett (www.statnett.no), and Nord Pool (www.nordpool.com).
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The bid may consist of up to 62 price steps in addition to the ceiling and floor price limits
set by Nord Pool Spot. As before, Nord Pool Spot makes a linear interpolation of volumes

between each adjacent pair of submitted price steps.

- Block bid The block bid format was introduced in 1999, and is meant to be useful in cases
where the cost of starting and stopping power production is high, or in the case of
inflexible production and consumption. The block bid gives the participant the
opportunityto set ané@ll or nothing condition for all the hours within the block. The
block bid is an aggregated bid for several hours, with a fixed price and volume throughout
these hours. The block bid must be accepted in its entirety, if accepted at all, thethis
block bid price is compared to the average Elspot price for the hours to which the block
bid applies. The block bid is accepted if the bid price of a sales (purchase) block is lower
(higher) than the average Elspot area price. It is also possilalefitee links between
block bids, meaning that the evaluation and acceptance of one block bid is dependent

upon the acceptance of another block bid.

- Flexible hourly bid The flexible hourly bid is a sales bid for a single hour with a fixed
price and volumeThe hour is not specified, but instead the bid will be accepted in the
hour with the highest price, given that the price is higher than the limit set in the bid. This
type of bid is for example meant to give companies with power intensive consumption the
ability to sell back power to the spot market, by closing down industrial process for the
hour in question. As such, the flexible hourly bid is meant to help the market in strained

power load situations leading to very high prices.

It should be noted, tham principle, the handling of these different bid formats in clearing a
congested market is not straightforward, and raise a long range of efficiency issues as to

different specific methods of clearing the market based on these bids.

Regulation Power Market

The regulation power market is a tool to keep the balance between total generation and
consumption of power in real time. Up till today, the main principles of the trading
mechanism for clearing the regulation power market are mainly similar to thesebdd

above. Active participants subnpteliminary bids by2000 for the following day (24 hour
period), and may adjust or submit new bids up to 45 minutes before the delivery hour in
guestion.In real time the capacity is accepted on the basis of meldtr, though technical or

geographical considerations may, as before, override the selection.
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In our early work referred to above, we noted several issues of concern as to confining the
regulation market as a market for handling imbalances. We hersew@el measures of the
current market organization seem to some extent to relieve this concern. Note for example the

following:

Incentives foiTrade in Elspot versuBeviations over th&®egulationPowerMarket:
As to the direct incentives to avoid dewmss, several measures seem to have strengthened

these incentives:

- First of all, to trade at Elspot the participant has to sign the Participant Agreement, as
well as the Balance Agreement with Statnett (Norwegian participants). Both compel
the participanto implement production, consumption and trading plans that balance,
and to use the bidding at Nord Pool to achieve balance between energy inflow and

energy demand in each Elspot area.

- Secondly, the bidding rules require that the regulation power bidssesg a premium
in relation to the Elspot price: The lowest allowable bidding price for sales of
regulated power (increased production or reduced consumpetion) is set to 5 NOK
above the area price of Elspot, while the highest allowable bidding pricéndor t
purchase of regulated power (reduced production or increased consumption) is set to 5

NOK below the relevant area price of Elspot.

- Thirdly, even stronger incentives for balance may follow by the planned
implementation (January 1 2009) of new rules docloser harmonization of Nordic
pricing and settlement of imbalang&sThe balance account of all balance responsible
entities will now in short be separated into two separate balance accounts: the
production balanceomprising all production the entitg responsible for, and which
represents the produc e rcorsumgianshalanesehichi mb al a
comprises consumption and trade. Consumption imbalances will, as previously in
Norway, be settled by the regulation power price-(ffEe) only, i.e in a oneprice
system. Production imbalances will be settled by apvce system, with the RP
price for i mbal ances that enhance the sy
imbalances that have alleviated the system imbalance. The settlemenianeiles

summarized in table 5. In short, with the tmace system for production imbalances,

> See the implementation document on ww®t at net t . n o: NorSiskaharmaisert (200
bal anseavregning. Endel i g | mpl eme fheeveh siegasb e s kr i
contains several papers on the subject.
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a passive imbalance is priced to the less profitable price of thwigdand the Elspot

price, meaning to give the producers an even stronger incentive to plan thei

dispositions in balance.

(= actual productioii planned production +

Up- Down-
Imbalance | regulation regulation
hours hours
; 3
Production balance Negative | RP-price (up) | Elspot price

actual trade + actively activated regulation pow

actively activated regulation power) Positive Elspot price RP-price (down)
: 7
Consumption balance Negative | RP-price (up) | RP-price (down)
(= planned production + actual consumptio
Positive RP-price (up) | RP-price (down)

Table 5 Nordic harmonized balance s&tient

Incentives for Offering Adjustment Capacity in the Regulation Power Market in the Short and

Long Run:

The above measures also to some extent contribute to cementing a premium for the active

regulation power market participant. However, as will iIseussed in chapter 4, this may not

suffice to attract sufficient capacity. In the concluding section of chapter 4, we will see that

further measures have been instituted that give more incentives for the short as well as the

long run supply of such adjusent capacity.

Incentives andpportunities for theJse ofRealTime DemandBasedAdjustmentCapacity:

Flexible demand offering shetrm adjustments is now able to participate as an active

participant in the regulation power market.

* Note that in upregulation hours we have Rffice > Elspot price. In dowregulation hours we have

RP-price<E|l spot price.

| f

t he

producer 6s i

mb a |

ance

been too low, causing him passively to buy regulation power to meet his obligations. If this is the case,

and if the regulation power market as a whole igagulated, he has to pay the RiFice, which is

higher than the Elspot price. If the regulation power market as a whole isrdgulated, he has to
(Li kewi se, i
positive,this means that his net production has been too high, causing him passively to sell regulation
power to meet his obligations. If this is the case, and if the regulation power market as a whole is up
regulated, he receives the Elspot price, which is laivan the RFprice. If the regulation power
market as a whole is dowegulated, he receives the {gRce which is lower than the Elspot price)
" As a convention, consumption and sales are denoted as negative numbers, while production and
purchases are deted as positive numbers. Purchases and sales are moreover defined from the point
of view of the balance entity. A negative imbalance implies that the balance entity buys regulation
power, and a positive imbalance implies that the balance entity sellatregydower.

pay the Elspot price which now is higher than thegRPi c e .

f
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Elbas

While the Elspt market closes 136 hours prior to delivery, the participants, however,
continually receive new information in this period which affects optimal, as well as possible
plans. As we noted above in section 2.2, this time span may in itself cause furthl@nieb.

The above measures, including the new-psice balance settlement for production, give
participants even stronger incentives to plan their dispositions in balance, stating a need of a

planned adjustment market.

Such an intraday market, Elbas, as launched as a separate market for power balance
adjustment in Finland and Sweden 1999, and operated by the wholly owned Nord Pool Spot
subsidiary, Nord Pool Finland OY. It opened for trade in Denmark in 2004 and 2007, and is
planned to be opened for deby Norwegian participants in 2009.

Elbas is a physical (préelivery) balance adjustment market. The Elbas market is ardayra
market where you can buy or sell your imbalances up until one hour before the delivery hour.
The Elbas market thus enabtesde with contracts that lead to physical delivery for the hours
that have been traded on the Elspot market, and that are more than one hour from delivery.
The Elbas Market is open around the clock every day of the year. For each and every hour of
the day one power hour contract is quoted. Elbas operates with a continuous trading

mechanism, with market makers to enhance the liquidity of the market.
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3 A Futures Market for Electricity

Inflexible and normarket based trading systems were identified asagormsource of
inefficiency in the former market regime. The recommendation of the SAF reform project in
1988/89 was to establish formal organized power markets, with a spot market feeshort
allocation, and a futures market to provide instrumentsgkrmanagement. The introduction

of a futures market for electricity was at the time a novel proposal in the electricity industry.
Parallel to the market reform development in Norway, there uegken initiatives for
establishing a futures market in eledgty in England. The first attempt by London Fox in
1990 was for various reasons not successful and was rejected. In October 1991, an OTC
market, the market focElectricity Forward Agreemeniisvas established, with GNI Ltd.
selected as the initial brokéor the EFA markéf. The first Norwegian organized forward
market, the weekly market, started to operate in November 1992. With no clearing house,
mark-to-market or margin payment arrangements, the market was a market for standardized
bilateral forward ontracts, and in this respect more a forerunner for thdlédged futures

market to come.

The focus of this chapter is on the early development of the futures market in Norway. In the
first stage towards a Norwegian futures market for electricity we festly concerned with

issue of the suitability of electricity as a commodity for futures trading. This is the topic of
section 3.1. Secondly, focus was on issues of how a futures market for electricity should be
organized as with respect to institutibisatup, microstructure design, and contract design.
This is the topic of section 3.2 which also includes a description of the first organized forward
market, the weekly market. These sections are based on several papers written prior to the
establishmentof the Norwegian electricity market, i.e. Rud (1989b), Rud (1990a), Rud
(1990b), Rud (1990c), Hope, Rud and Singh (1992), as well as on several unpublished notes
on the subject in the years of 199994. Section 3.3 follows with an appraisal o thitial

1992 market organization, and is based on Rud (1992), Hope, Rud and Singh (1993b),
Knivsfla and Rud (1995a), and Knivsfla and Rud (1995b). Section 3.4 concludes by providing

a brief description of the curreatganizeduturesand forwardmarketfor eledricity.

*8 Though this also was an organized forward market for electricity, it must be noted that there were
several differences between the Norwegian and the English market that had implications for a
fundamentally different design of hedging marketdNorway. This was related both to the overall
organization of the electricity markets, the market structure of participants, and in differences in
fundamentals affecting prices and price volatility.
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3.1 The Rationale for a Futures Market

While a core issue of th8AF reform projectwas to establish a spot market and a futures
market as the maimrganizedmarkets for trading energy, the electricity futures market
represented a rather exoticea There were at the time no other Norwegian commodity
futures markefS, nor were there any futures markets for electricity in atinercountry. The
Norwegian electricity sector thus had limited experience on the functions and working of a
futures marketAs such one role of our initial work on the subjectasids the industry was

also to motivate and describe how a futures market for electricity presumably could be a tool
for risk management. A more fundamental issue was related to the potentialeviragia

viable futures market for electricity in the Norway, given the characteristics of the
commodity, the inherent risk and uncertainty of the spot market, and the new market
structure. Section 3.1.1 briefly comments on the fundamentals of risk ilNNdheegian
electricity market, the need of efficient risk management, and the role of a futures market for
electricity. Section 3.1.2liscussedhe suitability of electricity as a commodity for futures
trading

3.1.1 Riskin the Electricity Market, and theRole of an Electricity Futures Market

The transition to markdtased trade in electricity with an organized spot market contributed
to a more pronounced visualization of the inherent price uncertainty of the market. Electricity
spot prices vary stochastigawithin the day, within the week, within seaspaad from year

to year, howevemwith recognizabledaily, weekly, andseasonal patterns. The uncertainty of
spot prices follows from the stochasticstbé underlyingfundamental demand and supply
factors Important fundamentals of demand,dmr example temperature, the price of other
fuels, business cycles, etc. As to the supply of electricity, the most important factor in a pure

hydro-power system is the availability of energy, i.e. the supply of i¥atat any point of

¥ The listed futures and options market in Norwaytethin 1990, in which the first traded derivatives
where stock options, and options on the OBX stock index. Trading in financial futures was, however,
at the time prohibited. In May 1992, the Ministry of Finance granted permission to commence futures
trading at the exchange. Futures on the OBX were then introduced in September 1992, and
Government bond futures were introduced in June 1993. (Source: Battley, N. ed.T1993) Wor | d 6 s
Futures & Options Markef$robus Publishing Company, Cambridge, England.)

® The importance of the water supply was early accentuated as in Hveding (1968):
predominantly hydro power system it is still necessary for the planning to provide sufficient total plant
capacity to meet the peak load, just as in the thermal sy&etmin addition, the hydro system
presents also an energy problem, which tends to be the overriding one, thus making planning
considerably more complex than that of the thermal system. Whereas fuel for thermal plants can be
bought as required, water supjty a hydro plant cannot be controlled except by storage, carrying
water over from the surplus period to deficit periods. Once drawn down, the storage cannot be
replenished except by the roiff that may or may not occur. The larger the storage volumes,
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time the available amount of water is given by the reservoir levels and the inflow of water, the
latter which follows from precipitation and snewmelting. The inflow of water, which
depends on temperature and weather, is stochastiojaaies greatly from year to year, as
well as within each year. An important challenge of the hydmwer producer is to plan the
inter-temporal allocation of water. This involves estimating when the value of using the
available water is the highest. Hettee market expectations of future inflow and future

demand conditions are important factors that affect spot prices.

For the participants in the electricity market uncertainty is manifested in price risk and

quantity risk:

- Price risk refers to the volatily and uncertainty of spot prices facing the producers,
traders, and end consumers in the future. For hgdweer producers price risk refers to
uncertainselling prices for their production. For engsers price risk refers to uncertain
buying prices forelectricity. The price risk exposure of tradewgho are middlemen
follows from the uncertainty of the price margins of their net trading position.

- Quantity riskarises due to the hydgpo wer producer 6s stochastic

stochastic denma for electricity.

In a highly volatile market riskverse participants would consider to hedge against
uncertainty in accordance with their risk preferences. A futures market offers the possibility
of hedgingpricerisk. Price hedgersuch as buyers drsellers of the commoditwvill thus be

the main group of traders in the futures market. Normally, however, there will be an
imbalance between hedging motivated purchases and sales. ttdelieg by risktaking
participants without positions in the undéng commodity play an important role in
balancing the market and contributing to an efficient allocation and pricing of risk. The main

motives of participants in the futures market may thus be categorized either as

i) hedging motivesvhere producers a@onsumer®f electricityenter futures positions
to reduce the price risk associated with the future price movements of their underlying

positions, or as

i) speculative motivesvhere the main motive is to profit from future movements in
price, and wherdhe futures position does not match any underlying commodity
position. The speculator is thus a trader who enters the futures market in pursuit of

profit, but who as such has to accept risk in the endeavor.

better are the chances that the problem will be mastered at all times, but there is always a certain risk
that deficiencies may occur 6.
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In addition to providing an efficient instrumefdr hedging price risk, it should also be
acknowledged that a liquid and wélinctioning futures market may contribute to the overall

efficiency of a market by fulfilling several roles:

- Risk allocation:The futures market provides hedging facilities. d®eke to a market
purely based on bilateral contracts, a whefictioning futures market provides
flexibility and enables a dynamic risk management. Even more important is that the
futures market provides a markedsed pricing of risk, and efficiently atlates risks
in accordance with the risk preferences of the market participants.

- Informational role:In contrast to a bilaterally negotiated prieehich only reflects
informationheld bythe negotiating parties, the marktetsed futures price reflecs

aggregat®f theinformationheld inthe market.

- Co-ordinational role: Closely linked to the informational role is the implied- co
ordinational role of the futures market in the hygawer electricity market. In a
hydro-power dominated market, where tha@iable production costs to a large extent
follow from the alternative cost of ugirwater, the market participadtexpectations
of future spot prices play an important role in their wt&gnporal allocation of
resourceslin this, futures price contrbuteto align expectations, and thus to aid the

co-ordination of production decisions in the market.

With a highly volatileelectricity spot market anavith risk averse participants, the need of an
efficient instrument for riskallocation was evident. Thestablishment of a futures market
represented an obvious candidate for organizing this function. A basic questjdrowaser

whether electricity would prove a suitable commaodity for futures trading.

3.1.2 Is Electricity a Suitable Commaodity for Futures Trading?

Although efforts were underway in other countries, the development of futures markets for
electricity was at the time still @ew phenomenon, and there was limited experience to draw
on. A basic question was whether electricity as a commoditydmMoe suitable for futures
trading. That is, whether was possible, and probable, that a liquid wieihctioning futures
market for electricity could evolve. Experience with commodities successfully tradetiemn

futures markets indicated that the IéeVing characteristics were common to these

®. The degree of the informational contribution of the futures market also depends upon the chosen
trading mechanismg~or examplejf based on an open auction format, the futures market may in
principle to a larger extent contribute to increased transparency and dissemination of market
information, than if based on a closed auction format.
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commodities: i) product homogeneity, ii) storability, iii) deliverability, iv) the existence of a
viable spot market, v) price variability, and vi) the existence of speculators to take up the
balance of open pdgins. Though these characteristics are by no means neither necessary nor
sufficient conditions for the success of a commodity for futures tréfdittiey provided a
certain guideline for assessing the suitability of electricity for futures trading. Eicts a
commodity which is physically homogeneouasnd where reasonable requirements of
standardization may be met. It is subject to delivery and indirectly storable through the
storage of water or fuels. Furthermore, price uncertainty as manifesteédchrastic spot
prices was considered a major concern for market participants. Thus given that-a well
functioning spot market was in the process of developing,establishment o futures
market for electricity seemed a viable proposition. However,enmfiiese characteristics at

best can give an indication of the suitability of a commodity for futures trading, the ultimate
success depends on a number of other factors. Here futures contract design and the
institutional arrangements for trading the corttege of crucial importance.

3.2 Building Blocks of a Futures Market for Electricity and
a Description of the Weekly Market

The main effort in launching a new futures contract is normally that of designing the futures
contract. With no existing commodifyitures markets in Norway, and thus no appropriate
existing futures exchange system to build upon, the establishment of a futures market for
electricity also called for the design of a suitable institutionalupgtexchange security
system, and market priostructure. In this section we review our discussion on basic elements
of setting up a futures market for electricity, follogy the discussion of eachith a
description ofsolutions chosen ithe first organized forward market, the weekly market.
Secton 3.2.1 comments upon issues of contract design, while section 3.2.2 comments upon

design issues related to the exchange system for futures trading.

3.2.1 The Futures Contract

A well-designed futures contract is vital to the success of the futures tméhee futures
contract is a standardized contract which gives the holder the right as well as the obligation to
buy or sell a specified grade and quantity of a commodity at an agreed price (the futures price)

at a given future point of time (contract naty). The futures contract is standardized in all

%2 For example, the characteits do not explain the development of futures markets forstanable
commodities such as liveeef, fresh eggs, etc., nor ndaliverable futures such as interest rate
options or trading in share price indices.
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details except the price. The majority of participants in a futures market for electricity will be
producers, trading companies, aodnsumersfor which hedging is the main motive for
trading. This has imgrtant implications for contract design: Different alternatives of contract
design have different implications for the resulting correlation betwsefutures price and

the price of theunderlying spot asset, and thus the hedging effectiveness of tlraaton
Furthermore, the success of the market also depends on the resulting liquidity in the contract
and the extent to which the contract contributes to attract hedgers as well as speculators to the
market. Below we will look into fundamental design issoé the electricity futures contract

such as the choice of settlement procedtire,delivery period antength of the contract,

quality and size.

Contract Settlement Procedures

Only a small percentage of all futures contractsramgnally held to maturi. This implies

that the holder of a futures contract normally offsets his position in the contract prior to
maturity. If held to maturity, however, contract obligations are to be settled as specified in the
settlement procedure. It is this mechanism wihiitks the futures price to spot prices, asl
suchplays an important role in causing the prices quoted in the futures market to converge to
the spot prices when approaching maturitiie settlement specificatiathus has important
implications for the ptential hedging effectiveness of the futures contract. There are two

main alternatives for contract settlement; physical deliaed/cash settlement

- Physical deliveryUnder this settlement arrangement the holder of a contract at maturity
has to obligaon to deliver (take delivery of) the commodity if he has a short (long)
position in the futures contract. The commodity is then delivered as specified in the
delivery conditions of the futures contract. Contract design here refers to the specification
of delivery provisionsincluding for instance time of delivery, place of delivery, payment
of transportation fees, quality and possible quality substitutxisting procedures used
in executing spot contractwould thenprovide a good starting point forpgcifying
delivery procedurem the case gphysical settlement adlectricityfutures contracts.

- Cash settlementinder a cash settlement procedure the holder of the contract at maturity
pays (or receives) the difference in value between the contrfatteds price and the spot

price at maturit$’.

® Note that in both cases the contract tmaiso specify the period of delivery/settlement. The spot
price for electricity normally refers to a given hour (or at the time, a bundle of hdhes price
section). This is in many respects too small a period on which to define the underlying cgmmaodit
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The hedging effectiveness of the futures contact is dependent upon the price correlation with
the value of the underlying endowment of the heddée main role of the settlement
procedure is to link the futas price to the spot price and provide an adequate correlation of
spot and futures prices. It ierethe possibility of delivery at maturity,or equivalently the
possibility of cash settlement at maturity which gives incentives for making arbitrage
motivated transactionsand thus causes futures prices to converge to spot pticgsd
markets in turn make such transactions possibla liquid market, the efficiency of a given
hedge is in particular not dependent upon whether the contract is heltutdtypar whether

it is reversed prior to maturity. Moreovef,groperly designed, both settlement procedures
should basically bequallyviable. The efficiency of bth settlement procedures anewever,
contingenton a liquid wellfunctioning and nomanipulative spot marketyhich in turn is

dependent upon, among other things, market design

We considered both cash settlement and physical delivery as viable candidates on which to
basethe settlement procedures for an electricity futures contractinguta literature it was

found that the ability for physical delivery had been important in the early stages of most
commodityfutures market, wite the marketshowever subsequentlgeemed t@volve into a

more mature, and financial marketThe increas use of cash settlement in futures markets
however indicated cash settlement as an interesting alternative. Ex ante it was difficult to
conclude which method of settlement would provide the best correlation and hedging
effectivenessfor the electricityfutures contractAs such the success of any of the two
settlement forms also would follow from the specific choices of settlement design, delivery

conditions or construction of index.

In favor of physical settlement, it was noted that the majority ofigi@ants in the new
futures market probably would be hedgevkich traditionally were used to forward contracts

with physical delivery implying that a physical mode of settlement might induce more

implying that the delivery/settlement period should cover a larger period. For the alternative of
physical delivery, this refers to which hours the electricity is to be supplied if held to maturity. For the
alternative of cash settlement, this refersvtich hourly prices the futures price is settled against. The
issue of the delivery/settlement period is further discussed below.

® Confer e.g. Errera (19849The ability to make and take delivery on a futures contract appears to be
crucial to the earlpuccess of such contracts. In the initial stage of development of a futures contract,
delivery is a much more common occurrence. During this initial phase, futures contracts are used only
as forward pricing mechanisms, and market participants look teefutaarkets as another source of
supply or as another outlet for the sale of unwanted product. This is one of the most attractive features
of futures markets to those unfamiliar with their operation. As markets mature, delivery occurs less
frequently, andthe markets become more financial in nature. A fully mature futures market will
typically experience delivery on |l ess than 3 %
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confidence in the market in the initial phase. A po&rgroblem however arises if a large
group of participants actually use the futures contract for deliv€hys might in turn cause
lower liquidity in the spot market as well as in the futures markdtirther problem of this
settlement fornwasalso elated to the suitability and attractiveness of the futures market for
pure speculators and hedgers from the-@lectricity energy sectors. With physical delivery

as the sole means of settlement at maturity, these participants would in principle bédforced
use the spot market for delivery, offset their position prior to maturity. Failure to attract
speculators to the market may be detrimental to the liquidity and efficiency of the futures
market, and in turn affect the costs of hedging. We were alsoecned whether strategic
bidding in the spot market in the hours of which the futures conwrastettled could be a
problem. This problemrhowever related to both settlement forms, and represented an aspect

for consideration in forming the specifiobthe settlement procedures.

In conclusion we considered both settlement procedures to be viable for the electricity futures
market. As the idea of a futures market was quite novel in the electricity industry, our
preliminary recommendation was that kttent by physical delivery seemed to be the most
viable settlement procedure to manifest trust in the futures market. This recommendation also
followed experiences gained in other futures markets. For the electricity market, a main aspect
would also be tpromote the futures market as a market for hedgingnahds a market for
regular physicablelivery. The ultimate decision on settlement procedure, as well as on the
other details of contract design, shquitebwever follow from a thorough analysis ohe
implications of the overall contract design for trading incentaed the potential hedging
effectiveness.

*
The initial setup of the marketi.e. the weekly market, wdmsed on a settlement procedure

of physical delivery.

Contract Delivery/Settlement Period and Contract Length

The underlying commoditgf the futures contrags defined by the futures contract, normally

in terms of quality, quantity and delivedate, etc. As a commodijtglectricity is a largely
homogeneous, continuously suppliedd not directly storable good. These characteristics
make the contract specification of the time of delif@itlement crucial factor in defining

the underlying commodityThe spot commodity is defined per hour (formerly price section),
thus exhibitinghourly fluctuating spot prices. Considering the nature of the good, an hour is,

for many reasons, too short a time on which to define the electricity a futures contract. Rather,
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we believed he underlying commodity of the electricity futures contralsbutl refer to
energy delivered within a specifiperiod thus defined as a bundle dfourly spot
deliverances. The value of the underlying commodity at maturity thus follows tinem
aggregate spot market value of electricity deliverethnspecified delivy period. In terms
of a per unit price, thper unitsettlement pricenay be interpreted dbe average spot price of
the delivery periotf.

The question encountered in futures design thhaseforehow the delivery period should be
specified to promote aefficient and liquid market. In our discussion we vaiparately
discuss ananake a distinction between the delivery/settlement period on one hand, and the
choice of weekly load profile on the other hand:

- The delivery/settlement periocefers to the timef year covered by the contraets for
example a given week, month, or season, etc. In a fpas@r system price fluctuations
and uncertainty across these periods are largely related to fundamental factors that affect

the net supply oénergy.

- In the toice ofthe intraweekly load-profile focus is however on intraweekly price
variations and uncertainty. Twvariation and uncertainty is contrast largely related to
intra-daily and-weekly variations in demand, and in tbests of meeting load vations
and peakoad.

This distinction in the choice of spot houhsisrelates to different dimensions of the price
risk facing the participants. The focus within this section will be on the delivery/settlement
period, as well as issues related to whadihg in the futures contract begins (i.e. the length
of the futures contract). The aspect of the mieekly price risk and loagrofile

specifications is discussed below as a separate topic.

The choice of the delivery/settlement perisddefined ashe choice of which time periods
within the yearthat are to becovered by each contracand largely refers to uncertainty
related to the value of energgefore proceeding with issues of contract design let us first
provide a brief background insight asrhain patterns aénergyprice uncertainty in the pure

hydro-power markebver time

® In the case of physical settlement on maturity, the delivery perfedsr® the period in which the

energy amount is to be supplied in accordance with the specifiegplofilé. Similarly, for cash

settlement at maturity, the settlement period refers to the period defining which spot prices cash
settlement is based on. Feimplicity, inthecat i nui ng we widlell i veeyt bhberie
Gettlement periodd to refer to both cases.
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- In the very long term of more than a year, the hedger faces price risk associated with the
level of electricity prices in the coming years. In a hydro power system)atigsly
follows from the uncertain futursupply of energy due to future precipitatjas well as
weather and temperature conditions which affect the demand side. This-year price
risk may be important for hydspower producersvhich have gossillity of inter-annual
storage,andfor example for power intensive industries that enter into long term supply

contracts.

- Within the time span of a year, the hedgdso faces highly stochastic spot prices
following from the uncertainty of future net eggrsupply. Within the year there are
periods in which the (stochastic) flow of new information is of special impmetas to
price formation. For example, during the autumn months with autumn rain, important
information on the amount of precipitation ahds energy supply for the winter season is
revealed. During the winter months, it is gradually revealed how cold the winter will be,
and thus how winter demand for electricity will be. And, a further crucial time within the
year is when spring breaks oahd snowmelting and spring floods occur. This intra
annual price risk is important for all hedgers concerned with electricity costs or the

uncertainty of revenues.

- The hedger also faces price risk on a shemh with price fluctuations from week to

week This uncertainty to a large extent reflects weatbk&ted fluctuations in demand.

An objectivein designing the futures contract is to construct a contract which by and large
provides an efficient instrumefdr hedging the income or cost of underlyiegdowment of

the hedging participants Thi s endowment may be the partic
production of electricity in a future given time period. The size of the endowment will
normally vary from time period to time period, for example with expected larger
consumption or production in December rather than in July. By the nature of electricity, also

the endowment is continuous. The main considerafior®ntract design areelated to the

resulting potential hedging effectiveness of theti@atifor major groups of participants.

The discussion on the choice of delivery/settlement period is in effect a question of how to
segment the year in contracts. Questions encountered here not only referred to the specific
length of time period to be cexved by each contract, but also the questions of for example,
whether all time periods should be covered, and whether longer period contracts for distant
futures could be combined with shorferiod contracts for contracts closer to maturity. In
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addition is the question of how far from maturity trading in contracts should start. Our
analysis was at the time of a qualitative nature, and it was noted that a closer study was
warranted to determine the general hedging requirements of the market. Let ussmview

main lines of the discussion:

A Delivery/Settlement Period with Fixégngth Periods, and Consecutive Contracts

In our first approachve assumed fixed length contradBasically this implies that trading in

the futures contract is stopped when reaghimaturity i.e. at the beginning of the delivery
period, and that delivery/settlement procedutben areeffectuated. For example, if the
delivery period is a month, trading in the futures is stopped immediately prior to the
beginning of the month in gaBon meaning thato further adjustments in the futures
position are possible after this time. Note that given this arrangement, the final payoff on the
electricity futures position is not known before the delivery period is efdedtotal payoff

is dependent upon the differencé the aggregate value implied by the futures contract, and
the aggregate value implied by the resulting spot prices. An implicatedaaghat any price
fluctuations within the period are netted out, and that the payoffdéwebe characterized as
dependent upon the average price of the delivery pefiedsuch,the specification of the
delivery/settlement period plays an important role as to which price risk the futures contract is
able to hedgeand thushas consequencesrfthe resulting correlation and potential hedging

effectiveness of the futures contract.

Given this scenario, several delivery time periods were considereelivery period of a

year was initially considered in the debate on the Norwegian market. @aewmas that it
would allow participants to hedge (very) long time risk, securing a fixed average price and
thus a given price level for the year. However, vaityearly fixed length contragbarticipants
would neitherbe able to explicitly hedge intrgea risk, nor to monitor the size of their hedge
vis-&vis variations in hedging requirements throughout the yEar.the alternatives of
shorter delivery periods, for example seasonal contracts rather than annual contracts, monthly
contracts rather than asonal contracts, or weekly rather than monthly contréotshedger

has arincreasingly better opportugito tailor his hedging portfolio to variations in the size of
the underlying endowment over tim@&lith a focus on theisk of hisrevenue or costsfdis
underlying endowment within shorter periods of time, a probable benefit will also be that the
futures price to a larger extent will be correlawath the value of the underlying endowment

thus providing a more efficient hedgH. the price risk wihin seasons or months is of
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significant importance to the general hedger of the mattk@te arguments thus favor shorter
delivery periods

The efficiency of the market is also highly related to the implied liquidity in the contracts, as
well as transaain costs. If we assume that contracts were defined consecutively for all
periods, the choice of shorter delivery periods implies more contracts. It is here reasonable to
believe that transaction costs in trading for example 52 weekly futures contrageapeuill

be higher than trading 12 monthly futures contracts per year. Furthemmlarge number of
shortterm contractpotentiallyimpliesa moresegmented market with l@wliquidity in each
contract. While shorter delivery periods might offer adyathatch of the futures position with

the underlying endowment, a potential dangethiss that this choice also might infer low

liquidity in each contract.

Our conclusion didhowever tend towards shorter delivery periods as of a month, or possibly

a week in the short to medium term, though it was stressed that a closer analysis was
necessary. This preliminary recommendation was based on the assumption that monthly or
weekly defined futures contracts would enable the participants to tailor their poraiod
probablyinduce a reasonable price correlation and thus hedging effectiveness in the short to
medium term.As such,if analyses were to show thptice risk within the month was
pronouncedandsignificant to the participantgnd, if theflow of newinformationis high in

the short to medium terrmdicating incentives forliquid trading in the contract, weekly
contracts could be warrantdebr hedging longerm risk,however,a major concern was that

the alternativeof weekly contracts would be toarge a numbefor hedging more distant

price risk. This would be the case if expectationsrafepdevelopment in consecutive weeks

in the far future to a large extergflectedthe same expectations as to the general supply of
energy,and as such did natistinguish between futureonsecutivedelivery weeks. These
aspects imply that shent delivery periods,with a large number of futures contracts for
futures contracts maturing in a more distant future timght segment the maek and imply

a lower ligudity for the more distant contracts.

A Delivery/Settlement Period witelectedFixed-Length Settlement Peried

An alternative also consideed was whether it was necessary to trade futures for every
consecutive week or montithe question here was whethéeatricity futures design should
parallelthe design obther commodity futuresyherethe contract trades faelected delivery

periods only, for example for wheat which has contractefpiration only in March, May,
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July, September, and December. Tihguanentation behind this alternative is related to the
nature of hedging: The efficiency of a futures position constructed to hedge the underlying
endowment of the hedgeependsipon thecorrelation between the futures contract and the
value of the undeying endowment. If the futures contract covers the same time period as the
underlying endowment, the futures contract may constitute a perfect hedge to the endowment
other things being equdh actual hedging applications, it lsowevernormal that thévedged
commodity and the futures positions will differ in the time span covered, quargiletjes,

etc. Such a hedge is eross hedgei.e. where the characteristics of the spot and futures
positions do not match perfectly. The crbesige mayhowe\er, offer adequate hedging if

the spot value of the underlying endowment is sufficiently correlated with the futures price.
Turning back to the electricity futures contraé€ta futures contract defined aonsecutive

weels offers nearly the sameorrelat on wi t h t he value of the hec
weeks fewer contractsmight be traded, offering a less segmented market, with higher
liquidity in each contractWhether this is the case, however, is an empirical question to be

analyzed.

A Dynamic Deihition of the DeliverjSettlement Period

Another alternative considered was alternative arrangements of how the contract was traded
in the time until maturity. In the above setting, we assumed that the delivery/settlement period
of the contract wadixed throughout the life of the futures contract, and that trading in the
contract was stopped at maturity. For delivery periods covering longer periods of time, this
represented a problem, as trading was stopphbilist there still was considerable unresolved
price risk within the delivery periodAs such this lefno room for tailoring shoiterm
hedging within the period, possibly posing a problem as to the correlation of the futures price
with the value of theunderlying endowment However, whilethe alterntive with shorter
delivery periods to some extent would alleviate these probleaispimplied a large number

of contracts traded for more distant periggissing potentigbroblems in terms of transaction
costs as well as the danger af dliquid andsegmented market.

Here another possible solution was introduced, which offered the combined advantages of the
two alternatives. Basically the alternative involved a dynamic definition of the

delivery/settlement period of the contract:

- At the start of @ding in the futures contract, the delivery/settlement period is defined

upon a relatively long period, such as a season or a m@ftien trade in the contract
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starts, for example a year prior to the delivery pergmheral market conceras well as
avaiable information, modlikely refers tothe price level of theverall period, and noto
shortterm variations withinfor example closeveeks.During the trade ofhte contract
based on théonger-term defined delivery/settlement periofibcusis thus expcted to be

on the general level of price risk of this period.the same time the number of contracts
for distant periods is limitedavoiding the danger of unnecessarily segmenting the market.

- Later, in approaching maturitythe futures contract is splinto several new futures
contractsgach covering smaller segmenfshe original time period: To illustrate, let the
starting point of the delivery/settlement period be defined to be a month (or-adekr
period). At a given point of time, the comttas split into four separate futures contracts,
each referring to one of the four weeks. These weekly contracts are then traded separately,
giving the participants larger flexibility to adjust their hedge, and contributing to a larger

degree of correlatn between the spatnd the futures prices.

To sum up, the idea was that such an alternative might give the market a larger flexibility and
ability to cover both longer and shorter term price risk, as well as imghevpotential

correlation and hedgingffectiveness of the contracts.

A Contract Length

Closely related to the choice of delivery period is deeisionwhento starttrading in the
contract. The length of a futures contract is the length of the total trading period from the first
trading datill the maturity of the contract. Normally trading in futures contracts stet& 3
months before the date of maturity. In the early Norwegian delpdtee establishment of the
futures market for electricity, the electricity industry expressed a neegéning up for trade

in contracts several years ahead of maturity. The major problem of starting trade in a contract
a very long time ahead of maturity lowever related to the prospect of a very thin liquidity

in the initial life of the contract. Nornlig trade in a given futures contract increases towards
maturity. This is partly related to the information flow in the markatmore information
relevant to spot price formation at maturity is continuously received, and uncertainty is
gradually dissolve towards maturity Far from maturity the information flow may be low,
possibly contributing to low liquidity in the contradf, however, further market analyses
were toindicate that futures trading {wery) distant contractsould be vital, an implic#on is

that only a small number of contracts should be defined to not unnecessarily segment the

market.

Linda Rud Selected Topics on Early
Essays on Electricity Markets 81 Electricity Market Design in Norway



SNF Report No. 10/09

In the weekly marketa delivery period of a week was chosen as the standard time unit for
contractsFrom the beginningrade in the contracts stad half a year before maturity. While
contracts close to maturity were traded as separate weekly contracts, hawetracts far

from maturitywere traded in groups of weekly contracts: Each contract in principle covered a
given week, but were traded bundles or blocks of four weeks if time to maturity exceeded
seven weeks. Then, at seven weeks prior to maturity, the blocks were transformed into
individual weekly contracts. The trading of blocks versus individual contracts took place
according to thgattern described in tab& For the fifth week we see that the first blockiha

been split into 4 weekly contracts, and that another block has been added at the end.

Number of individually Number of onsecutive 4veek
traded contracts with blocks traded after the weekly
maturity in the closest week{ contracts:

Week 1 7 5

Week 2 6 5

Week 3 5 5

Week 4 4 5

Week 5 7 5

Table 6 Weekly and block traded forward contracts

In September 1993 the period of trade was extended to one year, with upl@ckl2ontracts
in trade. From Fall 1994 the trade period for base& contracts was extended one more year,
with a segmentation of seasonal contracts for the second.year

Contract Quality Dimension: Load-profile

In some respects trebovespecificaton of the delivery/settlement period of the contract is
the main attribute that defines the electricity futures commodity. As noted,dbsvattribute

to a large extent is related to the level of energy prices in future periods oHawever,
spot pices fluctuate also within theveek. The futures contract specification also has to

include a specification of the logmhttern of delivery, i.e. which delivery hours within the

% After addition of Fall 1994, the contracts traded at any time covered the following maturity periods
Weekly contractg4-7 week contrats covering each of the next74week$, Block contracty9-11
block-contracts each covering thel@ following 4week periods. In approaching 7 weeks before
maturity, the bloclkcontract is transformed into 4 weekly contracts to be traded sepgaratety
Seasonal contrac{8 seasonal contracts covering the next year thereafter, i.e. the seasons covering the
periods of week -1L6, week 1740, and week 452, respectively. In approaching 11 x 4 weeks to
maturity, the seasonal contract was transformed hreceqjuivalent of block contracts to be traded in
separately.
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week that are covered by the contfacTo some extent,pst prices follow disnct patterns

which reflect the daily load patterns of consumption and the costs of meeting these load
variation§®. For example, peaload hours are normally associated with higlotprices, and
low-load periods with low spot prices. fitures contract wh aloadpattern based on a flat
delivery with a constant load profile throughout the week, implies a completely different
value thana contract based oa standardload-profile that for example mimics a normal
averagedaily consumption pattern. In arsee, the choice of load pattern for the futures
contract can be interpreted as a quality specificatidreredeliverance of power in ped&ad

hours can be said to represent a kgghlity product, while the deliverance in ldead hours
represents a lowuality delivery.

Note that the spot price development within the wéleugh exhibiting distinct patternis,

not completely deterministiand thus adds extra uncertainty to the spot prices and to the
maturity value of the futures contract. A given fasi contract based onfiaed load profile

does not provide an opportunity to hedge the integkly price risk. With the objective of
constructing a futures market to meet the main price hedging requirements of the market, the
guestion here was whetheretldesign of futures contracts should accommodége this

aspect, and if so, how it should be doAn.alternative considered in the market wasrade

several futures contracts based on different load proff@sexamplethat two futures
contracts wold be tradedor a given delivery/settlement perioohe based on e.g. a flat load

profile, and one basgen peak load hours.

A basic question to ask in assessing such an alternative is whether tiveeislta price risk

is of significant importance to ¢hmain groups of hedgers in the market. An affirmative
answer here would indicate that specialized contracts could be warranted. In principle, a
thorough analysis of intraveekly spot price variability would be necessary to conclude on
this question. Tentavely it seemed, however, that the uncertainty of price variations within
the week did not represent a severe source of uncertainty in the pure hydro power (and
reservoirbased) system at the timébundance of load capacity at the time, with relatively

low cost differencesand uncertaintyin meeting load variationgentatively indicated that

®In the case of settlement by delivery, the load profile refers to how the energy is to be delivered
throughout the week. In the case of cash settlement, it refers to the selection or ingetxpoices

that are the basis for calculating the profit or loss on the contract.

% oad variations within the week largely follow from patterns of consumption. In a piver
system, some generation plants, such as-bgeed plants, cannot regulateitHoad. For generation
plants that can regulate their load, variable costs may be related to costs following from lower power
efficiency if the turbine is not operated at the optimal point, or loss of water in starting and stopping
turbines.
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instruments for hedging intnaeekly price variation ere not justified in the pure hydro
power markeY.

Moreover,it is reasonable to assume that the tradeaodlel contractsonly differentiated by
different load profils, could be detrimental to liquidityn considering the potential hedging
effectiveness of two contracts, an important indicator is the correlation gfridee of the
contract with thevalue ofthe endowment of the hedger. If the correlation properties are
similar, both contracts woulthe potential hedging instruments for the same underlying
endowment. In the extreme and hypothetical case, where thevietidy price variations are
given by fixed factorsin relation to an average energy price of week the contracts are in
principle identical with respect to this correlation. And, if parallel futures contracts are traded
which in essence have the same or similar correlation properties, tiaecexrtract is in
essence redundary tradingin parallelsimilar (and redundant) contracts, the market will be

segmented, causing a thinner liquidity in each contract, and thus a less efficient market.

Our tentative conclusioat the timewas thabnly a single futures contract per delivery period
should beissued, for example based on a flat blasel delivery profilé. It should however

be stressed that more thorough analyses were needed to firmly conclude.

*

In the implementation of the@eeklymarke, parallel contracts for each week were introduced.
For each week, the bak®d power contract and dé&yad power contract were traded, while

the nightload power contract was introduced in 1994

- Baseload power contract: This contract was for ahr delivery throughout the

week (168 hours per week) with a flat load profile.

- Dayload power contract: This contract was for delivery during daytime (7.00 am to
10.00 pm) from Monday to Friday (75 hours per weekdh a flat load profile during
these hours

% This conclision applied to the partly isolated pure hydro power system of Norway at the time.
Stochastic properties in relation to ints@ekly price variations may, however, be profoundly different

in different electricity systems, such as thermal systems versugutie hydrgpower system. Note

also that different conclusions thus may apply to a more internationally integrated Norwegian power
market.

O A further issue related to the lopdofile is the specifications as to the relative energy amount to be
deliveredin each of the specified hours. Here a flat lpadfile has been custom, i.e. with an equal
amount of energy delivered within each hour.
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- Night-load power contract: This contract was for flat delivery during night (10.00 pm
to 07.00 am) weekdays, and-Bdur per day Saturday and Sunday (in total 93 hours
per week).

Quality Dimension: Geographic Definition of the Spot Price

All electricity is delivered or taken delivery gfoy means of the common electricity gribr

a given producer or consumgnis is always at their physical connection point to the grid.
With principles of common carriage and a transportation tariff system based ochmuiges,

the tariff paid by the individual buyer or seller is given by his connection point to the grid,
regardless of the location of the other party to the transa®tmmmal quality attributes of the
delivered electricity, such as voltage, frequenpypbability of interruptions etc., are
moreover.first and foremost quality attributes of the individual grid connection (and total
system operation), and nthne energy sales transaction. This applies whether the electricity is
contracted by spot salephysical futures delivery, or bilateral contrachs.this respect

electricityitself (i.e. apart from transportatiois)a homogenous gobd

For the futures contract,olvever, the geographical aspenty haveimplications for the
resultingcorrelationof the futures price with the value of the underlying endowment of the
hedger. Thisfollows as spot prices argeographicdy differentiaed in cases of network
congestion. The price risk of the price hedger is first and foremost related to the vatility
the geographical price he facemd is thus also affected by tgeographical dispersion of
supply and demand arig implications for congestiorA question of contract design tisus
related towhich price to base the contract up@me might think hat severalutures contracts
based orlifferentunderlying geographically differentiated priagsuld have the potential for

a better price correlation and hedging effectiveness. Howentéra limited market for each
contract, and where the main uncemga is related to energy, this alternative would in all
likelihood result in segmented markets with severely low liquidity. laén implication for

contract design, whether settlement by cash or delivery, thus has® the standardized

"* Different terms of interruption could in principle have been specified in the standardized contract.
Note e.g. thabilateral contracts earlier included the specification of different terms of interruption, or
even network priority. Interruptible contracts might in general contribute to a more flexible market and
more explicit pricing of interruptions. These aspectsenalso considered with respect to futures
contracts. However, as the main purpose of the futures contract is that of hedging energy price risk,
and not handling the uncertainty of network congestion, the inclusion of special aspects of security of
delivery thus were ruled out for the derivatives market.
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contracts on @ommonenergy related priga.e. the system price, which ike equilibrium
price of thespotmarket when grid capacities not are taken into acéaunt
*
The issue of geographically differentiated contracts atabe time not controversial issue
in the national Norwegian market, and the choice of the system price as the main underlying
spot price was naturalchoice for the weekly market.

Contract Size

A futures contract is standardized in quantity. The denomination of electricity is in terms of
energy,i.e. MWh. As the deliverance of energy is continuous, the quantity of energy on the
contract follows from the specified length of the delivery period, the specifiedpladite

within the period, and the scaling of the contract. The length of the depeeind, as well as

the loadprofile is discussed above. The remaining issue related to contract size is that of the
scaling of the contract. Given the concept of a flat load, the scaling addresses the standard
power load. For example, if chosen to be 1MW& energy quantity of the above bédsad
contract is 168 MWh, and for the above dagd contract, 75 MWh. In principle a lower
scaling implies that the trader has to buy or sell more conti@tisdge a given underlying
position, and in turn possibljarger transaction costs. A higher scalimgplies large
contracts that might exclude potential traders. The scaling of 1MW seemed to represent a

natural choice for energy futures.

3.2.2 Market Micro Structure and Exchange Security System

The establishnme of a futures market for electricity called for the-gptof a completely new
exchange. In principle the role of the exchange is to offeustworthyorganized market
place for futures contracts, with ndiscriminatory, fair and just rules of tradA. basic
objective is to strive to achieve a liquid and efficient market, wagkuchis an underlying
objective in designing contracts, auctions, information policies, control and security systems,
rules of legal and ethical conduct, etc. The institeticsetup of the main market functions
was commented above in section 1.712 this sectionwe will briefly focus on the
organizational setip of the futures market for electrigityhich we, however, at the time did
not analyze in detail. Basically, veavisaged thathe organization of the futures exchange to
a large extent should resemble that of other future exchaAgese will see, he chosen
structure of the weekly market wdmwever in many respects to diverge from that of normal

2 See chapter 5 on congestion management.
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futures markebrganizationOur objective here is merely to draw attention to sesaeesn
the organization of trade and security sysemthe weekly marketproviding a basis for

furtherdiscussionn the following section.

Market Admittance
Theterms of admittanceo the futures exchanghouldbasicallyscreen potential participants
to secure that they are able to fulfill their obligations in the markeais first and foremost
refers to financial obligations, but also their ability to carry out necessary arrantgeim the
event of physical settlement by delivery on maturiiy.lay the basis for a liquid and efficient
market, in principle all potential traders that are able to meet their obligations should be
admitted to trade in the market, directly, or indikgcPotential traders in the futures market
thus include producers, consumers, and retail trading companies from the electricity market,
as well as any other potential tradetehas hedgers from other industries, pure speculators
etc. Any terms of adrttence that hindetrade byparticipants that would be able to fulfill
their commitments in the market, in principle only will contribute to a thinner and less
efficient market.

*
In the initial market organization of Statnett Madkaevhich organized thdaily and weekly
market, all participants had to sign a contract of participation that covered all markets of
Statnett Markd. All the markets of Statnett Markedlere however defined as physical
markets. This also related to the weekly market which vaaed on settlement by physical
delivery only. On this basis all participants, even in the weekly market, were required to have
the necessary technical equipmémtbe able to tradeA further issue was that there in fact
were technical software restrict®ron the number of market participarnist the market

could handle.

Trading mechanism

The trading mechanism is the mechanism by which the latent supply and demand bids of the
traders are transformed into realized transactions with market prices andréspaoding
allocation of resources. It specifies the form of demand and supply bids, and the market
clearing process. Section 2.1.3 gave a brief characterization of main categories of trading
mechanismsDifferent choices of trading mechanisms may haviewtint implications for the
resulting efficiency and liquidity of the marke®ection 2.3 discussed alternative trading
mechanisms for the daily market. While a spot market and a futures market serve highly

different purposes in the market, reflecting Hygdifferent motives for trading and highly
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different informational needs, the most efficient trading mechanism in the two markets may
be highly different. Our focus is here on the futures market. Prior to the establishment of the
market, we did but brigf sketch alternative auctiorleaving the issue an open question for
further analysisOn onehand, the periodic ordelriven auction based on submitted demand
and supply vectors was familiar in the electricity market. While this mechanisnedffer
thickness of a periodic auctioits poor dissemination of information in the trading process
and infrequent tradingepresented a major drawback &oforward marketOn the othethand,

the most commofutures market auctiowas a system of open outcry, wlehe traders meet

on the tradingfloor to match bids and offers. This is a continuous erderquotedriven
auction and represented years of experience in use in liquid futures marketsgh this
mechanism in most futures markat the timewas base on physical appearance in the
market, the emergence of automated trading systems regeagntomisingalternativefor

the electricity futures market.

*

From the beginning the weekly market employed the same deidlegheriodic auction

system used irhe daily market, which in turn was based on the one previously used in the
former occasional power market. Participants submitted their orders in the form of demand
and supply curves, and the market was cleared once a week on Thursdays. The market price
was set at the equilibrium price that balanced the aggregate supply and demand curves. The
exchange publistitethe market price, the total volume, and in the case of no trade, the highest
buying price and the lowest selling price. Trade in the conivasthen closed until the next

trading day, one week after.

Exchange security system

Normally internal and externalontrol systems and safeguards are established to secure the
financi al integrity and neutralityidemdeint he e x
the exchangandthe futures contracts. In this an associated clearing house normally plays a
fundamental role. The main function of the clearing house is to guarantee that all of the
traders in the futures market honor their obligations. Thetiums of the clearing house

include - the registration and splitting of the bilateral relationship of buyer and satler

which the clearing house adopts the position of buyer to every seller, and seller to every

buyer, thus eliminaing credit risk - handling systems of e.gnarkto-market, margin
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payment&’, and other guarantee funds, thus securing the financial position and integrity of the
clearing house; and the organization dhe settlement of contracts that are held to maturity

All these functons contribute to secure the fulfillment of contracts, &madnaintain the
integrity of the futures market. Here we envisaged the establishment of similar arrangements

for the electricity futures market as used in ofaéuresmarkets.

*

The weekly marketvas initially not associated with a clearing house. The exchange itself,
Statnett Markd, entered as the formal counterparty to all contracts and in this way broke the
bilateral relationship between the buyer and seller. However, the initial weekly market
employed neither margin payments nor a rtarknarket system. Positions were secured by a
given deposit. In the absence of the m@arknarket system, every contract was designated by
the price at which the contract was entered into. In principle everyidndlly entered
contract was held to maturity. Economic profit and lossabbriransactions were settled at

maturity.

3.3 Efficiency Issues of the Weekly Market

The weekly market established in November 1992 by Statnett Marke thus to be the first
organized market for forward contracts in electricity. The weekly market suffered poor
liquidity. There were many probable reasons ftinis. Explanatiors may on one hand be
related to general marketlated conditions, such &sctions in the transitioraway from the
former reliance on longerm bilateral contracts, or issues related to the functioning of the spot
market.On the other handye believed thathe poorliquidity to a large extent was due to
severalaspects ofhe infant design of the markethere the chosen solutions to a large extent
diverged from more common features of efficiently working futures markets. This related to
e.g. the choice o&uction formatexchange security systemmarket admittance, as well as

contract specification®elow we briefly comment upon some desigelatedissues.

Redundancy of contract$he market offered a large range of contracts, both within the week
(baseload, dayload and nightoad contracts), and also for the near future (contracts for each
consecutiveweek). A question to be asked was whether this large a number of contracts

contributed to an unnecessarily segmented and illiquid market. More specifically, if several of

® The margin is essentially a deposit. The size of the required margin reflects the maximum allowed
change in prices each market day, in principle large enoughaor er a daybés potenti
contract. At the end of each trading day, all contracts are marked to market. Potential gains or losses
are registered, and the margin position is dynamically adjusted according to specified rules.
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the contracts had the potential of covering the same underlying volatility witly tieadame
correlation with the hedgersdé endowment s, S C
While this called for a closer analysis, an obvious example was found in the 1994 contract set,
where the new nigHbad contract actually could be duglied by a base load contract less the

day-load contract.

Inflexibility due to &ck of margin and marto-market systemswhile a main role of the
margin payment and matk-market provisions is to secure the financial integrity of the
system, these systemaso implicitly contribute to a more liquid market. Active risk
management may require rebalancing the futures portfolio to tune in on new information. This
is possible in a wellunctioning and liquid futures markeln the weekly market, though
market dearing was carried out repeatedly (initially once a week) in the time up to maturity,
and did as such provide the participants a possibility of dynamic portfolio adjustwesnt
believethe absence of margin and maokmarket systemsontributed tchinderthis process

of adjustmentin the weekly markeévery contract was designated by the price at which the
contract was entered intand the price followed the contract till maturidso, with the
chosen guarantee provisions in the weekly market, andtikence of margin payments,
economic profit or loss on the transactions in contracts was settled only at maturity.
particular, his was the case even when the participant had sold out so as to have a net zero
position thus implying thaevery individwal entered contract actualyasheld to maturity
Though the participant might alter his net position by trade, however,atf®/e issues
implied a cumbersome and complex process to carry out a dynamic risk strelécly we
believe also contributed #lower liquidity in the market.

Restrictedmarket admittance Market admittance was coupled to a physical participant
agreement, implying that only participants that adhered tsghkeifictechnical requirements

were allowed to traddn this, several imprtant groups of traders were virtually excluded to
trade.This might have contributed texclude not only important grosmf speculators, but

also pure hedgers as for example firms with hedging needs due to the importance of
electricity as an input, bwtithout the specific technical equipmetftthe physical ability to
deliver or take delivery actually were a requirement that followed from the choice of a
settlement procedure based on physical delivéng would be an important cause for
reconsideing the choice of settlement. However, given a liquid underlying spot market, we

did not see why such technical requirements of the trader inwace necessary. An
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alternative would for instance have beenthat delivery procedures for this group of
participantswerecoupled with an automatic spot market arrangenfentexampleby means
of priceindependent bids in the spot markd@ie main concern in specifying market
admittanceshould beto secure the financial ability of the participant to meet his oiidigs

in the market.

Emphasis ordelivery rather thanhedging In our view several of the choices in contract
design, as well as in the exchange framework, seemed to mirror a physical delivery
orientation, rather than a price hedging orientation in thesetf the market. We have seen

that a settlement procedure of physical delivery was chosen. As experienced in several other
commodity futures markets, this mechanism is in principle viable for a liquid futures market,
and may as such support an efficigmice hedging market. This choice, however, in the
combination with several other market design choices seemed to indicate that too much
weight was put on the idea of physical delivery, rather than handling price risk. Several
design choices may be integped in this light. For example,contracts were tailored with
several delivery profiles possibly reflecting delivery needs rather than hedging Reeds,
market admittance was based on the ability for physical delivaryl trading and guarantee
systemsseemed to favor that the trader held the contract till maturity, rather than facilitating
dynamic hedging strategies. As sudh,seemed asthough it was expected that the
standardized forward market was to handle both the role of risk allocatiotg be used as a
means of role of handling and securing physical deliehy trying to emphasize bothese
objectives in designing the market, the result is likely to be that neither of the objectives can
be reached.

Insufficient inancial integrity of theexchang®: A further question to be raised was whether

the implemented exchange structure sufficiently guaranteed the financial integrity of the
exchange. In the place of a clearing house the exchangeeitselfel ascounterparty to all
contracts. Its rteexposure to the credit risk of contract holders was thus contingethieon
well-functioning of the exchange deposit and security system. On one tendoted that
normal means of securing the forward contracts, such as margin payments, were not in place.
In contrast to th@ormaldynamically adjusted deposits of the margin systwhere margin
payments are tailored to the development in the trading position of the traders, a concern
related to a system of mofi@ed depositss thatthe depositn the couse of time may be

" Early market suggeasins (for exampleth S | PTés proposal for design
even seemed to reflect a notion of the standardized market as a market to also secure delivery.
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low, andthen expose the exchange to a financial fislOn the other hand, a concern of
financial integrity was also related to the close relationship between the grid company and the

power exchange.

Informational andefficiencyproperties of therading mechanism The trading mechanism of

the weekly marketvasa periodic, ordedriven, and sealed mechaniswhich wasn contrast

to the normally emplogd continuous quoteor orderdriven trading mechanism$he chosen

mechanism of theveekly market where only information on the resulting transactions was

made publicyepresented a minimum of dissemination from the trading probessforward

mar ket, where information related to the mar
important, it may be asserted that the information dissemination of the chosen mechanism was

at the very minimum, and may have been a factor contributing to the poor liquidity and
efficiency of the market. As such, we believed improvements in the traddehamism, as

e.g. using a continuous ordeor quotedriven mechanism could improve information

dissemination, and thus the liquidity and efficiency of the market.

*

Above we have pointed out several sources of inefficiency in the infant weekly market,
aaccounting for the severely low liquidity. The market response to this was the establishment
of seveal competing exchanges outside the sphere of Statnett Marked; Norsk Kraftmegling
opened a market place for seasonal and annual contracts in April 1994,Kxaftskarked
opened for trade arttie clearing of standardized annual and seasonal contracts in May 1994,
and Markedskrafioriginally based on the brokerage of bilateral contradt® planned taking

a step towards more standardized products. Antdhgse competing marketisere market
design features that to a greater extent where in line with the common futures market design.
Examples are the employment of continuous erded quotedriven pricing mechanisms, the

use of a clearing central, margin regments, and weekly settlement of contracts. The
futures market of today is a further development of the original weekly market, and partly the
futures market initiated by Norsk Kraftmarked, which was taken over and integrated in
Statnett Marked. As suchlahe emerging alternative market places probably played an

i mportant role in the devel opment towards to

®If the deposits are too high, they may, dependent upon the interest rulespessent large trading
costs for the participants and thus also deter liquidity.
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3.4 The Futures Market Today

The financial market for electricity has undergone large transformations frotately

illiquid physically oriented forward market, to a flikkdged financial market for electricity
derivatives. The traded volume at Nord Pool
since the first products where launched. The total volunfi@aricial contracts traded at Nord
Pool 6s financi al markets in 2007 was 1060 T
Nord Pool Clearing in 2007 was 2369 TWh. In comparison, the volume of Elspot was 290.6
TWh, and the 2007 production in the Nordiearwas 397.3 TWh. We will now briefly
comment upon the exchange organization and traded derivatives

Trade in financial contracts is organizedNigrd Pool ASAThe exchange holds a license as a
derivatives exchange, and is as such under the supenga§itimee Financial Supervisory
Authority (FSAN) of Norway. Trade is also thoroughly regulated by internal rule books, such
asdrrading Rules for Financial Electricity Contracts and Certificate Confraatsl trading
agreements such as thiExchange Membergh Agreemend and the dVMlarket Maker
Agreemend Exchange trading may be carried out by exchange members. An entity that is not
an exchange member may carry out exchange trades as a trading client, represented by a
client representative which is an exchamgember approved to represent trading clients.
Nord Pool Clearingis licensed as a clearing house, and clears all contracts traded on the
Nordic Power Exchange, and in this guarantees financial settlement. Nord Pool Clearing is
under the supervision of FSA In order to carry out exchange trading at Nord Pool, the
exchange member must be a clearing member with Nord Pool Clearing. Market participants
wishing to clear its contracts through Nord Pool Clearing have to post and fulfill collateral

requirements all times.

To promote trading by new market participants and to stimulate greater liquidity, the financial
contracts were changed from physidalivery contracts to pure financial contracts. All
exchangeraded derivates are now settled by cash settl€fnérhe reference price for all

Nordic financial contracts is the system price of the total Nordic power market. The previous

® Sources: The information on the current (per summer 2008) system is mainly found on the websites

of Nord Pool (www.nordpool.con. For an dnmderav NoedwpoA S Aés 6fi nanci
mar ket 6, Feb 20 2008.

" Parallel to this development, it should also be noted that an increasing share of bilateral contracts
also are based on financial settlement. Clearing of standardized financially settled contracts traded off
the exclange was introduced in 1997 at Nord Pool Clearing, and in 1999 price and volume
information was published for the first time for standardized financially cleared power contracts traded

off the exchange and registered with Nord Pool for clearing.
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periodic auction trading system was in 1994 replaced by a continuous trading system, and
further developed as an electronic tragdsystem from 1996 supporting a continuous quote

driven trading system with the use of market makers.

The product structure of the exchange has undergone several changes over many years. The
exchange now lists futures contracts for the 1meaturity contrats, and forward contracts for

more distant maturities:

- Futures contractsFutures contracts are traded with maturity for the nearéstvbeks.
Settlement of the future contracts involves both a daily stmrkarket settlement, and a
final spot referenceash settlement. The mattmarket settlement covers gains or losses
from dayto-day changes in the market price during the trading period, and calls for the
contract holder to deposit the necessary amount in cash accounts. The final spot reference
cash sttlement takes place during the delivery settlement period. Throughout the final
settlement period which starts on the due date, the contract holder is credited/debited an
amount equal to the difference between the spot market price and the futures tobtsa

final closing price. Nord Pool now lists the following series of Nordic futures contracts:

- The Base Load Day contracts (ENODddrgy) cover 24 hours each, and are

listed for the remaining of the nearest week.

- The Base Load Week contracts (ENOWayy) cover 7 days each, and are listed

for the 6 consecutive weeks

- The Peak Load Week contracts (ENOPLWAyw cover the intraveekly defined
peak hours of 020 Monday to Friday, and are listed for the nearest 5 weeks.

- Forward contracts: The forward contractsra listed for up to six years ahead. The
forward contract is settled by expiry market settlement with spot reference cash
settlement only. As such, unlike the futures contracts, in the trading period prior to the
due date for all these forward product®réhis no marko-market settlement. The mark
to-market amount is accumulated daily as daily losses or profits, but is not realized
t hroughout the trading period. Cash is r
delivery period, starting at the duate. Previous to this, other forms of collateral are

acceptable. Settlement throughout the delivery period is given by the difference between

® The Basd_oad Week futures contract is split into Base Load Day futures contracts at the start of
each settlement period.
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the contract price and the system price of each hour. The following series of Nordic
forward contracts are novsted”:
- The Base Load Month contracts (ENOMmmyy) cover the month in question,
and are listed on a 6 month continuous rolling basis (and are not subject to further
splitting)
- The Base Load Quarter contracts (ENG@Y cover the quarter (3 months) in
queston.
- The Base Load Year contracts (ENOYR cover the year (JanilDec 31) in
question.
- The Peak Load Month contracts (ENOPLMmmgg) cover the aboveefined
peak hours, for the nearest 2 months.
- The Peak Load Quarter contracts (ENOPL@Y cover the abasrdefined peak
hours, for 3 quarters.
- The Peak Load Year contracts (ENOPLY{R covering the above defined peak
hours, for 1 year.

Before leaving this market, let us also mention that in addition to forward and futures
contracts, also other contracts hdezn introduced at Nord Pool, with options introduced in
1999, Contracts for Differences in 2000, European Union Allowances contracts in 2005, and
Certified Emission Reduction contracts introduced in 2007. Though our focus here has been
on futures and forard contracts for risk management, let us end this chapter by very briefly
describing these later added contracts for risk management, i.e. option contracts, and contracts
for differences:

- Option Contracts:An option is a right to buy or sell an underlyimgntract at a
predetermined price at a predefined date in the future. The option contracts now traded at
Nord Pool are Europeastyle, i.e., they can only be exercised at the exercise date. The
underlying contracts are quarter and year forward contracts.

- Contracts for Differences (CfD)A CfD is a forward contract with reference to the
difference between an area price and the Nord Pool Spot System Price. Nord Pool
provides trading in CfDs for the following areas; Norway (Oslo), Sweden, Finland,
Denmark Wet, Denmark East and SYGER.

" Note that all quarter and year contracts are automatically cascaded, following specified procedures.
The year contracts are basically spfito quarter contracts, and the quarter contracts into month

contracts. After the cascading day, the Onewbd
product.
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4  System Reliability and Ancillary Services
In a Market-Based System

In this chapter we take a closer look on how systems and markets for handling the momentary
system balancandsystem reliability are organized in the markased Norwegian electricity
system. While supervision and operation of system balance and system reliability is the
responsibility of the system operator, the system operator itself does not own any such
capacity. A variety of generating and power loagacdty is necessary in order to balance the
system and uphold system reliability. This capacidy besupplied by generatorand in
principle also flexible consumerSurthermore, an important insight is that a large part of the
capacity fit to carry ousuch services, has competing uses, for example in the supply of
ordinary planned energy, versus holding the capacity as a reserve capacity for momentary
balancing. In a markdiased system, the main principle is that these decisions of allocating
capacityare made by the individual participants in the market. Moreover, these decisions are
affected by the incentives provided by the market system. An objective of market design is
thus to design organized markets and other pricing and allocation systemgpsodage
efficiency bothwith regard to theefficient supply and use of ener@y general andalsoin

ensuring a efficient andreliable momentary power balance.

The focus on momentary power capacity and ancillary services was accentuated during the

m d 19906s by the process towards a more ope
the subsequent establishment of an integrated Nordic power exchange. In many respects this
development represented an integration of the pure lpan@r Norwegian ystem with

more thermally based systems. This integration in essence offered the opportunity to reap the
potential benefits of trade, following from the comparative advantages of the different
systems. At the same time, this development also representedhadienges for market

design. The concern was now whether the existing market systems would be able to
contribute to an efficient allocation and remuneratiop@iver and energygesources in this

scenario.

In the setting of the Norwegian unbundled mdrksystem, this chapter focuses on the
incentivesof the pricing and allocation systems of the market, both as to ancillary services in

general, and as to the allocation of planned and unplanned power load capacity in particular.
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The chapter is based on R(#995), Rud and Tjgtta (1996) and Rud and Singh (1997).
Section 4.1 discusses benefits and challefaEsving from a moreinternationallyintegrated
power system. Section 4.2 gives a simplified introduction to concepts of system reliability and
ancillary services, thus focusy on the supply of such capacity and the provision of system
reliability. Section 4.3 is concerned with the demand for system reliability, and in particular
inherent aspects of system reliability which may be interpreted as a gabtic Section 4.4
discusses how different pricing and market systems reflect different dimensions of the
commodity electricity, also describing the systems of the Norwegian market unbundled
market system at the time. Section 4.5 considers an alternatuggpstructure for ancillary

services. Section 4.6 concludes by briefly accounting for current market systems.

4.1 Benefits and Market Design Challenges of a More Internationally

Integrated Norwegian Electricity Market
In many respects the hydpmwer sgtem has an unique ability to carry out planned -oad
following and handle redime balancing of the power load. The development towards a more
internationally integrated electricity market implied a larger interface with thermally based
systemswith othercharacteristicsThis section considers principle aspects of benefits from

this integration and the implied challenges for market design.

4.1.1 The Benefits ofMore Internationally Integrated Power Systems

The initial opening of foreign trade that folloadr¢he general market reform, was based on
market negotiated contracts. In this it represented a small, but clear step away fimmdne
political restrictiveness of foreign trade. This was followed by further measures of opening
trade, and subsequentlyoroughly manifested in 1995 when Nordic energy ministers agreed

to expand Nordic electric power -aperation. In 1996 the joint Norwegk8wedish power
exchange was started for trade in power contracts, and was later also to include Finland and

Denmark.

A basic driving force of this development whe expected benefits of tradmllowing from

the comparative advantages of the different energy systems. Here Norway was a purely
hydro-based system, Sweden was a part hydro and part thermal system, atineitidordic
countries, as well as other close European countries to a large extent were thermal systems.
The comparative advantages of hygver versus thermal systems are mainly related to
issues of the supply of energy on one hand, andatueof power load capacity and ancillary
services on the other hand:
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- Energy supply in the hydrpower systenis given by the naturgiven precipitation, and
iIs thus characterized by severe risks as to the available supply of energy. Energy
generation in thermal stems is based on a variety of fuels which may be bought in
markets. In principle, trade has thus the potential of offering a higher security of energy

supply to the hydrtrased system.

- Capacity for ancillary and load following services is necessary tore@nse momentary
balane of the power flonand maintain the operating quality of the power system. In the
thermal system, the ability and costs of providing different kinds of ancillary services,
including load following, varies from plant type to plagpé, but is in general relatively
costly, with higher start/stop costs and higher variable costs. In the redmsed hydro
power system, the costs of supplying such services, as well asopeadlelivery, is in
comparison relatively low. In this theydiro-power system offers cost advantages relative
to the thermal system. This to a large extent follows from the underlying technology of the
hydro-power system, where high investments in power load capacity to some extent are
necessary to efficiently uide the supply of water. Variable costs are also relatively low,
with low start/stop costs, and low variable costs. For example, costs of momentary
adjustments are largely related to the deviation from optimal turbine operation and the
corresponding lossfavater. Traditionally the Norwegian electricity system has thus had

an abundant load capacity.

From a Norwegian point of view, the closer integration with other power systems offered the
possibility of a better pagff on the Norwegian power resourcespecially with respect to
peakload supplies, loafbllowing, and various ancillary services. The possibility to import
energy also offered a higher security of supply, especially in the event of dry years in the
hydro-power system. The realization of sulsbnefits of integration, however, on one hand
was contingent on the size of the actual cost differences in supplying -loaderelated
services, and on the actual capacity of foreign trade, including the capacity of new
investments in international cableOn the other hand, the realized benefit also was dependent

on the extent to which the pricing systems of the market were able to reflect these values.

4.1.2 Challenges for Norwegian Market Design
In the anticipated closer integration with thermal systainwas expected that the Norwegian
market to a larger extent would face demand that represented a larger inherent willingness to

pay for such services. This also implied a transition to a scenario of a greater relative scarcity
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of such capacities, and auch an implied higher inherent market value of e.g.-[zeakand
load-following abilities, capacities for momentary balancing and other ancillary services.

The concern was now whether the existing market systems would induce an efficient
allocation ad remuneration of these resources in the short, as well as in the long run. A basic
insight is here that the actually resulting market prices, and thus the resulting remuneration, to
some extent depends upon the chosen market design. Note that the cgnmtodtrespect

is a heterogeneous good, for example with different abilities for planned versus unplanned
adjustments and load following, different response times, and different abilities with respect

to a long range of other ancillary services.

The curent pricing systems, developed in the initial stages of the market reform, did to some
extent reflect different dimensions of the pda&d and momentary balancing attributes of the
systeni®. The market reform had, however, taken place in a partly ptienahmarketThe
relatively isolated Norwegian power system in many ways represented a scenario of abundant
capacity for the supply of balancing and ancillary services. From the abundance of capacity, it
followed that the relative inherent market valulesoch services was low. Moreover, it
seemed probable to assume that elaborate mechanisms in this dtedadtbeenneeded to

ensure an efficient allocation of these resources, and that this was reflected in the chosen
design ofthemarket system.

The question was now whether the market system, in a future state of a relatively larger
scarcity of such capacity and services, would be able to bring forth market prices that would
signal the real market value of different power load capacity and anskavices. This has
important implications for the shertin as well as longun efficiency of the market. For
example, the inherent value of specific services and capaeyybehigh, e.g. due to high
demand and high willingness to pay for such servidesvever, if the inherent value is high,

but the payoff in market prices due to the explicit market design and price structure is low,
the resulting incentives of the market system will result in inefficient resource allocation in
the shorrun, and may imply lower than optimal investments for the capacity in question. In
this way the development of a more internationally integrated market also represented new

challenges for market design in the Norwegian electricity system.

A further challenge of marketedign is related to the demand for such services, and for

ancillary services in particular. For a large range of power generating capacity, there are in

8 See section 4.3 for a further discussion of the pricing system at the time.
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principle several competing uses, for example ranging from normal energy production to the
provision of different forms of ancillary services. We have in our exposition already
encountered such alternatives, i.e. where we argued that producers had the choice of offering
their capacity in the spot market, or alternatively, in the regulation power markeindiple

the optimal allocation of resources to different appliances is to follow from the decisions of
the individual participants, on the supply side and on the demand side. In the presence of
market imperfections, however, reliance on only individuddgsed decisions will not
necessarily induce optimality. In this respect we will argue that the system reliability in effect

is a public good, in which special measures are required to ensure a sufficient level of system
reliability in the power system.

42 About System Reliability and Ancillary Services

In this section we will dwell on the continuous nature of electricity, and seek to provide a
minimum background insighito the concept of system reliability which is the quality of the
system, andhto the concept ofincillary services which are the services necessary to maintain

this quality.

The commodity electricity is traded, registered and settled in terms of energy. Electricity is,
however, a continuously supplied commodity. The actual productiocoesumption of
electricity within a given time period may be represented by a continuous power load
function. The ternpowermay simplified be described as the momentary level of production /
consumption Energyis the integral of the power load functiontin a given time period.

The connection between power and energy is illustrated in figure 7. The power load at a given
instant of time is measured in Watt, while energy is measured in Wathotmsenergy
amount of 1 kWh thus refers to the energy eglgint of a constant power load function of 1

kW during an hour.

81 Normal cenominations are kWh, MWh, GWh or TWh. Here we have that 1 kWh = 1000 Wh, 1
MWh = 1000 kWh, 1 GWh = 1000 MWh, and 1 TWh = 1000 GWh.
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kWh

1 hour time

Figure 7: Power load (kW) anehergy (kWh)

We can, somewhat simplified, say that electricity production and consumption (including
losses) must balance at all times. Essentially this applies to the moylewe of power
supply, as well as to the energy level. On an aggregate level, variations in the power loads of
the individual producers and consumers will to some extent even out. Still, following the
rhythm of daily life in the society, we find idenéble patterns of the aggregate load profile,

for example with lower energy use at night, higher loads during thdirday and with
identifiable peaload hours. It is, however, not to be expected that the aggregate production
and consumption load will kence at all times by itself. This means that any implied
imbalances irthe aggregate net load supply, rapidly must be met to secure the momentary

balance and quality of the system.

In maintaining this balance and system quality we can say that the sys&Fator has to
maintain an adequatystem reliability While our above discussion gave an ad hoc idea of
the system quality in the notion oféaystem balande the quality dimension is in essence
more elaborate. We can, still simplified, summarize tepeat of system quality, in the
dimensions of stability of frequency, quality of voltage, and security of delivery:

- Frequency StabilityThe requirement odi stable frequency in the system refers to that
frequency and time deviations are held within spedifimits.

- Voltage Quality:This refers to the stability of the voltage level, with specified limits

and rules as to the occurrence of voltage irregularities.

Linda Rud Selected Topics on Early
Essays on Electricity Markets 101 Electricity Market Design in Norway



SNF Report No. 10/09

- Reliability of Delivery:This term refers to the risk of shdgrm interruptions, among
otherfactors due to failure in the network. A further dimension is how fast the system

can be restored after such interruptions.

On one hand, central supervision and coordination of the system by the system operator is an
essential factor in the provision of ssgm reliability. This is necessary as control and
measures for adjustment are dependent upon the overall condition of the system. On the other
hand, various forms of generation capacity are required to carry out these necessary
adjustments of the systeifhese capacity and services we will teantillary services

Most ancillary services are provided by the general production plant owmergh also
flexible consumers may represent a valuable source of some types of ancillary $etvices
principle different production facilities with special attributes and abilities may be required to
carry out the various services needed to balance the various quality attributes of the system, as
well as to ensure a sufficient ex ante preparedness of the system toumfereiseen
momentary situations. Ancillary services thus include a large range ofjpelatd functions

and capacities thadre necessary to keep the system working and reliable. While our focus
will be on the economic system for procuring this capanitje short and long term, we will

not go into any kind of technical detail. However, to give an idea of the diversity of such
capacity, let us briefly and simplified outline main categories of ancillary services. Our
exposition illustrates the classifiaan of the main categories of ancillary services at the time

of study, as described in Wangensteen, Grande and Bakken (1996). Within each category we

also see that the ancillary services can be further differentiated along different dimensions.

- Primary reggulation reservesThis is capacity for instantaneous adjustment of power to
deal with reatime momentary variations due to surges or reductions in aggregate
demand. This includes reserves for handling momentary deviations in frequency, as
well as other eute disturbances in the system. The reserves in this category are
activated automatically and continuously, and thus represent the ancillary services that
have the shortest response time. Important dimensions in this category are the level of
deviation infrequency before the capacity is activated (e.g. deviations of 0.1 Hz, 0.15
Hz, 0.5 Hz), the response time (e.g. 5 seconds, 30 seconds), and the duration which
indicates the time until the activation is to be ended.

8 The regulation power market is a market for the supply of one form of ancillary services, namely
secondary regulation rases with a response time of 15 minutes. Note that flexible consumers may
also supply this form for regulation given that they meet the requirements of a technical nature, as well
as required response times.
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- Secondary regulation reserveBhese reerves are typically activated after the primary
regulation reserves. The generator, or in principle also a flexible consumer, supplies
regulation power, by offering to adjust power upward or downward within given
response times. Relevant dimensions heee automatic versus manual activation,
response time (e.g. 30 seconds, 15 minutes, 4 fpuaad duration which is the time
period until which the activation is ended, and the next reserve category is to be

activated.

- System safeguardhis is automaticéy activated measures to avoid breakdown of the
power system. This category is activated in extraordinary situationgtefterserves
within the previous mentioned categories. An example is thdgfieed shutdlown of
production or consumption to handierious and irregular disturbances in the system,

such as if critical lines fall out, surcharge of lines, evequency, etc.

- Reactive powerBoth the running reactive production and reactive reserves represent
ancillary services that are activated daedeviations in voltage levels. The capacity
may be differentiated along different dimensions, for example as to the size of

deviationgto occurfor the capacity to be activated.

The specific definition and specification of ancillary services varies framtcy to country,

and will in principle reflect the needs and characteristics of the underlying production
technologies in the specific electricity system. A borderline case of ancillary services and
normal deliverance of power are the services efalked load-following, which deals with
variations that take place systematically over a given, but short period, e.g. adjusting
generation to adapt to predictable htashour and daily variations in demand. The load
following services thus address the plasriellowing of a load curve, in contrast to the
abovementioned categories of ancillary services which address unforeseen instances. In the
hydro-power system, where such costs are low, these servidesohheen a major issue. In
contrast, the costs obadfollowing in thermal systems may be high, which implicates that

greater attention is directed towards these services in thermal systems.

8 Secondary regulation reserves with even lomgsponse times may be termed tertiary reserves, etc.
Also note that in thermal systems, the secondary regulation reserves may comprise generation by
different production technologies. They may also classified by different response and ramping times,
for example spinning reserves (capacity from generators already in operation that can be called on
very shortly, e.g. 10 minutes), quiskart generators, and nspinning reserves (that can be ramped
within an hour).
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Some of the abovmentioned ancillary services may require specialized equipment. For
others the production of thespecified ancillary services is carried out with generation
capacity which can be used in alternative means of production. An example is where the
production capacity can be allocated to general planned energy production, as well as to
reserves for providg ancillary services. An important objective of the pricing and resource
allocation system of the market is here to ensure an efficient allocation of the production

capacity with respect to its various competing uses.

4.3 Market Imperfections of System Reliability

Before proceeding to our discussion of pricing systems, let us also first dwell on the value of
system reliability, and on the mechanisms for ensuring adequate system reliability in the
market. We first discuss attributes of system reliabiléywd argue that it bears the
characteristics of public good Secondly we look into measures to deal with this market

imperfection.

4.3.1 System Reliability as a Public Good

System reliability refers to the overall quality of the system, in terms ofdrexyuand voltage
stability, and the general reliability of delivery. These system qualities at the same time
represent quality attributes of the delivered commodity itself. As, gushquality dimensions

that are experienced by all users and produdetiseogood. We will here argue that system

reliability to a large extent adheres to characteristics of a public good.

Economists use two conditions to characterize a pure public good, that is, a public good is

nonrivaling and norexcludable in use:

- Nonrivaling in use:A good is norrivaling in use when the consumption of the good
by one person does not reduce the quantity of the good available for others. This is in
contrast to private goods where the benefits of a particular commodity or service

accrueto a particular consumer, and to that consumer alone.

- Nonexcludable in useA good is norexcludable in use if it is impossibler
extremely costlyto deny others the use the good. In contiasthe case of a private
good, others can be excluded iéyhdo not pay the price of the commodity.

In our opinion, system reliability is a public good. To see this, let us first note that both power
producers and power consumers benefit from the supplied system reliability. It is quite self

evident that consumerprefer a stable frequency and voltage level, as well as low
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probabilities of interruption. Power producers also benefit from high system reliability, as it
ensures a stable production environment, and since electricity prices in a system with higher
sysem reliability, in all likelihood will be higher than in a system with lower system
reliability. For both consumers and producers, there is also a value associated with the
preparedness of the system, i.e. the fact that ancillary services at all tinmesdreo be

used, even if they are not to be activated. This represents insurance as to the working and
quality of the system, which all users connected to the system benefit from. In sum, we find it

reasonable to assert that all producers and consunmaftlieom high system reliability.

Let us now argue that system reliability is a swaling good, as well as a naxcludable
good: If one consumer benefits from a high level of system reliability, this does not hinder
others from benefiting from the s& system reliability. This implies that system reliability is

a nonrivaling good. It is also reasonable to characterize system reliability as a good from
which it is not possible to exclude others from using it. If a producer or consumer is
connected tdhe grid, it is in practice not possible to exclude him from benefiting from the
system reliability. The only possibility for exclusion is to deter him from using the network at

all.

We do, however, in one instance find that part of system reliabilitycisidable in use, in the
meaning that it in this instance is possible to register and collect payment for its use. This
concerns part of the secondary regulation. Here it is possible to charge each participant for the
deviation between their realized powead measured as energy within the hour, and their
commitments of delivery. By charging for these deviations, the market participants face
incentives to avoid deviations as far as possible. This may in turn partly reduce the overall
need of secondary relgtion reserves. Note, however, that deviations and balancing needs
within the hour are noexcludable in use. This follows as it within our hourly settled energy
system, is not possible to track the ifti@urly balancing needs to the single particip&ot.

the other aspects of system reliability, our conclusion is nonetheless that the system reliability

IS a public good.

4.3.2 Measures forEnsuring System Reliability

From economic theory we know that special measures are necessary to attain an ogitimal an
efficient level of the public good in the market. To see this, let us first consider a market for
the normal competitive private good. In this market, efficient market allocation follows from

market clearing based on the supply and demand bids of tivediral participants. Further,
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the participants know that they only will be able to obtain the good in the desired amount, if
they state their true willingness to pay. However, if the same normal market framework is
instituted for the public good, the matkequilibrium will not be efficient. In particular, less
than the optimal level of the public good will be provided. Due to itsexmiudable and nen
rivaling nature, the individual market participants do not have incentives to bid their true
willingnessto pay. The result is that the supply of the public good will be too small, or to the

extreme not provided at all.

Thus, a market based on normal market mechanismsywhere individual supply and
demandaloneform the base of the equilibrium marketoakhtion, is not able to provide an
efficient level of the good system reliability. Total wealth of the society can, however, be
increased, if the supply of the public good is increased. To achieve this, public policy
measures are called for. The main tasksproviding the public good system reliability
include: i) the optimal total level of system reliability has to be found, ii) the production of
this level has to be financed, and iii) the optimal level of the good has to be supplied in a cost

efficient manner.

i) Optimal level of system reliabilitfconomic theory states that the optimal level of a public
good is the level at which the marginal cost of providing the public good, equatatbmal

public benefibf the good. The marginal public bene$ithesumof the benefits of the private
individuals. For system reliabilitythe implication is that public authorities estimate and set
the required level of system reliability. In the Norwegian electricity system the regulatory
office, the Norwegian War Resources and Power Board (NVE), has delegated this task to
Statnett SF. Within a closer specified framework, Statnett SF is to specify and make operative
the requirements of system reliability, covering both the generation and the network aspects.
In principle, the level of system reliability is to be set so that the marginal cost of increasing
system reliability, corresponds with the marginal public value of improved system reliability.
A nontrivial aspect here is to assess the public value of systkafility, a value which is

not reflected in any markets. A method commonly used for assessing such values includes the

uses of surveys

i) Financing: The provision of system reliability also has to be financed. An objective in the

choice of financingystem is to find a financing form that minimizes the costs to society, both

8 As an example see Haugland, Meyer, Rad Singh (1989) for the design of a survey related to the
value of the quality of delivery to consumers. This survey was carried out in 1990/91 and also in a
modified version in 2001. It was among other things used to evaluate the value of differegt qualit
dimensions in the electricity system.

Linda Rud Selected Topics on Early
Essays on Electricity Markets 106 Electricity Market Design in Norway



SNF Report No. 10/09

as to explicit transaction costs and as to implicit costs following from imposed deviations
from the optimal market solution. In this question we argued that a financing btagtisl

could be a highly relevant financing form, which also reflects the close connection of the grid
and system reliability. There are though several challenges as to how such charges should be

implemented.

iif) Cost-efficient provision of ancillary seices:The third issue is related to the ceéficient
provision of system reliability. The system operator supervises the operation of the power
system, and is responsible for the general system reliability. In relation to ancillary services,
the systenpperator ex ante has to procure reserves for ancillary services, ensuring that the
necessary capacities are available-teaé, and in accordance with necessary specifications.
During delivery the system operator has the responsibility fortiraal runnng supervision

and adjustment of the power flow to maintain system reliability. In teg®rves are activated

when necessary to balance the system and maintain the quality of the system. Challenges of
market design are here to construct mechanisms dinétitsute, on one hand, to the efficient
allocation of resources to reserves/ancillary seryi@sus to alternative uses of the capacity

in the market system. On the other hand, the mechanism should ensure that it is the most
efficient of the availablaeserves that is activated. These issues will be the topic of the

following two sections.

4.4  About Pricing Systems for Power, Energy, and Ancillary Services

We now turn to the pricing systems for power and energy in the unbundled electricity market.
In many respects the core markets of the competitive electricity market are the spot and
futures markets. These are markets in which the pricing and allocatemengyis central.
However, energy markets alone do not suffice to ensure an efficiently worlkicigicity
market. This is due to the multifaceted requirements related to the supply of a reliable
continuous flow of power. As we saw above, coordination and control cfimealpower
system operation is carried out by the system operator, while tlessaeg equipment is
owned by generators, and at their disposal. This implies that market signals and incentives
from the pricing systems of the market play a crucial role in the allocation of these resources
in the short and long run. The objective of n&rélesign is to construct pricing systems that
provide incentives that will contribute o efficient shortterm allocation, as well as signals

for efficient longterm investment strategies. Following the closer integration with other

power systems, it vgaalso important from a Norwegian welfare point of view, whether the
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pricing systems sufficiently would reflect the value of the flexible hymbwer generating
capacity, and thus provide the producers with a remuneration that reflects the intrinsic value

of these resources.

Our focusin this sectionis to consider the extent to which the existing pricing systems
reflected the different dimensions of power and energy capacities, and the resulting
implications for efficiency in the short and long run. Ntitat we here use the tenpnicing
systemmuite broadly, by referring to all markets and arrangements that set the framework for
trade in the electricity system, and thus covering organized markets as the spot and regulation
power market, contracts and p#fysystems organized by the system operator, and network
tariffs. Section 4.4.1 first discusses the continuous nature of electricity in relation to pricing
systems, illustrating this aspect with a hypothetical continuous pricing scheme relating to the
coninuous power flow. While this representation in principle may capture all aspects of the
intrinsic value of the good, it is, however, not an operable system. Section 4.4.2 illustrates that
a set ofseveralpricing systems is necessary within an unbundledtrcity system. In effect

each pricing system catches different dimensions of the attributes of the underlying power
capacity. This section also briefly reviews and discusses the then current pricing systems of
the Norwegian electricity system in retati to the pricing of power, energy and ancillary

services.

4.4.1 About the Continuous Nature of Electricity

Electricity is a continuously supplied and produced commodity. The production or
consumption of electricity may thus be fully characterized byctiveesponding continuous
electricity power load function. Let us assume that there is a true momentary intrinsic value
associated with the momentary power load, following from the underlying benefits of
consumption and costs of production. Further, letmgsage a pricing system in which the
momentary dimension of the load profile is accurately priced. A candidate for such a
hypothetical market system would be one in which the momentary power load itself was
priced continuously in redime, in other word a system operating with a continuous -real
time market price function. This represents a continuous integredétime market. Such a
continuous market system might also be visualized in an unbundled market. Here, the market
system would be disintegraténto a planned, e.g. dahead, market, and a ra¢ahe market.

The planned market equilibrium might be represented by specified continuous planned load
profiles for the period in question, together with the associated continuous price function. In

reattime, deviations would be handled by the reserve capacity, and for example rewarded on
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the activation of the capacity by means of a continuous price function. This would in turn also
represent the payments to be made by the participants who broughthedeniation.

These are both hypothetical scenarios, where the value of power load in both systems may be
interpreted as the value of momentary supplied electricity, and represented by continuous
market price functions. Such a pricing system, even if revechnologically possible, would

in all likelihood be extremely costly and represent a severely complex system. As such it
woul d, with todayo6s t e dehancost wogan incenpiveefficienb | vy no
market system, and also undermine tlfiiciency of market signals compared to a less

accurate system.

Still, the nature of electricity is in fact continuous. While the continuous pricing system is not
possible (nor desirable) in reabrld electricity markets, a general approach to the coaotia

nature of electricity is thus to quote electricity in terms of energy, where the commodity is
traded, registered and settled in terms of energy. Note that pricing systems based on the
energy concept represent a discrete approximation: The commitfremergy to be supplied

within each time period is a discrete approximation of the continuous load profile, while the
energy prices which refer to given consecutive time periods may be interpreted as a discrete

approximation to the (hypothetical) contingaorice function.

Note, however, that even thoudje product in trade is dealt with in terms of energy, all
production and consumption of energy is neverthelas$act associated with a given
continuous loagrofile. To ensure a smooth functioning oé thystem, in principle, it would

have been desirable to specify the load profile of every energy commitment. For example, an
hourly energy commitment could be specified as e.g. a flatpoaftle within the hour. Since

all production and consumption, isgistered and settled by the hourly amounts of energy,
this, however, means that any deviations from the specified load profile cannot be controlled
nor priced. The basic insight here is that the chosen time disaggregation of the market system
in fact defnes the finest possible measurement of the load profile, and thus represents the

minimum amount of energy that can be controlled.

The choice of the minimum time period on which the markets and pricing systems are based
upon, is thus a fundamental choidetlte market design. Shorter settlement periods represent

a finer approximation to the continuous load profile, and to the continuous price function. In
principle, by continuously reducing the chosen standard settlement of the market, for example

from houty to halfhourly prices, from hathourly to quarterly prices, or prices per five

Linda Rud Selected Topics on Early
Essays on Electricity Markets 109 Electricity Market Design in Norway



SNF Report No. 10/09

minutes, the energy market itself provides a closer approximation to the continuous load
profile of electricity, but at the same time represents an increasingly more owstget

system.

A further implication is that any discrete approximation to the continuous commodity, alone
is not sufficient to cover all crucial dimensions which are important to the efficient allocation
of electricity resources. The market has to proadmals for an efficient allocation also in
relation to the handling of the momentary balance of the system. Thus, the continuous
commodity of electricity in realvorld electricity markets has to be handled in a number of
different pricing systems, eachtiv different focuses, for example on planned vs. unplanned
aspects, energrelated vs. momentary poweglated aspects, etc. The chosen systems may be
interpreted as systems that in different ways price the ex ante and thiemecahlues of the
power lad. This also illustrates that the normal comprehension of what is considered as the
pricing and value of power load and energy dimensions, in fact is a product of how the
mar ket ds pricing system is defined. Hel ow
Norwegian market system contribute to visualize the value of different dimensions -of load

adjustment, power load, and energy.

4.4.2 Pricing Power, Energy and Ancillary Services in the Reformed Norwegian
Electricity Market

Our focus here is on pricing ®gms within an unbundled electricity system, and in particular

on how the value of power load adjustment properties and ancillary semiaegeflected in

the unbundled Norwegian system. We first consider planned aspects of the supply and

demand of elddcity, and proceed with pricing and allocation systems that handle momentary

and stochastic aspects of the supply and demand of electricity.

- Markets for Planned EnergyMarkets for planned energy deliverances are central to the
unbundled electricity sysm. In principle these markets comprise organized spot markets,
as well as organized and unorganized forward markets. The planned spot market is in
effect advery-shorttermbforward market, but is by convention termed a spot market. In
Norway, the spot mrket is a dayghead market, as described in chapter 2. The former
delivery-oriented weekly market could be described as an organized forward market,

while the trade obilateral contractss anunorganized forward market. Note also that the
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Norwegian markt is settled by the hour, implying that all trade is measured in terms of
energy within the hodr.

The spot market plays an important role in signaling significant aspects of the value of
planned power load capacity. For example, prices are increasipgakioad hours as
increasingly more costly marginal production capacity is accepted in the market
equilibrium of the dayahead market. Likewise, prices are lower in periods with low
power loads. As such the variation of spot prices from hour to houmafgies a power

load related pricing, and the hourly based prices may be interpreted as a discrete

approximation to the true value of tplannedcontinuous load.

A question related to the spot market, as well as to the Norwegian energy market in
general concerns whether a larger integration with thermal systems will have implications
for the optimal disaggregation of time in the Norwegian market. A change in this respect
was already to be observed in the transition from the relatively isolated Norwegian
market, to the integrated Norwegi&wedish market. While the Norwegian market
originally operated with spot contracts covering price sections, i.e. a given bundle of
hourd®, from 1996 following the establishment of Nord Pool and the integrated market,
the market was to be cleared on hourly contracts. Following a further integration with
more thermally based systems, shorter periods for spot contracts, as well as for general
physical settlement, could in principle prove more efficient. It mightthat afiner
approximation to the continuous power load, e.g.-halirly prices, more accurately
could signal the underlying variations of costs and benefits of the varying power load. In
general the benefits of a closer approximation must be held againststeeota closer
approximation. For example, might be that shorter settlement periods would be more
beneficial in a thermalystemthan in a hydrgpower based systerdue to thénigher costs

in adjusting loadn the thermal systene.g. regardindpoth maginal costs, ramping costs,

and other start/stop costAwaiting the future development in the market, this was,
however, left an open question at the time.

Before proceeding to other dimensions of the pricing system, let us also dwell a moment

to discus the implications for spot price formation in the Norwegian market of a closer

8 Until 1996, however, the spot market, i.e. the daily market, operated with spot contracts that covered
socal |l ed 6pr i c e sised of bne or sederal houTde enarketpace of the price section

was tus the market price for each hour within the price section.

% Even though spot contracts covered several hours, note that the basic time unit of physical
settlement was one hour.
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integration with thermal systems. In principtee cost of meeting planned pealad in

the thermal system tends to be more costly than in the Norwegian hydro power system. It
would thus be expected that a more integrated market would enhance the prices in peak
load hours, thus contributing to a larger remuneration of power capacity also within the
hydro-power system. Likewise, it may also be expected that higherdatravarations

may follow from a closer integration with thermal systems. As silehenergy markets

by themselves provide a meaoksremunerating the power load capacity of the hydro

power system.

- Planned Load FollowingCommitments of spatontractsand physica forward contracts
specify the hourly committed production or consumption of energy. Due to the hourly
specification of energy, the energy commitments are represented by discrete energy
amounts for each hour. Consecutive hours with steadily increasingyes@mmitments,
however, imply a steadily rising consumption. Though the commitments are specified as
discrete jumps in energy, the real nature of demand will be a continuously rising energy
output. To a large extent these variations take place systaityatiand may be
anticipated. It will then be efficient to plan production so that it follows the anticipated
consumption. While the general delivery contract is specified as a standard load profile,
arrangements may be made so that some generators $oggljollowing services by
following the anticipated rate of change in the power load. This might, for example, be
specified as a commitment to supply the agreed energy amount, not as a flat load profile,

but for example as a continuously rising load peofiithin the hour.

Within thermal systems loafllowing may be relatively costly, while the costs of this
senice within the purdnydro system in comparison are moderate. In power systems
wherethe costof load following is low, such as a hydrepowersystem, it hadot be
custom to define predictable load following as an ancillary service, but rather more as an
attribute of how the energy commitment is to be supplied. To our knowledge there only to
a smaller extent were systems for pricing or remuimgyahese services. In other systems
where load following is a costly servicewasmoreusualto include load following in the
category of ancillary services. As sugblanned load following services in principle

represent an intersection between ndremergy deliverances and ancillary services.

- Secondary Regulation Reserves: The Regulation Power NMakste from the

anticipated power load variations, there will, however, still be unpredictable momentary
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variations in the produced and consumed poWead. To balance the system, these
variations have to be handled by means of ancillary services. The Norwegian regulation
power market here plays an important role in handlimgplannedload variations,
including both deviations from plans and inbraurly load variations. The supplied
service in this market is defined as the supplgedfondary regulation capacijtyurther
specified as a capacity for load adjustment within a response time of maximum 15
minutes. The price mechanism was described in detahapter 2. To sum up the main
issues, note that the supplier of such capacity places his bids in the market after the day
ahead market is cleared. The bids state the price at which the capacity can be activated.
During the course of delivery the capadgyactivated based on a merit order (with special
rules in the case of congestion or other geographical considerations). The capacity holder
is remunerated if activated, at the price representing the cost ofadtgnal capacity

used, but does not receianything if not activated. As such, the regulation power market
also represents a market where power load capacity is priced, with a premium payment

associated with the unanticipated and fmaamentary nature of supply.

Other Ancillary ServicesAt the ime of our research, a greater part of ancillary services
in Norway were procured by order of the system operator, and was in many instances only
offered minor compensation. NVE (1994) specified the details of the responsibility for
system reliability. Thogh Statnett as a system operator has the overall responsibility to
supervise the system and to ensure smooth running operations, each plardlsoreet

a defined responsibility of contributing to a reliable system, with specified requirements as
to e.g technical equipment, voltage, active and reactive poared energy production.
These requirements were enforced through the-ggichection contracts with Statnett.
The main principle was that the plant owner in general had the obligation to contribute
with ancillary services, such as for example for frequency regulation and reactive power,
only restricted by the technical specifications of their equipment. Furthermore, plant
owners were only compensated to the extent that their contribution exceed#edpe

limits, and also if the plant owner incurred special costs or losses due to their obligation.

We haveaboveprovided a brief overview of pricing systems thathe timan different ways

reflected the value of powdwad related capacities and \@ees. The Norwegian market

reform took place at a time in which there was a relatively large abundance of such capacity.

On one hand this implicitly implied that elaborate pricing mechanismsptedously not

beennecessaryo ensure an efficient allocah of these resources. On the other hand, the
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market system, regardless of the abundance of the resources, still had required systems for
handling the continuous aspects of electricity. We also saw that the power dimension in many
ways in fact was refleetl in the price structures of the markethrough varying intralay

hourly spot prices,- through the regulation power marketducing higher prices for
regulationpower than for ordinary planned spot commitmentsand through any ancillary
service relted contracts. Later oihe transition to a more internationally integrated market
was however,expected tamply a new market situation, with a greater scarcity of such
resources due to a higher demand and willingness to pay for these services. dtheas t
expected that this changed market situation to some extent would be reflected in market
prices whichpartly would provide a larger remuneration of such services. An example of this
would be a development with higher pdakd prices and higher regtitan power prices.
However, our concern was whether these market strudheiesveredeveloped in a time of
abundance, alsm the new scenariovould suffice to provide sufficient incentives for an
efficient and reliable working electricity system in thleort run, and to promote efficient
investment strategies in the long run. This is the topic of the following section, where our

focus is on alternative pricing structures for ancillary services.

4.5 An Alternative Price Structure for Secondary RegulationPower and

Other Ancillary Services
As we have seen, the unbundled electricity market system consists of several different market
and pricing systems, so also in the Norwegian market. The questiwnvas whether the
existing pricing systems would be abte dontribute to an efficient resource allocation in a
more power oriented market with a greater scarcity in the capacity for these services. In its
full extent the answer to this question would require an extended analysis of the market
systems looking ito the explicit and implicit treatment of the power dimension and covering

qguestions qf for example, optimal time disaggregation, and the efficiency of trading

we limit our scope to a discussion on the pricing structure related to ancillary services in
general, and to the supply of secondary regulation power reserve in particular. Section 4.5.1

discusses possible inefficiencies related to the pricing systems ib&argnservices. Section

8 This reflects that the efficiency, as well as the need for ancillarycgsivalso follows from the
interaction and efficiency of the other parts of the market system. For example, if tabeday

market gives incentives for more accurate plans, and to adhere to these plans, the result may be lower
need of secondary regulatioapacity.
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4.5.2 proposes a twiter price structure for ancillary serviceSection 4.5.3 discusses a
representatiomf such a scoring rule as proposed by Robert Wilson. Section 4.5.4 discusses

this structure in relation to the Norwegian hygoower based electricity market.

4.5.1 Inefficiencies of the Current Price Structure of Ancillary Services

The provision of adequate system reliability is not possible to achieve by the market alone:
Central control ofthe momentary balance and systemalifly is necessitatedAs system
reliability also isa public goodthis impliesthat the optimal level of system reliability would

not emerge by itself in a normal market setting. Here the system operator has the
responsibility to estimate the optimal &yandto ensure that this level is adequately and
efficiently supplied. To serve this role, the system operator has to procure the necessary
services in a manner that contributestie shortrun costefficient provision of system
reliability, while at he same time giving incentives for efficient investment strategies.
Moreover, as this is a market with only one buyer, a basic prerequisite is also that efficient
regulatory measures are in place. This requirement follows from its inherent charact#ristics

a natural monopoly. In the following we will assume that this framework is in place, and turn
our attention to the mechanisms for the allocation of these ancillary services. As a first step,
let us review a discussion by Rud and Tjgtta (1996) whertothus was on possible sources

of inefficiency related to the price structure of the regulation power market in particular, and

the pricing systems for ancillary services in general:

- Shortterm resource allocation of the regulation power marKédte shorterm allocation
of secondary regulation power is handled by the regulation power market, which is
described in detail in chapter 2. Note that it is up to the supplier of reserve capacity to
decide whether to offer his capacity in the regulation power markeit. By bidding and
being accepted as a capacity holder, he is remunerated by the regulation market price if
activated, but receives nothing if not activated. As argued in chapter 2, this per unit
activated energy remuneration is normally higher tin@nper unit remuneration received

in the spot market.

If there is scarcity of capacity, the generator will offer his capacity in the regulation power
market if this alternative represents the most profitable usage. The most likely alternative
is to employthe capacity in the spot market. This means that a rational particapnt
will offer reserve capacityn the regulation power markétthe expected profit of this
market exceeds the profit of expected spot saes, where alsdalifferences in the
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uncetainty of profit have to be consideredrFor spot sales, the expected profit follows

from the expected spot price and cost of production, both of which are clearly defined.
Likewise, for sales in the regulation power markeg, éxpected profit of offeringapacity

in themarket also follows from the expected remuneration less expected costs. However,
the remuneration iherehighly moreuncertain and complicated to estimate: It is on one
hand dependent upon the probability of being activated, which instawontingent on the
probability that deviations wil/ occur , t
and its implied place in the merit order list. On the other hand the remuneration is also
dependent upon the activation price, which algpethds on e.g. the size of deviation and

the marginal accepted bid. The expected costs consist of the costs of holding the reserve in

the required state of preparedness, and direct variable costs of activating the reserve.

As such,the participant does hauncentives to channel capacity to the market which
offers the highest expected proflh a market with abundance of such capacity, we
believe that it is probable that adequate capacity probably will be offered in this market.
Likewise it is reasonabléo believe that normal competitive market foreesa tighter
marketto some extent will contribute to raising the premium of the regulation power
market. However, given that there are costs of holding reserves, thrropgce of the
regulation power mrketmust cover both activation and reserve holding. As the capacity
is not always activated, this price structure may in some respects be likened with a lottery
as to the remuneration of capacity holdidg theuncertainty ofthe regulation power
profit in this sensds higher than the corresponding uncertainty of profit in the spot
market this risk of nospayment has to be taken into consideration in bidding, as well as
in the allocation of resources amongst different usages. A basic question ishieénerw

this aspectould constitute problems for the sufficient supply of capacity to this market

the short run.

- Longterm resource allocation of the regulation power markétte that n making the
capacity available, the participant supplies a servihich represents a benefit for the
systemin terms of ensuring system reliability. At the same time, however, this represents
a cost for the participantf there are problems related to the sufficient supply to this
market in the short run due to thecentainty of remuneration, a likely implication is that
the mechanism neithewill induce sufficient investments in the long run. It should,
however, be noted that investments in capacity with dual appliances, are triggered by

price expectations in bothes
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- Supply of nnenergy oriented ancillary servicest the time of our research, a greater
part of ancillary services were procured by order of the system operator, in many
instances offering none or only minor compensation. Given that system reliabisty
public good, the requirements of the capacity holders to supply ancillary services can be
interpreted as an allocation of the costs of system reliabsiitze the costs of normal
ancillary services are charged the plant owners. However, this fodmancingd may
have adverse implications for investments in ancillary services, as the investor in
assessing future investments will consider the supply of ancillary sepaddgas a cost,
while it from a systenpoint of view actually represest kenefit. This argument in effect
implies that other financing forms should be considered, along with other systems for

remunerating the supply of ancillary services.

These issues may indicate potential inefficiendmedh in the shortun with respectto the
allocation to ancillary services versus alternative usagesbin the longrun with respecto

the incentives for investment&or secondary regulation reserves, the regulation power
market constitutes an important foundation and starting point fariding marketbased
incentives for ancillary services. The question raised whsther efficiency could be
improved by employing price structures and pricing mechanisms that to a larger extent

reflected the inherent nature of the supply of ancillary sesvic

4.5.2 Capacity Options: A Two-Tier Price Structure for Ancillary Services

In the quest for a more efficient price structure, let us turn to the underlying cost attributes of
ancillary services. A common characteristic of ancillary services is thatapacityhasto be

held in preparednesswaiting the need for the capacity to be activated real timeserh

characteristics are reflected in the costsugiplying these seices:

- Reservation coststn putting capacity at the disposal of the system atper the
generator provides necessary reserves to ensure the system reliability. In holding the
reserve in the required state of preparedness, the plant owner incurswdstas for
example extra energy costs, costs of -noptimal operation of the pl#s extra
workforce costs, and alsmstsin terms ofthe foregone profit from alternative usage
of the capacity.The size of eservation costs, howeveyreatly vary for different
production technologies, and are in general higher for thermally basewltzgles,

than for hydrepower based generation.
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- Activation costsThere are also direct costs of activating the reserves, as for example
energy costs, extra costs due to-optimal plant operation, extra wear and tear of the
system, and start/stop cosfdso in this respect, costs vary greatly across different

production technologies.

This clealy differentiated cost structure is important in defining a mechanism, where the
objective is both to ensure an efficient allocation of reserve capacity, afftceamehandling

of disturbancesAlso note thatthe same differentiated structucan be identifiedn the
benefits of the system reliability, where there are values associated with the preparedness of

the system, as well as with the direct handlingistudbances.

This twotier cost structure wasneither reflected in theprice structure of thecurrent
regulation power market, nam the pricing systems fasther ancillary services: The existing
regulation power market employed a drex price, wherehe remuneration of capacity was
related to the activation of capacity only. In a normal market, thermally isa clear
correspondence between the price and the marginal\dkta onetier price, the activation

price not only has to cover variable tsf activation, but also costs of capacity reservation
Under the onetier price structure, it is difficulto accurately prie these two important
dimensions of ancillary services. For other ancillary services, we saw that in many respects,

neithercompmpnentsof the cost structure were remunerated.

Following this, Rud and Tjgtta (1996) proposed that the contract for ancillary services took
the format of a physical capacity option. The capacity option is based on the use dfea two

price structure anthechanism for ancillary services:

- A reservation price:The reservation price is paid for the reservation of capacity,

regardless of whether the capacity is activated or not.

- An activation price:The activation price is paid on the activation of the raserv

capacity.

This twotier price structure reflects the underlying structures of costs and befidfds
reservation price corresponds to the costs of holding the reserve in preparddieess
activation price corresponds to the costs of activating theveeddote that in this, the market
prices also provide the system operator with better information on the costs of reserves and of
activation, which is important information in planning levels and methods of achieving

optimal system reliability.
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The proposeé contract for ancillary servicesay betermed acapacity option This follows as

the system operator in requiring the capacity for ancillary services, buys the right to activate
the capacity as specified, but does not have any obligation to activatepiaty. The seller

of the capacity option, however, has the obligation to be in preparedness for activation. In
relation to the option framework, we see that the reservation price can be likénedpbon

price, and the activation pri¢e the strikeprice.

In the spirit of the markdiased electricity system, the basic idea is to implement thii¢wo

price struaire in a markebased mechanisrito promote an efficient supply of ancillary
services. We here use the term ancillary service markebiozaal senseA market can to one
extreme be a formalized organized market, such as the regulation power market, and to the
other extreme a market with only a few supplieaasd implemented by more negotiated
solutions. As such, the specific market desigmstrbe adapted to the characteristics of the
specific ancillary service, the inherent competitive situation for the specific ancillary service,
and the transaction costs of different systems. As aforementioned, there is one (regulated)
buyer and in generaleveral potential seller$he main issuef markets for ancillary service

is to bring competition upon the suppliers of these services, and by this provide a driving
force both towards cosefficiency, andiowardsan efficient allocatiorio thealternatve uses

of the capacities and resources.

In the following section our focus will be on the ttier price structureand the rules of
bidding, pricing and selecting capacity for reserves and activation. Before proceeding to this,
let us, howeverfirst comment on some@eneralaspects related to the organization of such a

markef®.

- Differentiation of contractsin principle the required ancillary services are highly
differentiated. This implies that contracts should be differentiated by type of capacity,
regponse time, duration and energy requirements, time of use, priority, and in some

instances also its geographical location..

- Contract period:lt is also highly likely that the contracts will be differentiated as to

the contract period. For the regulationnygs capacity, which is a capacity that can be

8 Note also that the resulting efficiency in the supply of ancillary services follows not only from the
pricing mechanisms of ancillary services alone. It also follows from the interaction and efficiency of
the other parts of the market systdror example, if the daghead market gives incentives for more
accurate production and consumption plans, and incentives to adhere to these plans, the result may be
lower need of secondary regulation power capacity. Such aspects have in part besedlisiths

respect to trading mechanisms and the timing of the spot and the regulation power market.
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put to different uses, short contracts have been used, i.e. referring to specific hours of
the following day®. For other ancillary services, it might be efficient to operate with

more longterm contracts, fon@mple referring to a year.

- Control and sanctionsSince the capacity options not necessarily are used, there are
inherent incentives to wrongfully use capacity that should have been held as a
prepared reserve. This implies that the contracts have todmdpecifications of

control and sanctions.

- Tailored price structure for different ancillary servicéhe general form of the two
tier price structurein principle applies to all ancillary services. In relation to the
individual type of capacity, it migh however be that he weightgiven to the
reservation part and the activation part of the price structure should=aargxample,
for some forms of ancillary services, the costs of activation are negligible or difficult
to measure or register, whichughimplies that the reservation price will be the main
factor. Here, it may be reasonable to implement the structure astieoreservation
based price. For ancillary servicehere activation can be measured and registered,
the full two-tier price strgturemight contribute to a better allocation, in the skron

as well as in the long run.

- Trading mechanismAlso the choice of trading mechanism should be tailored to
different ancillary services, as the number of suppliers and potential of comptition
a large extent varies across different categories of ancillary services. For example,
where there are few potential suppliexsnarket based amegotiations, oa system of
putting the contracts out for tendeight provide the most efficient solutiowhere
there area large number gfotential suppliers, such as in the case of regulation power,
more formalized trading mechanisrosuld be efficientimportant elements asuch
trading mechanismincludebidding formats and market clearing rules bothtfar ex
ante selection of reserves, and the-teaé selection of which reserves to activate.
main objective in the design of this trading mechanism is to intasntives that
promote short and longrun efficiency. An important issue in consideriniget
efficiency of the trading rules,ismoreover, the implied interaction with other markets,

in particular the spot market.

% In principle also other contract periods might be considered for parts of the required secondary
regulation power reserves.
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In the nextsections wdocus on the twaier pricing mechanism with respect to scoring and

settlement rules, and implications othua rule in a hydrtbased power system.

4.5.3 The Chao and Wilson (2002) Scoring Rule

We have seen that the system operator requires a large range of different ancillary services
covering a large range of time periods. practice theremay thus be a lage number of
simultaneous or consecutive markets for different ancillary services and for different time
periods.The ecifications of the ancillary serviemdspecific auction or trading mechanism,

will in principle have tobe tailored to the charactstics of the given product, special
geographical considerations, and the potential degree of competition. In addressssgehe

of trading mechaniss) our focuswill, however, here ben the similar features of ancillary
services, rather than on the dis#arities. In the following we will thereforeonsider aingle

general and stylistic ancillary servide, a competitive setting, and in this instance without

regard to any special network considerations.

We have seen that the supply of ancillary s&wis a twestage operation: The first stage is
capacity reservationin which the supplier of the ancillary service is committed to keep his
capacity available during a specified time period. The second stagevigtion in which the
capacity holder isequired to activate his capaclly order of he system operatofhis is in

turn contingent on the running conditions of the electricity system. Thigoawbstructure is

mirrored in the proposed twiier price structurewith a market priceR™ for reserve

availability, and a market pricp, for activation.Basically, the bid of the capacity holder
will alsobe a two part bid(R',p!), where R' is the required compensatiéor holding the

capacity available, ang! is the per unit required compensation for supply of energy when

activated, given that the capacity in question has been selected as a reserve capacity.

There are two fundamental elements e$igning the procurement auctiotime scoring rule
and the settlement rule. TBeoring ruksspecify, respectivelywhich bids should be selected
for holding reserve capacity, and which of the selected reserves should be adtiveigdhe
course of devery period The settlement rule specily how the selected capacities are

remunerated, i.e. how the market prices Rf and p, are established. Both rules have

important implications for the incentives of aaking, including incentiveso represent the
true underlying costsversus e.g. incentives of gamings such, the scoring and settlement

rules are crucial to the efficiency of the market.
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During the time of this research project, Robert Wilson visited thevéipan School of
Economics and Business Administration, and argued in fav@isef of simple, buhcentive
compatible scoring and settlement rules. In table have summarized the scoring and
settlement rule for the case of an incremental reservextmmple an incremental secondary
regulation power service. The reader is referred to the later published article of Chao and
Wilson (2002) for a more general representation, with details and proofs on the efficiency and

incentive compatibility of this fe.

Scoring Rule Settlement Rule

Selection of capacity reserves iy Every accepted capacity reservg
based on a merit order ranking ( is paid the same pricR ", which
the capacity reserve bidR'. is given by the lowest rejected
capacity bid.

Capacity Reserves

During delivery reserves are Supplied energy through
activated on a merit order rankir activation is paid the uniform pe

Activation of their activation bids! . unit spot pricep. given by the

bid of the marginally activated
reserve.

Table 7 A incentiveompatible scoring and settlement rule for an incremental capacity res

Candidates fothe scoring rule would in principle be albmbinatiors of the two pats of the

bid. A main issu@f the scoring rule of Chao and Wilson (20@2)heentire separation of the
two parts of the bidThe selection of capacities that are to be held avajlalslavell as the
capacity settlement pricés based on the reservepeaity bidsR' only. Given the available

preselected capadéts during delivery, theactivation of capacities to supply incremental

poweris likewisebased on the activation bigg only, which also provie the bais forthe

settlement pricep, . A basic feature of these rules is that they encourage the supplier to bid
according tohis actual marginal costs. As such the rules contribute to avoiding the common
fallacy of combining the two parts1ithe same scoring rule, which has shown to have

important counteefficiency incentive implications for bidding.

Note also that the main differenbetweenthe above procurement auctiandthat of the
regulation power markeis the two-part natureof the procurement rule: Thregulation power
market is based on the energy bid and settlement trdwugh or this part, the scoring and

settlement rulgearebasically the same.
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4.54 A Discussion on he Chao and Wilson (20025coring Rule in aPure Hydro-Based
Power System

Thetwo-tier price structure based on the above scoring and settlemergxplestly rewards

the service of holding the capacity availalde one handand the service of activating
capacityon the other handRealized prces under sdrt a pricing schemavill, however,
dependon the fundamentals of the underlying technologies, as weheaspecific market
conditions Let us now briefly consider factors which might affect price formation under the
two-tier price scheme in a pure hydrower system. Mre specifically we considerthe
ancillary servicesof secondary power regulation, illustrated in the case of capacity for
increasing the momentary loa@lo focus onkey aspects of the hydro power system, price
formation is discusseith a sdting of several simplifying assumptionse. that both the spot
market and the regulation power market are fully competitive, that there are no network

constraints, and that the capacity holder in the short run perspective is risk neutral.

The patrticipat has two alternative uses of his capacity, i.e. either to offer power in the spot
(day-ahead) market, or to offer his capacity in the regulation powert{re@) marketFor a

given delivery hour the capacity can be sold in only one market. In prirttipleational
participant willwish to sellhis capacity in the market which offers the highest prastsuch

the bidding in each market will depend upon the sequence of the two markets. A stringent
analysis of the bidding process and price formatiors tiuould have to take this into
consideration. Our intention here is, however, only to draw attention to more fundamental
factors that might affect the value of reserve holding and activation. In this we take the

simplifying hypothetical assumption that timarkets are cleared simultaneously.

Let us now draw our attention to the reserve capacity and activatiogRbig!). It is

reasonable to assume that in this setting, that the bid will reflect that the capacity holder
requires at leashe same profit as in the alternative of sales in the spot market. Furthermore,
an important implication of the above scoring and settlement rules is that the participants may

set both elements of the bid independently. This follows as the selection amd) fi
capacity reservation only depends upon the submittedidand likewise, the selection and
pricing of activation only depends upon the submitted IpdsLet now us consider which

factors affeceach parof thebid, given the above assumptions.
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TheActivationBid p|

If the capacity has been selected as a reserve, the capacityfecleigesR, regardless of
whether the capacity is to be activated or hotadlition, the capacity holder receives if
the capacity is activatedhe selection for capacity activation (from the reserved capacities),

as well as the market activation price, is furthermore based on the activatiqgs loidly. As

such, he activation bidp| is, according to the scoring and settlement rutesy relevantf
the capacity has been selected as a reserve. Given that the capacity has been selected for
reserve holding,he net pofit of activationfor a given participantp! , is p! =p. - V! - ¢/,
where p; is the market price of activation, found by the above scoring nileis the

marginal energy cost of actition, and ¢, are other marginal costs of activation. The
assumption of a competitive market inegl that the individual bid will not affect the

equilibrium price. The net profit will thus be positive if >v! +c!. Thus, under these

assumptions, we have that the activation bid for capacity holagt be p, =v! +c|,
implying a required nomegative profit to be activated. The question is thus what affects the

two factorsv! andc for the hydrepower producers:

- Marginal energy costy': In a hydro power system the marginal energy oestesents

the value othe extra amount of wateisedin the activation of capacitfpr thesupply of

extra energ. Normally a hydro power generator will operate his turbines at an optimal
level, which is at an operating rate less than at full capacity. At this optima] tleeel
amount of energy derived from each liter is maximizZiedbeing activated, marginal
enegy costs will be the same as for spot sales if the producer still is able to operate on an
optimal level. Ifthe generatohasto deviate from this optimal level, the energy produced
per liter wateris reduced and he marginal energy cost of activation yrthus be quite

large, as the change in output intensity applies to the whole production during the time of

activatior?®.

- Other marginal costs! : Other marginal costs in relation to activation of the reserve are

related to for examplstart costs. These costs are, however, expectedriadieely low

in the hydro power system.

% Note, however, that if, asstarting point, the generator operates aside the best point, the implication
is that marginal costs can be low, and even negative, if the activation causes the plant to operate at a
more efficient level.
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Though in principle the marginal costs of activation may be lower than in a thermal system,
marginal costsof the hydro power generation plant miag higher thn in normal planned
production where the capacity is operated at its optimal $tatelation to the onder price
structure of the regulation power market, with bidding after spot market clearing, we would
expect that the same factors affect activajoice bidding under the two price schemes. A
main difference is that the capacity holder under theti@roprice scheme, if selected, is

obliged to offer his capacity and submit bids.

TheReservatiorBid R
The participant may offehis capacity in the spot market as reserve capacityt is
reasonable to assume that the capacity holder will set his bid so that, if accepted, the expected

profit is at least as high as in the alternative of spot sélesexpected profit of offeringis
capacity in the spot markatay be represented &(p.) = E[max(p; -V.-cl ,O)J, wherep,
is the spot pricey. arevariableenergy costsn spot salesand c, are other variable sts,

and whee we have included the condition that the spot market salgswill occur for non

negative profitsThe expected profit of offering the capacitytie regulation power markest
E(pr) =R - C + E[(Ef -V - c‘r)TJ, whereR’ is the market reseevprice, C! are costs of
holding the capacity in a state of preparedneswl E[('ﬁ: -V - ci)rJ is the expected
activation profit, wherel is a stochastic 0/1 indicator function of whether the capacity is
adivated or not.The capacity holder wilish to offer his capacity in the regulation power

market if E(py) > E(p.) . Underthe above assumpti@nthis indicates reserve capacity bid
of: R'=Cl + E[max(p*S - V- ciS,O)]- E[('f): - V- CL)TJ. There arethree main factors dahe
reserve bid, i.eC!, E[max(p; - Vi - C‘S,O)J, and E[(ﬁ: - V- c‘r)l~]:

- Reserve holding cost€!: These are costs of holding the capacity in preparedness in

accordance with the technical specifications ef given service. On one hand, there are
payable costs, for example related to extra workforce needed. These costs are in general
very low. On the other hand, the act of holding the reserve in a state of preparedness may
induce energy costs. The level ofesie costs is highly dependent upon the imposed
deviations from the optimal operation. If offering reserves can be done without diverging
from the optimal rate of production, energy costs of holding reserag®e zero. In this

case the plant is operatet iess best point, which is less than 100% utilization of the

available capacityandreserves are available witht any extra energy costs. However, if
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the holding of reserves means that the plant has to be operated abgtinal rate,
energy costs of diding reserves available may be high. As subis factor is highly

dependent upon market conditions.

- Alternative costE[max(p*S - V- cis,O)J: If the participant has an alternative outlet for his

capacity, tle marginalalternativecost may be positivdf, however, optimal production
plans state the same activity in the spot market regardless of offers in the regulation

power market, this alternative cost is zero.

- Expected profit of activatiorE[(E): - V- c‘r)TJ: This is the profit from activatiorAbove

we saw lhe bid is set so thatithfactor ofexpected profit is nenegative.

We see that the bid to a large extent depends upon the market situation, whether it is a period
with abundant capacity, or a hidfad period with relative scarce capgcitysing a stylized
diagram, let us conclude this section filystratng possible scenarios afharket price
formation in the situations of low and (very) high demand in the spot market. Figure 8
illustrates supply and demand time spot market for a givemour. Thespot marketsupply

curve is given by S. Demand curves are depicted for two situatiyngith low demand and
thus abundance of capacity, aBg, shows demashin a situation of high demaraihd thusa

relaive scarcity of capacity. The figure depicts the market solution before the reserve
requirement is imposed in the spot market, where the spot price, without any reserve

requirements wouldespectively haveeen p,, and p,, given by the intersection of supply

and demand. Let us now assume thatquired reserve isnposedby Q°, and consider the

implications in both scenarios.

In the situation with low demarid, , there is an aindance of capacity in the market, and the

required reserve can be procured without any adjustmetttg ispot market. In this scenario

it is reasonable to believe that the producers in supplying their normal spot and forward
obligations will be able to merate their plants at an optimal level, thus implying that the
reserve holding costs are low or even zero. If the expected profits of activation are high, this

might even drive the reserve holding capacity bid to be zero, or even to be négative

L If bidding for activation were restricted to thelected reserve capacities, an expectation of a
positive activation profit could in effect imply that the reserve holding bid could be negative, as the
selection also implied an exclusive right to bid. If bidding for activation is open for all partigipants
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Figure 8: Spomarket withreserverequirement antligh andlow demand

A possible low demand scenario is illustrated in figure 9 with the aggregate suppli bids
and p,, . The example shows a resulting market pi;eclose to zero. The outconie thus

in effect the same as in the etier price structure regulation power market which has an
implicit reserve price equal to 0. The main differences due to thdigwprice scheme thus

are that the twaier price structure explicitly visualizesahthe zero price is a result of the
abundance of capacity in the market, in addition to the fact that this scheme also obliges the
selected capacities to hold their capacity in preparedness and submit bids for activation. As
for the activation price, wedve, somewhat arbitrarily, illustrated the bids as starting at the
prior spot price, reflecting a required activation price premium relative to the spot market, for

example due to higher costs of activation. This indicates an activation pyiceDifferent

scenarios may be visualized for the activation supply curve, which we, however, believe to a
large extent will reflect the same fundamentals of bidding as in théiesngrice structure

scheme of the regulation power market.

addition to the participants that due to the selection were obliged to bid, the lower bound for the
reserve capacity holding bid is zero.
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Figure 9: Regulatiorpower market withreserve holding price anattivation
price, givenhigh andlow capacityuutilization.

Now considelthe situation of a market where capacity is relatively scarce. This is illustrated
by the situation where demand for a given hour is represented by the high deman@,curve
while the underlying spotupply curve is as before. Note that the required reserve is not
available in the form of production capacity if the spot market first is cleared at the indicated
intersection of the demand cuni2,, and the supply curv& The unrestrited spot market
clearing does as such not support the necessary reserve requitebesér our simplified
assumption of simultaneous clearing of the two markets, the spot market has to be cleared
under the restriction that sufficient capacity has to biaheid as a reserve capacity for

momentary adjustmenits For example, ifS represents the true marginal cost, this would

indicate a spot price op",, .

%2 An alternative or supplement would also be to include other forms of reserves, such as flexible
consumption thiacan be reduced on a short notice.

% Though we will not discuss the topic of the sequential market clearing, let us briefly note that any
chosen structure must secure the necessary reserve capacity. That is, if capacity is scarce, 4.e. in high
load scenaos, it is hecessary to clear the market for reserve capacity prior to the ordinary spot market,
in order to obtain the sufficient amount of reserve capacity. This in particular applies to the reserve
capacity holding part of the auction. However, givest the necessary capacity is withheld from the
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Turning to the bidding for reserve capacity, we note that in this scenario otygctreicosts

of holding reserves in a hydro power system can be high: The alternative costs of spot sales
are high, as reflected by the high spot prices and scarce capacity. And, if power stations have
to be operated at neyptimal levels to supply the oessary reserves, these factors may imply

high costs of reserve holding. This is illustrated by the aggregate bid cumg ,oiith a

resulting high reservation pricR,,. Note, however, that this is but possibléeefs. A full

analysis of price formation requires a more detailed knowledge of cost structures and market

situation€®. Turning to activation costs, if activation entails faptimal operating levels, the
costs and resulting activation pripg, may, as illustrated in the figure be higher than in the

in the scenario of abundance. Also here we, however, expect that the activation bidding to a
large extent would reflect factors affecting the bidding within the current regulation power
market®.

Altogether, if a twetier price structure were to be implemented, the main difference is related

to the reservation of capacity and the explicit capacity reservation prices. We would expect
these prices to reflect the available supply of reserve itgpas well as the level demanded

by the system operator. Higher requirements of system reliability, as well as an increased
export of ancillary related services, may imply higher reservation prices. As suchtiartwo

price structure would explicitly sualize the value of holding reserves, a value which in
principle can be high in a more strained market, which might follow in a more integrated
market. It is also expected to trigger the necessary supply of capacity reserves in the short run,
also with ircentives for investmenits

spot market, the sequence of the spot market and the activation part of the reserve capacity auction
may in principle be similar to the spagulation market sequence normally employed.

% For examplejf by reducing spot market sales, reserve holding enables the producer to operate on
more optimal levels, this would lower the reserve holding costs.

% For example, if the activation occurs at raptimal levels, causing power stations to be operated on

a more ofimal level, the costs and resulting prip’{er| may actually be loweiVe have here not taken

into account the measures like the later imposed requirement in the regulation power market that the
incremental regulation power price bids/ado exceed the corresponding spot price

% |f reserve holding implies frequent operation of the system oroptmal levels, and triggers

further investments in power capacity in the power plants, a possible consequence may also be that
normally sufficient reserves are available when running the system on optimal levels, with low costs
and a low reserve capacity price, and where aieng@rice structure might be sufficient.
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4.6 Current Market Systemsfor Ancillary Services®’

System security and reliability is in Norway the responsibility of Statnett, the national
transmission system operator. In this respect Statnett has the responsibility te ensur
momentarygeneration/demand balance with a satisfactory quality of supply in the power
system at all timesThe Norwegian Water Resources and Power Board (NVE) enforces
regulations related to power system operdfioAs such, the system operator has &véh
adequate operational reserves at its disposal at all times. Here it is stated that the system
operator shall to the greatest possible extent make use of measures which are based on market
principles. Today several systems and agreements are in plagesuce the momentary

balance of the power system:

For secondary power regulation, the regulation power market has been supplemented with
various forms of capacity options which contribute to ensuring that sufficient capacity is

available, as well as praling incentives for investments:

- Regulation power markefThe regulation power market is utilized by the common
Nordic market, and basically operates along the same basic principles as previously.
See section 2.5 for an update on current organizationthenglans of a Nordic

harmonization in the settlement of imbalances.

- Regulation power capacity option markefThis reserves option market was launched
in 2000, in response to the concern that, due to the limited generation margin, there
was a risk that aNorwegian generating capacity on winter week days might be sold
in the dayahead Elspot market to cover Norwegian demand and to be exported. The
capacity options require that the reserves are held in preparedness, and offered in the
regulation power ma. This is a market for incremental power in the form of fast

operating reserves. It includes generation capacity, as well as consumers that can

" The description of current (per summer 2008) systems is mainly based orahfiaterd on

www.statnett.no.

®See NVE (2002) O6Forskrift om systemansvaret i Kk
System Operation) , Oslo, 17 May 2002, www.nve.no.

“I'n Norwegian: 06 Re guMaket kulesadret stafed in Statissfich 19 k2@08)D .

OVil k=r for til bud, aksept og br uk av regul er
Conditions for Offering, Acceptance and Use of Regulating Capacity Options for Production and
Consumption)Descriptions and comments on the systeny fiosa example be found in Borgen, H.

and B. Walther (2006): O6Effektregulering i det n
Wal t her , B. and | .H. Vognlid (2004): 6Statnett 6:¢
Demand RespoesDispatcher, Vol. 1 (6), April 2005.
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reduce their consumption within the 15 minute required response time. As such, the
market has also resulted ansubstantial volume of flexible demand to compete with

generation.

The market is operated on a weekly basis only in wintertime (Noveimiderch)-°.

Prior to the Thursday deadline of bidding, participants place bids stating the required
capacity option pce and the power capacity they are willing to offer at this price.
Statnett systemizes the offers and analyzes the amount to be purchased in each area.
The cheapest offers are chosen up to the desired volume. Other factors influencing the
selection may & network conditions and the different regulating qualities of
generation and demand. The price of the marginally (most expensive) accepted offer
in the area defines the price of all contracts in the area. Thursday at 1400 Statnett posts
information abouthe concluded purchase for the next week. Accepted capacity is thus
rewarded the regulation capacity option price. The following week the contracted
reserves have to be offered in the regulation power market on all weekdays between
05 and 23, with hourlydivation price bids determined by the capacity owner. The
regulation power market is thus cleared as usual, based on these bids alongside bids

from other participants.

- Longerterm capacity options: In addition to the weekly capacity option market
describé above, Statnett also has entered into bilateral agreementdfy&ars
duration with generators. An underlying intention is to contribute to the rehabilitation

of old units and increased size of new units to be installed.

For other ancillary servicesemuneration is on one hand based on negotiations between the
Norwegian Electricity Industry Association (EBL) and Statnett, specifying the rate of
remuneration for different ancillary services such as e.g. load following, reactive power,

etc®%, On the otkr hand, more markétased systems have been developed:

- Market for frequencyegulated reservé® This market started operating January
2008. The products exchanged on this market are power reserves which are

1% Erom the beginning the contracts referred teradhith or tyear basis, subsequently on-aanth

basis, and from Fall 2004 on a weekly basis. The main reason for a shorter contract period was to
reduce the uncertain of participants when offering the capacity, and to enable Statnett better to
estimate and tailor the purchase to the need of capacity.

Ysee e.g. O6Protokoll fra forhandlinger mellom St

landsforening (EBL) omgodtj Rr el se for systemtjenester6, avail

2'n Norwegian: ©O6Marked for frekvensstyrte reser.\

avregning i Mar ked for frekvensstyrte etteoserver o,
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automatically activated on specified variatiomgrequency. The contracts consist of a
minimum base delivery, and a mardketsed delivery. Participants submit bids in the
market, which is operated both on a weekly basis with contracts for specific time
periods of the coming week (i.e. weekedgy, wekdaynight, weekendiay,
weekendnight), and on a daily basis with 24 hourly contracts for the next day. The
main market clearing criteria is price, and the market price is set to be the highest

accepted bid within each area.

- Market for spinning reserv&®: The objective of this market is to secure the operator
access to spinning reserves in theniiute period prior to planned changes in
production levels in the system. More specifically, these reserves are spinning reserves
that may be activated on a limate response time at any point of time within 15
minutes before the generator has planned to increase his production. On signaling their
interest to offer these reserves, the suppliers are remunerated according to specified
pricing formulas if activated.

The above services refer to ancillary services for handling the ordinary momentary balance of
the system. As a system operator Statnett is also responsible for the security of supply of the
system, and has to develop measures for handling severely enargg situations (SAKS),
i.e. in the advent that the market alone is not able to handle the sitffatiorplemented

measures in this respect are:

- Consumption energy optionghe objective is to lower the probability of rationing, by
reducing consumptiomia SAKS situation. Participants submit tpart bids, where
the option price bid states the necessary annual compensation to offer this flexibility,
and the activation price bid states the price on which the option is to be activated, i.e.
when the consuser has to reduce his consumption. Activation may only occur if the

probability of rationing is higher than 50%.

- Reserve generation powdturther, Statnett has purchased reserve generation power,
which is to be used only if the probability for rationingéverely high.

Y1 n Norwegian: ©o&Marked for innfasingsreservedod.
avregning for Innfasingsreserve6, Statnett, Nov
“The framework for establ i s hamanstrengta lsaftsiteasionef or s |
( SAKS) 6) i s gi ven -2004) oS the seeuritd of rsupphyl RleaqurdDde3to be

approved by NVE.

Linda Rud Selected Topics on Early
Essays on Electricity Markets 132 Electricity Market Design in Norway



SNF Report No. 10/09

5 Pricing Network Capacity
In a Market-Based Electricity System

Above we have covered three of the main pricing/market systems that constitute the
fundamental building blocks of the unbundled electricity market, and where each of them
havetheir special function: The spot market is a-dégad market with a focus on planned
energy supply and demand. The main focus of the regulation power market and other pricing
systems for ancillary services is on handling the continuous and momentdrgssimoature

of supply and demand. The futures market has its focus on risk allocation. With the reliance
on a common capacitated grid network, the overall efficiency of the electricity market also
depends upothe efficient pricing of network facilitiesThe fourth main building block of the
electricity market, thus comprises the pricing and allocation systems of network capacity, and

will be the topic of this section.

Due to the common reliance on the electricity grid for transportation, the efficiertbg
allocation of electricity production and consumption is inextricably intertwined with the
efficient management of the grid capacity. Our main focus mdinly be on congestion
management. It is here necessary that electricity markets and grid ma&mageteract, as

any congestion only can be relieved by altering production and/or consumfais This
chapter mainly serves as a brief introduction to the market design aspects of pricing systems
for network capacity, andontainsa brief sample ofhte issues of congestion management.
The chapter is based on Jgrnsten, Rud and Singh (1®@7portant issue in infant stages

was to understand and integrate network aspects in the economic modeling of the electricity
market.First, however, action 5.1briefly comments on the general tariff structufée main

part of this chapter isection 5.2which provides an introduction to the modeling of how
market dispositions are affected by the netwdike section also preseradirst basic view

on efficiencyimplications of congestion management by zonal pric8egtion 5.3 concludes

by briefly commenting on current Nordic methods of handling congestion.

5.1 General Tariff Structure

This sectionbriefly reviews main principles of the pricing of network sersand the main
structure ofnetwork tariffs. In effect, network tariffs specify hotlhie transportation of
electricity is priced. The underlying pricing principles for electricity transportation are in
effect crucially different from normal freight priwy, which often may be based on a-peit

cost reflecting the marginal cost of transportation, and where thegstereisrelated to the
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transport distance. In contrast electricity exhibits several special features, with special
implications for transpation pricing in this sector:

- Subadditive cost functionThe cost function of transmission and distribution may be

characterized as a swaldlditive function, with marginal costs lower than average costs.

- Loopflow features:Power injected to in the nebsk may broadly be characterized as
a pool of energy, where the actual power flow in the grid follows from physical laws
and the overall monitoring of system balance. These physical relations are important
in defining tariffs as well as handling congestiamd are closer described in section
5.2. Here we note that the path of a given transaction is not determinable, and that the
resulting power flow follows from the entire power flow of the grid, rather than the

attributes of the individual power transacti

- Capacity constraints and congestiorhe network has a given capacity. This capacity
cannot be exceeded, as aiyerload would result in an immediate blackout. The
term network congestion refers to the scenafiovhich the planned net demand
implies a power flowfor a given transmission line which exceeds its actual capacity.

Measures must be taken so that an adharloaddoes not occur.

To sum up, and without going into detail, the main implications of these features for

constructing tariffs fotransmission and distribution are:

- Twopart tariff: With a perunit cost equaling marginal costs, revenues would not
cover total costs of transmission. Furthermore, aupérprice which is higher than
marginal costs, might unduly discourage use ofgiiie and is thus inefficient from an
economic standpoint. The implicatioh this isthe use of a twart tariff; a fixed fee
with the main function of covering costs, and a-peit fee to cover marginal costs

such as losses.

- Point tariff: Due to the lop-flow features, the marginal cost of a given transaction
between a given seller and a given buyer is not related to the distaspecific
connectionbetween these two parties. The implication is here that therpepart of

the tariff should be indegmdent of distance.

- Congestion feeAn objective of congestion management is to ensure an efficient
electricity allocation which is feasible within the given network. Demand for
transmission is derived from the underlying energy demands and suppliessi@onge

must thus be handled by adjusting demand or supply. An efficient handling of
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congestion thus implies that changes in demand and supply must be in accordance
with the underlying willingness to pay or marginal production costs. In broad terms,
the trasmission tariff thus has to incorporate some form of a congestion fee. A further

discussion of congestion management is contained in section 5.2.

Following the market reform, there was a thorough revision of the old tariff system presenting

a new structurbased on new pricing principles. The new tariff structure reftdbtiese three

main ingredients. The main change was that the fodstenneb charges were replaced by

so-called point charges Here the charges solely depend on the volume and place where

power is being fed into or tapped from a connection point in the grid, and not on the

(artificial) notion of the path taken. Each agent is charged for the transportation tariff by the

owner of the grid to which he is connected, and the grid owner onlythaysonnection

charge to the grid to which he turnis connected. For example, a distribution company pays

for its connection to the regional grid, and a regional grid owner to the main grid. The

transmission tariff after the market reform (1992) cdesdi®f the following parts:

a)

b)

Energy chargeThe energy charge is a variable charge and consists of two parts: The
marginal loss ratefor feeding and tapping the central grid was in principle
differentiated according to lovwad and peaload periods of theveek, and summer

and winter periods across the year. Thagestion chargevas placed on all power in
bottleneck situations. This was a markesed positive (negative) charge on demand
(supply) on the deficit side of the bottleneck, and a negative (psitharge on
demand (supphyon the surplus side.

Connection chargeThis is a fixed chargayhich isnot dependent upon tleenount of
energy delivezd or supplied on the net. The basis for calculating the charge was the
sum total of generating capacitpdademand in a situation of a national peak load
behind every connection point in the central grid system. ditasgealso applie to

grid owners in other levels, where the grid owner pays the connection charge only to
the grid to which he is connected.

Power chargeThis too was a fixed charge, not dependent upon the varying energy
amounts transferred. The basis for calculating this charge was the measured power
exchange with the central grid in a situationagpotential peak load, adjusted for
availabk unused generating capacity. As for the connection charge, this also applies to

grid owners of regional or distribution networks connecting to the transmission grid.
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5.2 Congestion Management

The transmission grid connects the various regions of theeextuntry. The capacity of the

grid isin the shorrun fixed In periods of high demand the capacity may constrain the power
flow as to what is possible to deliver. Prior to the market reform, priority was connected to the
type of contract underlying thteansaction. Firm power contracts had priority in the network,
while the delivery of power purchased on the occasional market was stopped in the case of
congestion. In this respecthe reorganization of the power markets also changed this
principle. Spoimarket transactions were given full priority, though as we shall see Jzblew
market equilibrium was adapted with geographically differentiated prices to create a feasible
power flow. Further, the fulfillment of bilateral contracts in the case of ctingesad to be

met through spot market transactions. For a holder of a bilateral contract with obligations in
an area behind a capacity constraint, any obligation had to be met by conducting transactions
in the spot market.

In principle, a basic undersiding of the underlying physics ttie power flow, as well as the
interaction of power trade and grid management, is essential to designing an overall efficient
electricity markesystem This applies tahe design of all market systems for the pricing and
allocation of power, as well ds the design regulation policies that affect short and long run
strategies related to grid management, production, and consumption. Moreover, it is important
to incorporate such effects in economic models of the electriwérket to fully assess the
implications of different policy measures. Here it became custom to model an approximation
of the true power flow by means of a simplifié@iCénetwork. This method captures the main
effects due to the loeflow features of thenetwork, while it at the same time renders a
manageable model where it is possible to model and analyze the main economic features of

market design and policy analysis.

This section provides a sample of such modeling, based on Jgrnsten, Rudghnd &6,
which represents one of ofirst steps in incorporating the features of electricity transmission
in market designWith the example related below section 5.2.2, weeek to give an insight
into the intrinsic features of congestion management. Firstyever, the following section

briefly summarizes the basicstbi power flow within the simplifiedDCdnetwork.

5.2.1 Power Flow Equations

Normal power networks are alternating current (AC) networks. A direct representation of

power flows within this nevork involves a rather complex modeling. The direct current (DC)
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network is a special instance of the A€twork, but still involves a rather complex
representation. A further simplification is the simplifiddCo network, which allows us to
work with power variables directly, and provides a more manageable Mddelis further
convenient to assume that all network lines have identical technical characteristics, with
impedances equal to 1 and with no los3#éss is also the basis for our modeling of goaver

flow. We will now review the power flow equations within this simplif@&Coénetwork.

To illustrate, let us now consider the following classic threde network, with production in
node 1 and 2, and consumption in node 3. All nodes are connéuiedhere are three lines

in the network which is illustrated in figure 10.

Figure 10 Threenode electricity grid

Let x, be the net injection of power in nodavherenet production is denoted by >0, and
net consumptiony x, <0. The power flowon lineij from nodei to nodej is denotedy; . If

positive, the flow is in the direction fromto j. If negative, the flow is in the direction from

toi. Thus, we have thaf =- x; . The power flow along each line is given by thpbgsical

laws. The equations for our three node network, with a somewhat simplified explanation are:

- Kirchhof f 6 sstatesuthat the impuat toramndl oetgtdm each node has to

balance. In ou example with three nodes this implies &t = x, + x,

Xy = Xo1 ¥ Xy3, andx3 = Xgp T Xgp-

- Kirchhof f étates that theppowenflove along all paths between two nodes is
equal. In our simple grid, there are only twasgible paths. We can find these paths by
considering the flow of energy from node 1 to node 3: The power can either flow from
node 1 to node 3 directly, or it can alternatively flow from node 1 via node 2 to node

1% The interested reader is referred to Bjgrndal (2000) which gives a simplified overview of AC, DC
and o6 DC fodv analgsis,elso giving further references to read.

18 Equivalently, X, = X, + X3, X, == X, + Xpg, @Nd X3 = = X5 = Xos.
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3. With our assumption of impedance eqtall, the equation for this rule is given

DY X5 = X5 + Xp3.

- The Law of conservation of energtates in our example with no losses, that no

energy disappears. Thus consumption equals total productint & + x, =0.

By solving these gquations, the power flow along each line is found, and may be expressed in
terms of the net injection to each node; = 3x - 31X, X3 =2X +3X,, andX,; =1 X, +2X,.
For example, with all demand in node 3, a production of 9tbae 1, and no production in

node 2, the flow along the lines axg, =30, X,; =60, and x,; = 30.

5.2.2 Congestion Management

Congestion is in principle alleviated by reducing the net demand in the de&eitaad
increasing net demand in the surplus area. The challenge is to create a system that induces an
optimal allocation of power. Several methods have been used, or proposed, such as nodal
pricing, zonal pricing, financial transmission rights, flowgaghts, counter purchases, etc.

Not all methods will achieve the most efficient market solution. A method which is
theoretically optimal, but not necessarily efficiently operable, is thabdél pricing In the

pure nodal pricing method prices are diffgrated by location and represent the shadow price

of injection or withdrawal in each node. A higher (lower) price in a node reduces (increases)
demand and increases (decreases) production, thus relieving congestion.

In the Norwegian system prices are gephically differentiated in the spot market to obtain

a planned power flow which is feasible within the capacities of the network. The congestion
fee arrangement implemented in the daily market is a simplified version of pure nodal, pricing
in the sensdhat prices are differentiated, not by the node, but by zones which are an
aggregation of several nodes. The system was taken over from the former Norwegian Pool for
OccasionalPower, and applied to all power traded on the organized markets of Statnett
Marked.

An important development in theconomicunderstanding of the interaction of the spot
market and the grid in the treatment of congestion, was to include simdbi&iimnodels of

the network in economic electricity market models. One of our firstoagpes is represented

by Jarnsten, Rud and Singh (1996). Among other issues, this working paper takes a first look
at the method of zonal pricing used in the Norwegian market. In the below example, we first

illustrate that the efficiency of the zonal pnig method may depend upon how the zones in
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fact are defined. Furthermore, the examplso illustrates the nowptimality of the zonal
pricing method. Inspired by the work of Wu and Varaiya (1995), the example shows how the
efficiency of the market may benproved by letting participants enter into multilateral
contracts after the zonal pricing solution is known. In this, the example also highlights

fundamental aspects in the integration of market and network considerations.

Unconstrained Three Node MarketModel
We now consider a simple three node market, where all nodes are connected by lines, as
illustrated in figure 10 abovén each node there is supply as well as demand, all of which are

represented as linear demand and supply curves. The supply otinvede 1, 2 and 3 are
given respectively by, =1 x3, p, =3x5, and p, =:£X3, wherep; is the price in nodg,
and x; is the supply in node The demand curves in albdesarethe same, and given by

p, =20- 1—30x;’. In the norcapacitated market, market equilibrium is given by equating

aggregate supply and demand, and clearing #mkehon a common price. TablesBows the
market solution for this exampf. In the absence of network constraints, the price is the
same in all nodes. The demand and supply surplus is given by normal economic defhitions

and line flows follow from the above equations following from the laws of Kirchhoff.

Net |ProduceliConsuner Social
Price | Supply Demand Injection| Surplus Surplus Surplus| Line Flow
Node ] 15.48 | 154.8 90.3 64.5|1198.75 203.95 1402.71 1-2 25.8
Node 4 1548 | 77.4 90.3 -12.9 | 599.38 203.95 803.33 1-3 38.7
Node  15.48 | 38.7 90.3 -51.6 | 299.69 203.95 503.64 2-3 12.9
Total 271.0 271.0 0.0 |2097.81 611.86 2709.68

Table8 Market solution with no line constraints

197 All numbers of the following tables are based on the accurate prices found in solving the market
equilibrium. The represented numbers in the tables are abbreviations of the full numbers, implying that
the represented numbers and sums of the table do not add directly. It may, though be checked that the
represented numbers are consistent with the followiigeg Table 8 and table ldre based on

p, = p, = p; =154838709, table 9 onp, =1541034482 and p, = p, =157241379, table 10 on

p, = p, =152727272 and p, =159272727, and table 12 orp, =151858407, p, =158230088,

and p, =155044247.

1% producer surplus is given by the sales revenue, less the cost of production. For pridsidsr

PS =1 px’. Consumer surplus is defined by the area under the demand curve, less the cost of

purchase. Foconsumeri this is CS =1(a - p)x", where a is the intersection of the demand

curve. Further, in the case of congestion, there is a grid surplus giveSbyg p, xid -apx.If
there is no congestion, this grid surplesO. Saocial surplus is found as the total of all producer,
consumer and grid surplus, i8S=q . PS +g .CS +GS.
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Constrained Capacity: Zonal Pricing

Let us now assume that the maximum capacity of #2as120.0. The above market solution
which implies a flow of 25.8 on this line, is thus not feasible. The implemented Norwegian
method of handling congestion is thatzainal pricing In this method the market is split into
zones that separate the market on the two sides of the capacitatdd lne.threenode
network, there are three possible ways to split the market, as illustrated in figure 11. With
zonal division A, node 1 constitutes a zone alone, while nodes 2 and 3 constitute the other
zonewhere bothshare the same market price. Witmabdivision B, nodes 1 and 3 constitute

one zone with a common market price, while the other zone comprises node 2 alone. Note
that the illustrated zonal division C does not represent a workable division of the market, as it

does not give any control withe capacitated line.

Figure 11 Zonaldivisions of thenetwork

The resulting market solutions for zonal divisions A andr& shown in tables 9 and,1dhd

are found as the allocation that balances the market under the restrictions that the line flow
over line 12 at the maximum is 20,nd that the prices of nodes within the same zone are
equal. Note thawhenprices in different nodes differ, the payment paid by consumers exceeds

the payment received by the producers. The difference is the grid surplus.

Net |ProduceiConsume Grid Social
Price | Supply Demand Injection| Surplus Surplus Surplus Surplus| Line Flow
Node ] 15.10 | 151.0 97.9 53.1 [1140.57 239.76  20.20 1400.53 1-2 20.0
Node g 15.72| 78.6 85.5 -6.9 | 618.12 182.83 1.66 802.61 1-3 33.1
Node  15.72 | 39.3 85.5 -46.2 | 309.06 182.82 11.10 502.99 2-3 13.1
Total 269.0 269.0 2067.75 605.42 32.96 2706.14
Table9 Market solution with zonal division A, when lin@ 1s constrained to 20
Net |ProduceiConsume Grid Social
Price | Supply Demand Injection| Surplus Sumplus Surplus Surplus| Line Flow
Node ] 15.27 | 152.7 94.5 58.2 [1166.28 223.47 12.28 1402.04 1-2 20.0
Node 7 15.93| 79.6 81.5 -1.8 | 634.20 165.87 0.81 800.87 1-3 38.2
Node § 15.27 | 38.2 94.5 -56.4 | 291.57 223.47 -11.90 503.14 2-3 18.2
Total 270.5 270.5 209205 612.81 1.19 2706.05

Table 10 Market solution with zonal division B, when lifi2i§ constrained to 20
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The example shows that both zonal divisions in fact are able to handle the problem of the
restricted capacity of 20 on line-2L However, the acial surplus differs in the two
alternatives, where the social surplus of zonal division A is marginally larger than the social
surplus of zonal division B. This illustrates that the efficiency of the zonal pricing congestion
method is dependent upon hole zones are defined. Also note tlthbugh alternative A is

the most efficient solution of the two, i.e. with the highest social surplus, the two alternatives
have different allocation effects. For example, we see that producers in node 1 and 2, and
comrsumers in node 3, would be better off if the zonal division B had been chosen (assuming

no further allocational measures).

Constrained Capacity: Zonal Pricing + Multilateral Contract

Though the capacity of line-2 is fully utilized under the zonal pricirgcheme, let us now
argue that the social surplus of the market can in fact be increased without violating the
capacity constraint. We will motivate why and how an additional multilateral trade between
the participants, can increase the efficiency of tieak market solution. At the same time,

this also illustrates that the congestion method of zonal pricing does not render the optimal

market solution.

To see this, consider zonal division A, which was the above zonal alternative with the highest
social suplus. Let us now consider hothe social surplus can be increased by allowing
multilateral trade after the market is cleared by zonal pricing. The reason why this is possible

follows from two features:

- First, note that the above zonal solutieas be saidio represent an imbalance in the total
market, due to the capacity constraintthe resulting supply and demand plans in node 1,
we have an equilibrium where marginal costs equal marginal benefits which in turn equal
the market price of 15.10. Howevaroducers and consumers in nodes 2 and 3 have
adapted to a market price of 15.72, which implies that marginal costs and benefits are
15.72. As the marginal benefit in nodes 2 and 3 is higher than the marginal cost in node 1,
this indicates that additionade is desirable.

- Secondly, not¢hatit in fact is possible to increase the transpdohgthe networkwhile
still observing the restrictions implied by the laws of Kirchhofhe line flow in
alternative A is given byx,, =200, x,; =331, and X,; =131, where the capacity of

line 1-2 is fully utilized. Let us now see what happens if we produce an unit extra in node

1, to be consumed in node 3. Unfortunately, this would result in an extra flow onZine 1
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i.e. Dx,, = 3, which is not possibt&’. However, if we in addition produce an extra unit in
node 2, this induces a counter flow on line2,1li.e. Dx,, =%, or equivalently
Dx,, =- 1''° Together the two flows net eadither out, thus without violating the

capacity constraint. This implies that production and consumption in the market can be
increased, and transported in the network with the given constraints. For example, an
increase of production with one unit in nodleand one unit in node 2, together an

increased consumption of 2 units in node 3, would in our example give the following net

nodal injections ofx, =541, x, =-5.9, andx; =-4821. The corresponding line flows

are x,, =200, x,; =341, andx,; =14.1.

Let us now assume that the consumer in node 3 desires to buy an extra unit from the producer

in node 1. The transaction is likely to be profitable as the marginal benéfit 4@ exceeds

the marginal cost of 15.10. The catch is, however, that this transaction alone would violate
Kirchoffds |l aw and is therefore not feasibl ¢
However, as we have seen, more poearbe transpodd in the network, in this case if the
production in node 2 is increased at the same timis:féasible to transport the combined

extra production and consumption packageDsf =1, Dx, =1, and Dx, =-2, i.e. where

producers in node 1 and 2 both increase their production with one unit, and the consumer in
node 3 consumes two extra units. Neither of the two transactions alone are feasible to
transport, nor is the transaction between node 2 and 3 profitabhks aince the marginal cost

for an extra unit exceeds the marginal benefit of this unit. The solution is to initiate a
multilateral contract, i.e. a ttateral contract between the three parties. Let us now consider

whether such a transaction is prdfie

Table 11sums up the effect of thextratrilateral agreement between the producers in node 1

and 2, and consumers in node 3. The obligations of the original market clearing with respect

1% For the additional transaction we hal2% =1 and Dx, =- 1. The Kirchhoff equations (omitting
one superflous equation, e.g.Dx, =0=-Dx;, +Dx,;) for the additional flow are
Dx, =1=Dx,, +Dx;53, Dx; =-1=-Dx;;- Dx,;, and Dx,; = Dx,, + DX,;. The solution is the
resulting flow of Dx,, =%, Dx,;; =%, andDx,; = 1.

19 For this transaction we havBx, =1 and Dx, =- 1. The Kirchhoff equations (omitting one
superfluous  equation, e.g. Dx, =0=Dx;, +Dx;;) for the additional flow are
Dx, =1=-Dx;, + DX,;, Dx; =-1=-Dx;;- DX,;, and Dx;; = Dx;, + DX,;, with the resulting
flow of Dx;, = - 3, DXy = 5, andDx,; =2.
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to both prices and quantities stand firm, and are the sans®@wn above in table.9The tri

lateral agreement we are considering is a packadexof1, Dx, =1, and Dx, =-2. Here
the contract price for the individual three parties, Re. P, and P, has to be negotiated. The

table below shows the resulting efficiency gain. To be explicit upon the effect on the
consumer and producer surplus, we have quoted the income/benefit and costs for each group
of paricipants separately’. The surpluses for participants not involved in the transactie

the same as in table @hile the net proft of the trilateral agreement for each of the parties

in the contract depend upon the negotiated prices.

Market clearing|  Additional Net
Zonal Divsion A agreement | per
Quantities Quantities | node

Total producer surplus Total consumer surplus

for all contracts for all contracts Contract

Net | Producer Producer ProducefConsume Consume Consume| Profit of
Node Price Sell Buy |Price Sell Buy| inj. | Income  Cost  Surplus | Benefit  Cost  surplus | contract

2281.14 1125.42 Py

1 |15.10151.097.9| P, 1 54.1 ‘P 1155.72 P, 1718.86 1479.10 239.76 -15.15
1236.24 602.30 P,

2 |(15.7278.6 855 P, 1 5.9 7, P, 633.95 ‘P, 1527.51 1344.68 18283 -15.83

3 |15.7239.3 85.5| P; 2 |-48.2] 618.12 309.06 309.06 | 1558.86 134_4;'68 21?3'18 31#,35
3 - F3 -F3

Table 11 Zonal market clearing with an additionatlateral contract

The total social surplus of this scenario (including the surpluseoftiditional contract) is

now 2706.505. This is found by adding the producer and consumer surpluses of all
participants, and also including the grid surplus of 32.96 from the zonal market ¢f€aring
The increase in social surplus is in total 0.37. Thiseiased surplus equals the total profit on
the contract, i.e. note that 0.37=31:366.15- 15.83"% The allocation of this extra surplus is
given by the price negotiations of the three parties.

11 Note that the total cost of the producers after including the extra contract, is givgq)lq’if,

where ¢, is the slope of the supply curve, i.e. 0.1, 0.2 and 0.4, respectively,dadhe total volume.
Likewise, the total benefit of the consumers after including the extra contract is given by the area
under the demand curve, i.e. layx" - %b,)gdz, where a, is the intersection of the supply curve, i.e.

20 for all nodesp; is the slope of the demand curve, i.e. 0.05 in all nodesxérisl the total volume

of the node.
2 The grid surplus is not altered due to the additional contract. This is because we find it reasonable

to assume that the contract holders agree upon prices sg th&l, = P,. In other words, we assume

tha the producers receive the full amount paid by the consumer. In contrast,nbiglie case with

the zonal solution. Here, in the event of congestion, total payment by consumers does not equal the
amount received by the producers.

13 The costs of prodies 1 have increased with 15.15 from 1140.57 to 1155,72, the costs of producer 2
have increased with 15.82 from 618,12 to 633,94, and the benefit of consumer 3 has increased with
31.35 from 1527.51 to 1558.86.
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We have thus seen that the zonal pricing scheme did not itredeptimal and most efficient
market solution. This was illustrated by the construction of a trilateral contract, which in
effect represented a Pareto improvement. It is in principle possible to construct such profitable
tri-lateral contracts, until theptimal market solution as given by tbptimal nodal pricing

congestion method is found.

Constrained Capacity: Nodal Pricing

Let us now conclude this section by reviewing the optimal solution of nodal pricing. Here
prices are differentiated in all node§he optimal nodal pricing allocation is found by
maximizing social surplus, under the restrictions that the power flow follows the laws of
Kirchhoff, and that the power flow of lined is less or equdb its maximum capacity. For

our example we hav"

3
Maximize SocialSurplus § [%(a- p)X - 1ip, xf]
i=1

st X, ¢ 20
X, +X, +X% =0

The resulting optimal solution for our example is shown in taBle 1

Net |ProduceiConsume Grid Social
Price | Supply Demand Injection| Surplus Surplus Surplus Surplus| Line Flow
Node ] 15.19 | 151.9 96.3 55.6 [1153.05 231.76 -843.96 540.85 1-2 20.0
Node 4 15.82| 79.1 83.5 -4.4 | 625.92 174.47 70.01 870.40 1-3 35.6
Node § 15.50 | 38.8 89.9 -51.2 | 300.48 202.10 793.06 1295.64 2-3 15.6
Total 269.7 269.7 0.0 |{2079.45 608.34 19.12 2706.90

Table 12 Market solution nodal pricing

There are a variety of methods used for handling congestion. The efficiency of the established
operable methods may, however, imply large deviations from the efficiency of other near
optimal solutions. The reader is referred to Bjgrndal (2000) which mewad overview of
different congestion pricing methods, along with further analyses of congestion management
and pricing issues in the Norwegian electricity market. The choice of congestion methods
may have important implications from a national, as wefram an international perspective,

and represent a vast area of unresolved questions.

4 The first part of the social surplus is theaunder the demand curve, the second part is the costs of
production. The flow of line -2 follows from the above quoted laws of Kirchhoff, i.e.

X, =1X - 3X,. The last restriction specifies that sum production has to equal sum consumption.
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5.3 Network Pricing Today

The general tariff structure still reflects the abowventioned principles of point charges, a
two-part tariff with fixed and variable feegnd an implicit congestion fee through the

geographically differentiated area prices in the case of congestion:

The variable fee is dependent upon the amount of energy input/output to the grid. This part of
the tariff is meant to reflect the marginal lessof the input or output to the grid, and the

marginal loss rates are recalculated weekly.

The fixed fees are based on various for mul
consumption. Reduced fees are offered for example for new production capaaityas
where new production is beneficial from a network point of view, and for consumption on

interruptible power agreements.

Bottlenecks between Elspbidding areas are handled by zonal pricikgr the other Nordic
countriesthe bidding areas are camstent with the geographical area of tin@nsmission
systemoperators,j.e. Sweden, Finland, KONTEKDenmarkJutland and Denma+Kealand

(the two latter grids are not physically interconnected). In addition there are the Norwegian
bidding areas. Norwais as such the only country which uses the zonal pricing scheme for
handling internal bottlenecks, though only for large and durable bottlenecks. The Norwegian
grid is usually divided into two bidding areas, but three or more areas within Norway is
possibe. It is the Norwegian transmission operator Statnett who determines how to split the

Norwegian grid into bidding areas based on physical conditions.

Internal bottlenecks within the bidding areas are handled by different systems. Within
Norwegian bidding eas bottlenecks are normally to be dealt with by use of the regulation
power market. Within Sweden, Finland, and Denmark, grid congestion management is
managed by countérade purchases based on bids from generators. In this case the
transmission operatgoays for a downward regulation in the surplus area and for upward

regulation in deficit areas.
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6 Concluding Remarks onMarket Reform
and Market Efficiency

We have now reviewed the early phase of the electricity market reform in Norway, with a
particdar emphasis on wholesale electricity market design. After nearly two decades, the
Norwegian market, and subsequently the integrated Nordic market, is basically organized
along the same fundamental principles, while details of market design and regodditcies
continually have been refined. Here we will briefly comment upon the efficiency of the

Nordic market after the reform, with an emphasis on the Norwegian part of the market.

Before proceeding, let us as an indication of the viability of this pion&rket organization

note that several markets worldwide have adopted similar structures. Furthermore, observing
what Joskow (2006) later has referred to adeatbook architecture for restructuring and
competitiory we find that these principles largetoincide with the reform steps of the
Norwegian market in 199%°. Also, as noted by Bye and Hope (2006), in a comprehensive
EU-financed research project on European electricity reforms (SESSA), the Nordic electric
power model was suggested as a poterd@ichmark for market organization and the

efficient functioning of electric power mark&ts

Drawing on recent studies of the Norwegian electricity market, we will in the following look
into issues of short and long run efficiency in the current markeanAsverall assessment,

we find a broad consensus that the basic structure and implementation of the market system
have proved viable for promoting an efficient electricity sector, however, still with a potential

of further improving market performance amdeeting future challenges. Section 6.1
comments upon issues of sharh efficiency. Longrun efficiency and driving forces for

Joskow (2006) defines ten key components of a
reform and the development of competitive markets for power: 1. Privatization ofowtadel

utilities; 2. Vertical separation of competitive segments fnagulated segments; 3. Horizontal
restructuring of the generation segment to create an adequate number of participants; 4. Horizontal
integration of transmission and network operations; 5. Voluntary public wholesale spot energy and
operating reserve markéastitutions; 6. Regulatory rules and supporting network institutions to
promote efficient access to the network; 7. Unbundling retail tariffs; 8. Measures for retail
competition; 9. Independent regulatory agencies; and 10. Transition mechanisms fefothe r
Except for components 1 which was not politically accepted, and 3 which was not necessary due the
large number of generators, we find that the mentioned components all are issues which were central
in the Norwegian electricity reform.

118 see the SESSwebpage, www.sessa.eu.com, and also Hope and Singh (2006).
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investments are the topics of section 6.2. Section 6.3 comments upon thebaaddesystem
as a framework for implementing eronmental measures. Section 6.4 concludes the chapter.

6.1 Short-Run Economic Efficiency of the Market

Let us now consider the efficiency of the market in the short i.e. within the given
capacity of the market. Shemin efficiency is, simply put, tated to the extent to which the
market succeeds in allocating power in accordance with the marginal benefits and costs of
power. With rapidly changing and volatile market conditions a crucial issue is also the
flexibility of the market in adapting to theshanging conditions. In principle, the efficiency

gain brought forth by the market reform, can be measured as the gain in net social surplus
following from this market organization, as compared to thergiie@m organization of the
market. While it is avast, if not impossible task, to accurately estimate this gain, in practice
studies on the efficiency of the reform have focused on more isolated measures that may
indicate the degree of efficiency in the market. This will also be our focus.

For the compidtive part of the market, efficiency is to a large extent related to market prices;
How well do market prices reflect the relative scarcity and true marginal costs and benefits of
power, on wholesale and retail levels, and towards different produceoasdneer groups?
Moreover, how well do producers and consumers respond to changing market prices? The
resulting degree of efficiency is furthermore a product of several factors, for example related
to the efficiency of organized markets and regulatory omeas as well as to the general
market structure and degree of competition. For thecoompetitive part, i.e. transmission

and distribution, efficiency is on one hand related to whether the regulatory framework
induces cost efficiency in the supply of skeeservices and a socially optimal level and quality

of services. On the other hand, efficiency in the short run is also related to whether the tariff

structure and levels give incentives for an optimal use of these services.

Our purpose here is not to pide a full analysis, but rather to point to aspects of the market
which have contributed to efficiency, and also to indicate areas for further improvement.
Subsection 6.1.1 reviews some evidence on market performance, while subsection 6.1.2 seeks

to relae this to aspects of market organization.

6.1.1Evidence ofShort-Run Power Market Performance
The general picture is that the relative scarcity of power has been reflected in market prices,
both in periods of abundance and of scarcity. As noted byaBgeHope (2006), the market

reform was implemented in a scenario of excess capacity, with highly differentiated consumer
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prices, and large waste in the form of large spillovers of water. The market rather successfully
managed the transition from a situatiovith politically set prices (based on letegym
marginal costs), to competitively set prices. In the first years after the reform, the market
responded by driving prices down, thus reflecting the excess capacity. Efficiency gains
following from deregulabn and competition may also have contributed to a downward
pressure on prices. As demand increased and Norwegian capacity was restricted, prices then
started to rise. With the deregulation of Sweden, Finland, and Denmark, excess capacity in
these countrig combined with Norwegian imports, contributed to keep prices low. In later
years, with a further increasing demand, and a tightened energy balance, the market has again
responded with rising energy prices.

On the demand side, even from the immediatervégg of the new markdiased system, it

was found that the falling wholesale prices were mirrored in retail prices: Bye and Hope
(2006) noted that the market reorganization seemed to reduce price differentials between
consumers, as well as to narrow thapgbetween endser prices and the (wholesale)
equilibrium prices. As of the current situation, several studies, as e.g. Econ Pdyry (2007a) and
Amundsen et al. (2006) point out that changes in wholesale prices are rapidly reflected in
Norwegian retalil pries, and that increases in emser prices furthermore have a considerable
and relatively rapid impact upon demand. With a focus on energy efficiency, Econ Pdyry
(2007a) further concludes that the development in energy efficiency after the market reform
hasbeen favorable, and possibly better than in other comparable countries, with similar as

well as other energy systems.

On the supply side, a major question of efficiency is whether the market reform induces a
socially optimal management of the Norwegigmlto-power systemWolfgang et al. (2007)

find that reservoir management has changed after the market reform, with changes in all
seasons of the year, and an average reduction in reservoir levels of 4.6 %. The largest change
is in autumn just before the mter period, while changes in reservoir levels at end winter are
nonsignificant. Simulations, however, indicate that there have been no noticeable changes in
the handling of reservoirs under dry year scenarios. There are several factors that may
accountfor the change: Some changes follow directly from the new market framework. For
example, the preeform local responsibility of security of supply implied that production
decisions were based on a rather high-§bated) rationing price, which induced guzers to
operate with higher reservoir levels due to the high water values at low reservoir levels.

Market reform, with the abandonment of local security of supply responsibility and with more
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inter-regional and international trade, is thus likely to hawduced part of the change in
reservoir management. Other Aorarket system issues may also have affected reservoir
management, such as better models andmtatzessing capacity, better reservoir and weather
forecasts, and expectations of larger preafh due to climate changes; all which indicate

that it is profitable to tap the reservoirs to lower levels than before. It is however interesting to
note thatWolfgang et al. (2007¢onclude that there is no evidence that the current reservoir
managementenders too low a reservoir level compared with optimal solutions based on
optimizing models. Multiconsult (2007) which considers different environmental impacts of
the changes in reservoir management, however, raises the question whether these
environmermal costs to a larger degree should be incorporated in decisions guiding reservoir

management.

For the power market, a further crucial performance aspect is the ability of the market to cope
with periods of severe scarcity of energy. In a system vulrerbllarge naturgiven
variations in supply, such as the Norwegian hyploaver dominated system, this is of
increasing importance as tighter market conditions emerge due to growing demand and a
slower pace of investments. The market has here been pendmktests, most notably the
situation of the winter 2002/03. Starting in the spring of 2002, inflow exceeded normal levels
and implied a higher water level than normal. This situation consequently increased
production and lowered prices. In Autumn, heee rains failed and resulted in an extremely

dry 2002/03 winter, with extremely low reservoir levels, and an impending danger of
rationing. Severd studies, e.g. Amundsen et #006), Bye and Hope (2006), Bye et al.
(2003), find that the Nordic market fact was able to manage the serious shortage of energy.
Prices adjusted rapidly with rocketing prices, and with a fairly rapid demand and supply
response on all levels of the market, rationing was avoided. Rainy January days and an early
spring, however also highly contributed to bringing the situation under control. Most
important, this incident indicated that the market was robust enough to withstand even quite
extreme energy supply shocks. While the market did pass this test of extreme market
conditions, and offered proof of a flexible and robust market, this incidence, however, also

highlighted the vulnerability of the system.

6.1.2 Market Organization and Short-Term Performance
Market performance seems hitherto to be indicative of a fairly good-t&nor efficiency,
where market prices to a large extent reflect underlying fundamental market conditions, such

as precipitation anceservoir filling, development of fuel prices, and patterns of consumption.
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Extreme market situations have also revealed the market is fairly robust and flexible.
Market performance is in many ways a product of the specific chosen market organization. In
this section we will briefly offer some comments upon aspects of market structure and
organization that we believe hagentributed to an efficient, flexible and robust market, but

we will also point to areas for potential improvement.

- Organized Spot and Hedging MarkeWith the continued development of the organized
markets, the Nordic organized power marketay now be characterized aa highly
developed and wefunctioning market in relation to size, liquidity and transparency. In
this we believe that the organized markets of Néwd| play a crucial role for the shert
run efficiency of the market. In our opinion, thehas also been demonstrated an overall
will and ability to tailor market design to achieve liquidity in meeting the new challenges
of the market, as for example aoping withthe international integration of markets, in
the development of hedging ingstnents, and in incorporating environmental instruments.
We, however, also believe that a continued dynamic view on future market design is

important for future liquidity and efficiency.

We have, though, a specific comment on current spot market desigapdthmarket has
developed from a market with pdmminantly hydrepower producers, to a Nordic market
representing several different generation technologies. To accommodate technologies with
e.g. inflexible production and high stap or shutdown coststhe block bid format was
introduced, giving the participants the opportunity to set aaraibthing condition for all

the hours within the block. The use of block bidding, however, in effect turns the spot
electricity auction into a combinatorial exclgan where specific block bid formats and
equilibrium market clearing methods have implications for the efficiency of the hiarket
There are here a number of unsolved questions regarding the implied efficiency and
equilibrium properties of these bidding fieats. As further market integration and future
investments in generation capacity may further shift the underlying technology mix, a
concern is that inappropriate block bidding procedures may detrimentally affect the
efficiency of the spot auction. Relatewthis is work on how to price nesonvexities like

fixed startup costs™®.

- Network Pricing and Congestioithe handling of congestion isosely related to the spot
auction for planned daghead schedulesNe believe for many reasonsthat also

17 See for example Meeus et al. (2008).
See e.g. Hogan and Ring (2006), BjRBrndal and Jo
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congestbn management represents an important area for future improvefnesty,

further insight is needed as to the efficiency of different congestion methods, also taking
into account the interaction with the spot auctions, where new bidding formats such as
block bids may have important implications also for congestion management. Secondly,
there are efficiency aspects related to the fact that different methods for congestion
handling coexist in the Nordic markethis is onthe one hand within countries, for
example in Norway, where zonal pricing is used for the largest and most frequent
bottlenecks, while other congestisituations ardnandled by special regulation based on
regulation power bids. On the other hand, different countilee employ different
methods, where for example Sweden in contrast to Norway uses counter purchases for
internal bottlenecks. There are here major unresolved questions as to the efficiency and
allocational effects of different eexisting methods confer Bjgrndal et al. (2006)
Thirdly, afurther aspect, as noted by Bye and Hope (2006), is relatdek &fficiency

effects of thecoexistence oflifferent regulatory regimesmployedfor networks in the

Nordic countries, which may have implications foe ability toachiew efficient and

harmonized methods for congestion handling.

- System Operation and Ancillary ServiceEhe above discussion on spot market
organization and congestion handling refers to market systems fortesmorplanned
energy. A crucial task of the electrigitsystem is, however, also to attend to the
momentary balance of the system, and uphold a sufficient quality and reliability of the
electricity system. As such, this is also an important aspect of thershagtficiency of
the market. In the pure hydpmwer system, we have argued that power generation
capacity for such tasks in general is abundant and relatively cheap compared to systems
based on other technologies. We have, however, experienced a tightening power balance
due to growing demand, low intesent rates (see below), and increasing demanthéor
export of services related to epeak load,loadfollowing and momentary balancing.
Tighter market conditions thus mean that system operation becomes more challenging.
While this has not been a prebh yet for the Norwegian system, it may be in tiear

future.

The responsibility for operation of the national network and system operation lies with the
national transmission company. Here we have seen that in response to the tightened power
balance, mket design has continually been adapted. For example, to allocate sufficient

capacity to ancillary services, the regulation power market has been supplemented with a
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regulation power capacity option market, and a market arrangement for-tenger
capaciy options. Market arrangements for other ancillary services have also been
developed, e.g. a market for frequemelated reserves, and a market for spinning
reserves. In this we see that the basic framework of the market also has proved a viable
frameworkfor introducing and developing systems or maik@ted arrangements to meet

new challenges in this area. Here we also expect to see further developments in the future.
Furthermore, with respect to the increasingly more integrated Nordic market, the Nordic
transmission network system, however, remains decentralized in the sensatitial
transmission companies are responsiblesf@mtemoperationin their national networks.
Though cooperation between transmission companies takes place on a volurigary bas
through NORDEL, Bye and Hope (2006) point out that there may be potential
inefficiencies of the current system, and thus room for improvement with respect to

common system operation.

- Security of Energy Supply in the Short RAnfurther aspect of thehsrtrun security of
supply is to ensure a sufficient supply of energy. In a mdraseéd system, the task of
balancing the demand and supply of energy in the short run is first and foremost a task
carried out by market forces. For example, in relatioiéoNorwegian system, where the
supply of energy is highly dependent upon precipitation, the market in times of scarcity
balances by raising prices, which in turn depresses demand, increases imports, and
encourages an economizing of water and carryingashge in the advent of periods of
even greater scarcity. There has, however, been a large degree of political concern about
the ability of the market in handling such situations. Seeing that the market under the
2002/03 shortage handled the supply shaathar well, with rapidly adjusted prices
combined with rapid demand and supply response, Amundsen et al. (2006) note that fears
regarding supply security and adequacy seem to be unfounded. Still, the effect of a
potential crisis of supply shortage is ofnsaderable social economic cost, which in
principle might not be adequately reflected in pridéshis is the casefurther security
measuresnay be necessaryiere we note that Statnett is responsible for the security of
supply of the systemgndthus las incentives to develop measures for handling severely
scarce energy situations, in the event that the market alone would not be able to handle the
situation. Implemented measures in this respect are consumption energy options, and the
purchase of resengeneration powelt is an open question whether further measures are

necessitated.
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Network Efficiencyi Regulation: A further integral aspect of the overall shtatm
efficiency of the electricity market is related to the network: Firstly, marketiefity is
contingent upon efficient network pricing, where the design of price structure, as well as
the resulting price level both are important for the starh efficiency of the market.
Secondly, network efficiency is related to supplyiag efficient level and quality of
network services, i.e. the level which in principle balancesrthgginal cost of supply
against thanarginalbenefit for different levels and qualities. Thirdly, network efficiency

is related to achieving cosfficiency in supplyingthese services. All these aspects of
efficiency, however, depend upon the incentives provided by the regulatory regime.
Different regulatory regimes have been employed. With the introduction of the new
Energy Act, rateof-return regulation was introducéor network companies. In 1997, this
regulation was replaced by income regulation, described by Bye and Hope (2006) as
essentially a revenueap incentive mechanism, which also contains elements ebfrate
return, pricecap and yardstick regulation. Theveaue cap is based on the total cost
coverage of network activities, including a stipulated rate of return on invested capital. An
efficiency improvement factor was defined for each network owner, based on a data
envelopment analysis (DEA) of the efficignenprovement potential for each company.
There is no doubt still room for further improvement of the regulation mechanisms for
network companies. Bye and Hope (2006) also note that the need for harmonization of
regulation within the integrated Nordic efiec power market has gradually become more

pressing.

Market Power and Market Dominancénvestigations by competition authorities and
research studiedo not seem thvave documentedny majorinstances ofunilaterally or
collectivelyexercise of market peer that isto the detriment of competition the Nordic

power market Several studies, as e.g. Bye and Hope (2006), Hope (2005), Bye et al.
(2003), Econ Poyry (2007b), all seem to conclude that there is an overall satisfactory level
of competition in thenarket, with a large number of market participants, and a low degree
of market concentration, especially as to the integrated Nordic market. A considerable
challenge for the Competition Authority, however, lies in maintaining a competitive
marketin the uture both with respect to vertical integration and strategically motivated
actions. Bye and Hope (2006) note that as the electric power market has become more
concentrated through mergers and acquisitions, the Norwegian Competition Authority has

tightenal its market surveillance and enforcement policy to prevent the abuse of market
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power. A further aspect is the implications of transmission capacity constraints for market
competition, where challenges are related to the special market properties oftaa ele
power system. For example, any plant on the margin in a restricted price area, even a
small firm, may in principle be in a position to abuse market power. Hope (2005) also
raises the question whethen &x antesystem of market monitoring and regolat
oversight of the electric power marketbould be developed as an integral part, or at least

as a supplement, to tle& post basedompetition and enforcement system.

- Retail Markets:A general impression is that price signals of the wholesale marn&et a
fairly rapidly conveyed to end users in the Norwegian retail market, and that price
differences between different end user groups have been diminishing. There may be
several explanatory factors for this development. For example, Econ Péyry (20078) point
out that the degree of competition between power suppliers in Norway contributes to
lower margins in the retail sector. Also, as changes in spot prices are rapidly channeled to
endusers that have spbaised contracts, this indicates that the large degfrepotbased
contracts has been important. Furthermore, there are several specific Norwegian measures
that have contributed to promoting an efficient retail market. For example, as pointed out
by Bye and Hope (2006): A logatofile demand measurementsvatroduced in 199%
facilitate trade in the retail markdty avoiding investment in expensive metering
equipment for retail customer& couple of years later, feésr consumer switching were
eliminated to stimulate consumer switching and market cttigre and ime allowed for
consumer switching was reduced to one week 1998 the Norwegian Competition
Authority also introduced a price information system for retail prices from power

suppliers to improve market transparency.

An issue of concern relag to consumer response in the Nordic market as a whole, is
however, that there seems to be large differences within the Nordic market. For example,
as noted by Amundsen et al. (2006), while the wholesale market appears to be strongly
integrated, with pdes in different areas diverging for shorter periods only, this is not so
with respect to the retail prices in different Nordic countries. There may be several causes
for this. For example, a larger part of Norwegian retail customers, than in the otder Nor
countries have spot price based contracts. Other explanations may be related to differences
in retail competition and differences in the degree of vertical integration. Further, there are

differences in regulatory measures. As such, the retail magkatssto represent an area
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for further efficiency gains, especially with respect to the Nordic market, but also with
possible efficiency gains for the Norwegian retail market.

6.2 Long-run Economic Efficiency of the Market

Longrun efficiency is related tovhether the market system induces optimal investments,
both with respect to investments in generation capacity and network capacity, and
investments related to capacity for future consumption as well. Investments in these different
areas are, however, geid by completely different frameworks and incentive mechanisms.
Investments in generation capacity, as well as consumer devices, are basically guided by the
profitability of the investments, where future price development is crucial. Investments in
network capacity, however, are highly dependent upon the incentives provided by the
prevailing regulatory regime. In terms of loengn efficiency, a major question is whether the
prices and incentives of these systems encourage optimal investments, includigiof mex

of generation, consumption and network capacities. For example, an expected future energy
shortage may be managed by investments in generation capacity, by investments in network
capacities that alleviate bottlenecks and enable increased ingptiresarea of shortage, or by
investments in powesaving appliances. On top of this, there are several and partly diverging
goals of energy policy, including energy efficiency, security of supply and environmental
considerations. These are the challengédongrun efficiency in the power sector. As
commented Bye and Hope (2006) the issue of investments is high on the political agenda,
with a widespread skepticism as to the ability of the market to provide optimal investments. In
this section we will befly review some studies on investment activity in the deregulated
market, and comment upon the framework and incentives for optimal investments. Sections
6.2.1 and 6.2.2 review studies related to investments in respectively generation and network

capacity

6.2.1 Generation Capacity

The market reform brought forth a completely new framework for investment decisions. In
the prereform era investments were to a large degree guided by the compulsory requirements
of a local security of supply based on firm powentracts, and where investment levels were
more or less made to match rather optimistic forecasts of a rising and perceivably inelastic
demand. This resulted in excess generation capacity. Following the reform, the power market
became a fully acceptedeans of procuring power, and local security of supply became a

matter of the market. Investment initiatives are now in principle to be taken by the individual
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generators, with the incentives of profitability as the main driving force. From a market
perspetive, it should also be added that the society point of view on security of supply has
gradually shifted from a focus on the national balance of demand and production, to that of a
national power balance including international trade; If power importeeadkly available at

a lower cost, it is rational to base power supply on imports rather than on the more expensive

national investments.

Bjgrndalen et al. (200®ive an overview of investments in generation capacity. Following a
beginning excess capagitinvestments in new production capacity in fact began to fall as
early as in the eighties, long before deregulation. After the market reform, electricity prices
first fell due to competition and excess capacity, and signaled that investments were not
profitable. Thus, investment levels continued to fall. With a growing demand, the falling
market prices were subsequently replaced by rising market prices. Bjgrndalen et al. (2007)
note that investments made after the reform account for a total 4 % inerdasementary)

power capacity in the period 192004, while generation capacity in terms of energy has
increased with about 7.5 TWh since 1991. This is, however, only half the demand growth in
the same period. In sum, with low investment rates and anasioge demand, the gap
between demand and production capacity has throughout theefmsh period continually
narrowed, moving from a national surplus of generation capacity, to a national power deficit.

There seem to be several factors which may conéittuexplain these investment rates:

1 The acceptance of international trade as a sowteupply The cost of procuring
energy by new investments must be weighed against the costs of imported electricity.
Here, Econ Pdyry (2007b) points out that the tmaission capacity between Nordic
countries as well asto other neighboring countries has been extertfedThe
implication is thatfiimport isthe most profitable means of procuring power, tingy
imply that several generationinvestment projectsn compaison may have been

unprofitable.

1 Higher coss of available new production capacitgoth investmentcosts as well as
future variable costs have been rising in this perindaccordance with thig-con
Poyry (2007b) notes that it is not surprising tharéhhave been lower investments
than historically normal, and that the investments that have been made, mostly have

19 Transmission capacity between Norway and both Denmark and Bwedebeen extended recent
years, and the NorNed cable to Netherland has been built. From a Nordic perspective, there is also a
relatively large exchange capacity to Germany, Russia, Poland, and Estonia. There is, however, a clear
tendency that also the Kbc power balance has been weakened since the turn of the century.
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been in hydro power generation capacity. It is first in recent years that the expected
market prices indicate that investmentsig.gasfired plantsand other technologies

for which costs have been escalating, may be profitable.

1 Stricter regulatory policies, arising mostly from environmental concdm&stments
are subject to a granted concession. Here differantamental concerngor hydro-
powerplants,as well ador other technologies (e.gasfired generation planishave
played an increasingly larger role with respecth® level and nature afivestments
that have been granted a concesskor. environmental desirable techogies, such
as e.gwind powerplants,case studies by Econ Pdyry (2007lntherindicate that aid

schemes are of particular significance.

1 Political uncertainty and concession riskhe electricity market is, as many other
commodity markets, a market imherent price and quantity uncertainty. Bjgrndalen et
al. (2007) however point out thatadditional political uncertainty and uncertainty and

costs related to concessions, also may contribute to hindeviestmers.

In relation to longrun efficiencythe main question is whether the markased electricity
system has provided a framework for economically and environmentally optimal investments
in generation capacity. We have seen that there are several explanatory factors. If the low
investment rateeflects considerations that are justified from an economic or environmental
point of view, even low investment rates may in principle be in line with-tangeconomic

or environmental efficiency. If, however, low investment rates to a large extent wfiec

issues that represent market imperfections, such issues thus represent important potential
sources of improving longun efficiency. Let us review some comments on investment

performance:

Several studies indicate that the low investment rateslyafgkow from political and/or
environmental considerations, rather than from a lacking willingness of generators to invest.
For example, Bye and Hope (2006) comment that politicians seem unanimous in blocking
new investments in large hydropower plan@sfiyed plants and nuclear and other thermal

plant technologies, so that the only feasible alternatives seem to be renewable technologies
based on e.g. wind, biomass, solar energy and wave power. And, since these technologies are
costly, the market pricesre still not sufficiently high to stimulate investment in the absence

of strong financial support. Also Amundsen et al. (2006) note that generation investment in

the Nordic market is not so much a question of commercial, as of political will.
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Comments orthe role of the market framework as to giving incentives for achievingriamg
efficient investments, however, seem to indicate that the market itself to a large extent does
give adequate signals for investment based on economic considerations alorsin A m
conclusion ofecon Poyry (2007bis that the Energy Act seems to provide a better framework
for socially rational and efficient investments, than other realistic alternatives: Mesed

prices reflect the value of new power, and not only providesngortant benchmark for
assessing the profitability of new investments, but also induces an important flexibility on the
supply side as well as the demand side, and also with respect to internationaEdmade.
PoAyry (2007b) notethat pojectswith a lov environmental impaadh fact seem to be carried

out without undue delay if they are profitable, while the most important explanation if such
investments have not been carried out, is that of lacking profitability. Also Amundsen et al.
(2006) conclude thathere is little support for the view that generators have not seized on
profitable investment opportunities, thus indicating that prices are sufficient to attract investor
interest. As to the current status of the security of suppbn Poyry (2007b) ries that the
Nordic market may be characterized as a market with a satisfactory balance both with respect
to power capacity and energyhough the Norwegian power balance has deteriorated, new
transmission capacity to other countries has been built, dfiagaflexibility to the market

There is, however, a problem of regional energy imbalances in parts of Norway, due to a
combination of increased (industrial) demand, constrained network capacity, and low

investments in generation capacity and/or netwopiaciy to the areas.

Above, we have discussed generation investments in general terms. Before proceeding to the
issue of network investments in the next section, let us, however, comment upon two more

specific issues of investments:

- First, there is a majochallenge in coordinating generation capacity investments and
network investments to achieve an efficient mix of these different capacities. Due to the
externalities and locflow features of the network, the production capacity decisions
based on markgdrices alone might not be the overall optimal investment strategies. This
may follow from several aspectsprice signals are imperfect due to coarse congestion
handling methods: capacity investments may affect future nodal prices, making it
difficult for the producer to evaluate the true profit of the investmeantd the socially

optimal investment strategy may involve a mixed investment strategy of network and
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generation capacity investmefffs These issues represent important challenges for
regulatoy policies related to investments in grid capacity as well as in generation

capacity.

- Secondly, there is an importamterogeneityn power supply with respect the different
attributes for handling e.g. base load versuseaks andmomentary power balae
requirementsWhile energy supply has been scarce, until recently the momentary power
capacity has in contrast been abundanthe Norwegian system. As the Norwegian
market becomes increasingtytegrated with electricity systems whesach capacity is
more costly, this scenario of abundance is changing. An important aspect otifong
efficiency is thus whether the market system also provides sufficient incentives for
investments in this area, also handling potential market imperfections. While this
represents an important future challenge, we do, however, find several recent
developments of the market system that seem to bring forth important investment
incentives, e.g. the market for regulation power capacity options and for l@nger
capacity optias, and markets for frequenoggulated reserves and for spinning reserves.
As such, this development demonstrates a strength of the system, i.e. the ability to adapt

the framework to meet future challenges.

6.2.2 Transmission andDistribution Capacity

Dui ng the period from the early 197006s till
carried out, extending transmission networks from west to east in Norway, and to a certain
extent from north to south. Once these large infrastructure projedtdden completed,
investments in network infrastructure capacity decreased, with a sharp decrease starting in the
|l ate 19806s. As pointed out by Bye and Hop
coincided with the debate that took place before andhguegulation of the Norwegian
electricity market in 1991. After the reform, incentives for investment in network capacity
follow from the incentives provided by the network regulatory regime, however, where
investments also are subject to a concessiont grhere environmental and other societal
concerns are taken into consideration. With strongly falling investment rates, a main concern
of longrun efficiency is whether the regulatory regime is able to induce optimal network

investments.

A new regulatoryegime was introduced for transmission and distribution network companies

in 1991, where the new regime of rater et ur n regul ation and o6y

120 5ee Lund and Rud (2008).
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contributed to reduce network tariffs. Bye and Hope (2006) note that this yardstick
competitionwas meant to secure cost efficiency, and an improved social investment strategy.
The initial rateof-return regulation was, however, in 1997 replaced by an income regulation
regime where the efficiency rate plays an important role. The efficiency rafgedsfic to

each distribution network, and is meant to reduce the annual allowable nspeaikc
income, and through this provide incentives for the distribution network to reduce costs,
which is an important issue of shaerm efficiency. It may, howeer, be questioned whether

the new regulatory regime can succeed in encouraging optimal investments in the network,
both with respect to the level of investments, the nature of investments as to quality of supply,
and to hinder that lacking network invesmts will contribute to bottlenecks that pave the

way for less competition in restricted areas.

Amundsen et al. (2006) point out that in the case of Statnett, there appears to be no lack of
will to invest, and that, were it not for the more restrictivewvitaken by Norwegian
regulatory authorities, more transmission capacity would have been built. However, network
investments in other levels have been severely small. As pointed out by Bye and Hope (2006),
it is an open question whether the regulatory regmovides sufficient incentives for optimal
network investments that enable the matiated electricity system to function efficiently.

We believe that there is room for large improvements in this area. There are several
challenges. Firstly, an importaaspect relates to the inherent incentives of the regulating
mechanism, as there are major challenges in combining incentives both fefficostcy,
efficient pricing, and optimal investments. Secondly, as noted by Amundsen et al. (2006), a
further chalenge is to solve cordination problems associated with different national TSOs
and investments in interconnector capacity. Thirdly, ang efficiency depends upon how

the market system handles the interaction between investment in network and generatio
capacities, which in effect are highly integrated, and where the socially optimal investment

strategy may be a mixed investment strategy.

6.3 Environmental Challenges

To the extent that the electricity market conveys the scarcity of electricity, tiketnpar se
contributes to economizing with the scarce resource, and gives signals to lower electricity
consumption. The question with respect to future environmental efficiency is, however, to an
even greater extent whether the market system is an instrdiné carry out policies for
handling environmental externalities, in the short run and in the londgcom. P6yry (2007b)
hereconclude that th&nergyAct has provided a flexible framework tleso may contribute
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to reachng environmentagjoals. Ths may e.g. be goals of reducing greenhouse gas emissions
(e.g. by using different forms of markiehsed allowances or quotas), and goals of promoting
investments in renewables (e.g. by direct investment aid or differentiated net tariffs). While
the dereglated market system has retained the possibility to evoke necessary regulatory
measures, the system has thus also provided an important framework for implementing
marketbased measures which give appropriate incentives to the participants of the market.
An important tool is also the concession system which enables authorities to invoke measures
to incorporate specific environmental considerations, locally as well as nationally. However,
though the market system seems to provide an adequate framework feménpng
environmental measures, the main future challenge still lays in designing the appropriate

incentive mechanisms within this framework.

6.4 Concluding Remarks

An unanimous verdict seems to be that the market system and overall framework prgvided b
the Energy Act is a flexible system for dealing with changes in market conditions, as well as
environmental challenge3he marketsystemhasproved to be robust in handling several
extreme market conditions, and changes due to e.g. international matdgtation.
However, there is still a need for continuous improvement of details of the framework, the
organized markets, and the regulatory mechanisms including theapldiconcession system,

to achieve an environmentally and economically efficientgyasector.
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ESSAY 2

Capacity Charges: A Price Adjustment
Process for Managing Congestion
in Electricity Transmission Networks

Mette Bjgrndal
Kurt Jornsten
Linda Rud

Abstract

In this paper we suggest a procedure based on capacity charges for managing
transmission constraints ideetricity networks. The system operator states nodal
capacity charges for transmission prior to market clearing. Market clearing brings
forth a single market price for electricity. For optimal capacity charges the market
equilibrium coincides with that obptimal nodal pricing. Capacity charges are
based on technical distribution factors and estimates of the shadow prices of
network constraints. Estimates can be based on market information from similar
congestiorsituations, and then brought near the optiralues through an iterative
process.

* Forthcoming in Bjgrndal, E., M. Bjgrndal, P. Pardalos, and M. Ronnqvist (&tiwe)gy, Natural
Resource and Environmental Economigpringer 2009.
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1 Introduction

The goal of deredating the electricity market has been to achieve efficiency through
competition between supply and demand. A special feature of electricity is the reliance on a
common network for transmission, where network constraints have special implications for
optimal economic dispatch, due to the externalities created by the loop flow. Highly different
market designs have been chosen for handling network constraints, with different implications
for efficiency. Our objective is to combine several of the suggestetbages, and see
whether it is possible to find a good approximation to optimal nodal prices by using system
operator announced capacity charges.

In the capacity charge approach capacity constraints are handled by issuing nodal capacity
charges. Market ehring brings forth a single market price for energy common to the entire
pool. The net nodal price thus equals the common market price less the nodal capacity charges.
For positive (negative) capacity charges, the net nodal price is lower (higher) ehaartket

price. Optimally set capacity charges allow the market to reach optimal dispatch as net nodal
prices equal optimal nodal prices. Capacity charges are issued by the system operator, and are
based partly on technical load factors, and partly onstteglow prices of congested lines.

Implementation of the capacity charge approach can be on an ex post or an ex ante basis.

If capacity charges are announced ex postafter bidding and market clearing, the approach

is merely a different representatiohthe nodal pricing method, now with the aggregate effect

of capacity constraints in the grid priced explicitly for each node. With ex post announcement
of capacity charges, the system operator has full information of shadow prices, and the
calculation 6 capacity charges is straightforward.

On an ex ante basis capacity charges are isptied to bidding and market clearing, and
market participants respond to the issued capacity charges in submitting their supply and
demand curves. Without full informah, as with the ex ante announcement, however, the
shadow prices of congested lines have to be estimated. With the ex ante announcement of
capacity charges, the implementation of the approach further depends upon the overall design
of the electricity mar&t. Organization of competitive electricity markets varies with respect to
how realtime balancing is organized, ranging from solutions with electricity spot markets
which in effect are redime markets, to solutions with a dalead scheduling market,dan

where reatime balancing is handled in a separate-tiga¢ balancing market.
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Within the market framework of a separate -@gad scheduling market and a 4tzake
balancing market, we assume that the function of theatieagd market is to reach arfi@ént
schedule which is feasible with respect to expected capacity constraints. The market
participants state their bids after the announcement of capacity charges. Thus, the market
clearing brings forth a market equilibrium consistent with the estimsitedlow prices of
expected capacity constraints. The efficiency of the market equilibrium can be improved
through an iterative adjustment process to reach an optimal and feasible market solution.

Within the framework of a redime spot market, the ex araanouncement of capacity charges

may affect demand and supply bids. These estimated capacity charges will, however, not be
able to clear the market alone, and there is no room for a direct iterative process. This requires
using e.g. ex post nodal pricegether with the prannounced capacity charges.

The capacity charge approach offers several advantages. A main issue is the role of capacity
charges as important market signals for demand and supply, signaling geographical differences
in the nodal cost ohggregate network constraints. Compared to approaches such as zonal
pricing, the method also incorporates the advantages of nodal pricing, as capacity charges may
be nodally differentiated. Further, as capacity charges apply to all contracts of physical
delivery, the method enables spot and bilateral contracts to coexist. Also, as capacity charges
are issued by the system operator, and are based on technical information and estimates of
shadow prices, this may enable a clearer distinction between thef tbie exchange and the
system operator, and might facilitate coordination in areas where there for some reason exist
multiple exchanges. As for implementing ex ante announced capacity charges in a market
based on a redime spot market only, the combimat of ex post nodal prices with pre
announced capacity charges may be a source of enhancing market efficiency. In a market
which is cleared reaime, we note that the producer or consumer has to be able to respond
automatically to prices in order to sulbprice-elastic bids. If not, only pricenelastic bids can

be submitted. The pr@hnouncement of capacity charges enables this group to respond on the
signals conveyed by the capacity charges, reducing or increasing planned demand according to

the signad of expected congestion cost conveyed by the capacity charges.

The rest of the paper is organized as follows: Section 2 discusses the approach in relation to
other methods for handling congestion. Section 3 presents the foundation for the capacity
chargeapproach, and shows its relation to optimal dispatch by nodal prices, using a model with
a dCaapproximated network. Section 4 exemplifies the approach of optimal capacity charges

in a sixnode model. Section 5 discusses iterative approaches for impleghéme capacity
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charge method, illustrating with a standard gradient method. Section 6 discusses a heuristic
approach in obtaining feasible flows. Section 7 concludes the paper, and future research is
discussed.

2 Literature Review

The concept of nodal pes is discussed by Schweppe et al. (1988). Optimal nodal prices are
produced by the solution of the welfare maximization problem as the dual prices of the power
flow equations, and are interpreted as the value of power in each node (cf. Wu et al. £1996)).
mechanism enforcing optimal nodal prices, where generators and consumers adapt to the local
(nodal) market price when deciding on output, ensures social optimum in the short run. Wu et
al. (1996), however, point to several cousiteuitive and possiblyroublesome characteristics

of implementing the nodal pricing approach. For instance, for the system operator to calculate
the optimal economic dispatch and implement it, suppliers and consumers must truthfully
reveal cost and demand functions, and they mat be willing to give away such strategic

information.

On the other hand, the price system suggested by Chao and Peck (1996) represents a system for
Gexplicit congestion pricingy where, instead of providing locational energy prices as nodal
prices dothe use of scarce transmission resources is priced. This is accomplished through the
design of a trading rule, based on load factors or distribution factors, specifying the
transmission capacity rights that traders must acquire in order to completectitigie
transaction. In optimum, Chdeeck prices are consistent with optimal nodal prices, and in
accordance with the shadow prices of the transmission constraints of the optimal dispatch
problem. A slight modification of ChaBeck prices is suggested 8ioft (1998), where éhubd

price is determined by allowing energy bids at any given nodé () in the network. Both
mechanisms rest upon a market bringing forward the prices of transmission rights on the links,
and the number of prices these systdrage to derive is usually far less than the number of
nodes in the network. However, although Chao and Peck (1996) and Stoft (1998) give some
indications, the specific design of a market mechanism to determine thePE€blagrices is

still regarded an uesolved problem.

The coordinated multilateral trade model suggested by Wu and Varaiya (1995) is intended to
attain optimal dispatch without requiring the system operator to collect private information, i.e.
supply and demand curve bids. Instead, brokemy @t profitable multilateral trades under

feasibility constraints. More specifically, central coordination is achieved through an iterative
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process, where, in the case of transmission constraints, loading vectors are announced by the
system operator, bad on which brokers must evaluate the feasibility of the trades in question.
Consequently, the decision mechanisms regarding economics and the feasibility of system
operation are separated. Economic decisions are carried out by private multilateral trades
among generators and consumers, while the function of ensuring feasibility is coordinated
through the system operator who provides publicly accessible data, based upon which
generators and consumers can determine profitable trades that meet the sesuomesicn

loading limits.

In relation to the optimal dispatch problem, the coordination models can be interpreted as
different relaxation schemes, with competitive players in generation and consumption and the
system operator solving different sploblems and information is exchanged back and forth.

The decompositions corresponding to nodal pricing and -Bleaé pricing are priedriven. In

the case of nodal prices, the system operator hands out the optimal nodal prices of energy
obtained after solving & optimal dispatch problem, and optimal dispatch is achieved as
producers and consumers adapt to their local prices. For-dw@o prices, a market is
supposed to bring forth the competitive prices of transmission rights, while the system operator
provides information on how trades affect every single link. When traders adapt to the
transmission charges of the links imposed by the prices of the transmission rights, the overall
problem is solved. The coordinated multilateral trade model can be interpredcBeaglers
decomposition, where the market players maximize net profit, and quantities are communicated
to the system operator, which checks feasibility and generates constraints. The new constraints
must be taken into consideration when additional trafeglaced and the process continues.
Due to the complexity of electric networks, each method has its limitations in practical use.

In this paper, we combine several of the above approaches. Our objective is to find good
approximations of the optimal nodptices based on an uncongested system price and the
loading vectors of congested lines. This approach may be interpreted as-ReCkaguricing
approach including éhubg as suggested by Stoft (1998), where we estimate/guess the shadow
prices of congestklines. Our approach is also similar to the coordinated multilateral trade
model of Wu and Varaiya (1995) in that we need not rely on the disclosure of private
information. Compared to Wu and Varaiya (1995), instead of announcing the constraints
through he publication of the loading vector, the grid operator announces a set of nodal
capacity charges that is based on an estimate/guess of the shadow price of the constraint in
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guestion, and the loading vector. The approach is also similar to that of GEvitehlvarado

(1997) who use market information to estimate cost parameters.

3 The Capacity Charge Approach

The optimal market equilibrium is the market solution which gives the maximum social surplus
attainable within the constraints of the system, i.eethelibrium which replicates the solution

to the optimal economic dispatch problem. In this section we compare the market equilibrium

of the capacity charge approach with the optimal economic dispatch.

Consider an electricity market where supply and dehanme located im nodes which are
interconnected by a constrained transmission grid. Demand ininage depends upon the
market price p, in the node. The demand curve is specified as the general furgtia?)
which is assumed to be namcreasing ing”. Note that for a given pric@, , the corresponding
demandq’ is found as the inverse of the function. Likewise, supply in modg, also depends

on the market pricep, of the node, and the supply curve is specified as the general non
decreasing functiomp®(g°) . The supplyg® in nodei for a given nodaprice p; is the inverse

of the function.

The social surplusP  is defined as total willingness to pay, less total cost of production, as
shown in (3.1). Note that the total willingness to pay is given as tleewder the demand

curve, while the total cost of production is the area under the supply curve.

n éldw d qi s g
Pst aenp (@dg- fp’(g)dqu (3.1)
i=1 8o 0 H

where g and g° are the quantities demanded and supplied in no8ecial surplus mage
decomposed into demand surplus, supply surplus and grid revenue, the latter due to congestion.

These are shown respectively as the three te

A o], B o
Pt A 6Pt (@)- p(q")dau+ 4 éfps(a®) - pe(@)]dan
= 8o =g ¢ (3.106)

+ 621 [pid (qid )qid - pis (QiS)QiS]

The transmission grid consists of several lines connecting thesndo illustrate the nodal

capacity charge approach, we consider real power using the losslesgi@éapproximation
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of power flow equations, with reactances equal to 1 on ever{tlirikach lindij of the network
is defined by the two nodesandj which it interconnects. Let); be the flow along ling. If
positive, the flow is in the direction from nodeo nodej. If negative, the flow is in the

direction from nodg¢ to nodei. Under the lossles®Cboapproximation we have; =-q; .
Production in nodéis g°, while consumption in the node @§'. The net injection in nodieis

defined by:

g'aq’-ao (3.2)

The power flow on each line is determined by Kimhhf 6 s j uncti on rul e, k

and the Law of conservation of energy.

qizaQij =12 ,n-1 (3.3)
i

ag =0 ?=12 ,m- n+l (3.4)

if Ly

a q =0 (3.5)

Kirchhoffds junction rule (3.3) se¢qanattethe t hat
current flowing out of it. There amenodes, and there arel independent equations. Equation
(3.4) follows from Kirchhoffds |l oop rule th
differences across all components around any loaprs. The number of independent loops is

given by m- n+1, wheremis the number of lines in the gridL) =(L,,2 ,L, ..,) is the set

m- n+l
of independent loop& and L, is the set of directed arsin a path going thrnegh loop?. The

law of conservation of energy (3.5), states that, in the absence of losses, total generation is

equal total consumption.

In general, for a given network and load, the power flows may be summarized by a matrix of
load factors. Each load factobi}m shows the fraction of an injection in nodeith withdrawal

in nodem that flows along lindj. Note thatb;" =- 5 and 5" =- b™. Under thed>Cb

2The 6DCOd approximation is the customary appr ox
with the management of transmission constraints. Under thasa@ssns, and with welbehaving cost
and benefit functions, t he opti mal di spatch pr

approximation, see for instance Wu and Varaiya (1995), Chao and Peck (1996) or Wu et al. (1996). In
the 6DCO6 a pthlosses anueeactive poweb are left out.
1225ee Dolan & Aldous (1993).
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approximation the load factorgeaconstants, i.e. independent of [FddBy introducing a
reference point for withdrawals, the load factors may be represented by a loading vector
bt (b b 2 b)) (b} b} 2 b)) for each linkij. Elementk of loading
vector E_)ij (r) shows the flav along lineij if 1 MW is injected into nod& and withdrawn in the
reference point. A general trade between nodandm, may be viewed as a combined trade
between node | and r and between r and m.  Thus, we have

b" = b +b"=bi - b™ = b; - b". With net injedbns given, the line flow along linigis

consequently:

q; = a bi} di (3.6)

Capacity constraintsCAR 2 0 and CAP; 2 0 on line ij require that g; ¢ CAR and
q; ¢ CAP, . The capacity comsints may thus be stated&s

a b,q ¢ CAP, k=12 ,n, 1=12,n, k,I (3.7)

Under thed®C6 approximation, optimal economic dispatch is then given by the following

convex optimization problem:

n éqid a° 7]
maximize P! § éfp’(q)dg- fjp’(a)dau
i=1 @o 0 H
subjecto q =9°- g’ i=12 ,n
qi:aqij 1=12 ,n-1
N (3.8)
ag =0 ?=12 ,m- n+1
iji Ly
a. q =0
a b,q ¢ CAP, k=12 ,n, 1=22,n k,I

In the unconstrained case, where neithethefcapacity constraints of (3.7) are binding, there

will be a uniform price in the market. For the capacity constrained case, where at least one

123 |n general AC systems the load factors depend on the distribution of loads over the network. Our
method applies also for general AC systems, however, requiring recalculations loadh&ctors
according to the load.

' Note that for a noexisting lineij we have 5" = b;" =0, andCAR, =CAP, =0.
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capacity constraint is binding, nodal prices will differ and may be different for all Hadis
the constraih g, ¢ CAR, is binding, we havey,, 2 CAR, and thusg, 2 0. As g, =-q,, the
corresponding constraingj, ¢ CAR, is not binding. Define the shadow prices of (3.7) as

m, 2 0. Thus, if m; >0, we haver, =0.

Under the capacity charge approach, the system operator first provides nodal capacity charges,
cc . On receiving this information, the participants determine Igugopd demand bids. Market

clearing, results in an equilibrium energy prige, which is common to the entire pool. The
capacity charges may be positive or negative. A positive capacity cltargeQ, is defined as
the amountcc the suppliers in the node pay per unit supplied, or equivalently the armount

the consumers receive per unit consumed. For a negative charge, consumers pay, while
producers are compensated. The nefahprice thus equalp, = p- cc.

Proposition: The market equilibrium of the capacity charge approach is in
accordance with optimal economic dispatch when capacity charges are

optimally defined.

Proof. If we relax the capacity constraints(18), we obtain the Lagrangian function:

N B e N
L(7) = & éfp’ (@)da- fips(a)dau+ & & m AR, - & bi (a7 - 9')y (3.9)
i go 0 H k 1 e i u
For a given vectorm consisting of shadow prices for all lines of the network, the relaxed
problem h(77) :{maxL(/_r) s.t.(3.2)- (3.5)} provides an upper bound on the objeetfunction
value of (3.8). This follows from weak duality. Because of strong duality, solving the dual
problem minh(77) also provides the solution to our original problem (3.8). Considering the

objective function of the dual problem andrreaging terms, we get:

& g« s 2
L(m=a gﬁpid (@)dg+@ & m by o’ u- a énpc(ada+a a m blldchsa
i B0 ko1 i 8o ko
+a a mCAR, (3.10)
ko

Qid q’
=a fif (@dg- & fip(9)dg+d a mCAR,
i 0 i 0 k|

125 Refer to Wu et al(1996) for the characteristics of optimal nodal prices.
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The rearranged Lagrangian function is quite similar to the original (3.1), however, with two
alterations. First, the original supply and demand functions are perturbed, and have been shifted

by the erm § & m, b, , as shown in (3.11).
k1

b (o) p(@)+& & mby p’(g)+cc
§ R (3.11)
B(a): pr@+& & mby pi(g)+cc

This perturbation is equivalent to the shift in supply and demand curves resulting from the

capacity charge approach, where suppliers and consumers infaode capacitgharge

cc=aanm blid (3.12)
ko

Secondly, we have the addition of the last tegng m,CAR, . For a given shadow price
vector m, this term is a constant. For optimal kshleldow prices, the termis equal to the
Merchandising surplus (cf. Wu et al. (1996)), which is equivalent to our definition of grid
revenue in (3.10). Thus, soci al opti mum i s
capacity chargescc =3 § m, b, . and subsequdugt solving the unconstrained optimal
dispatch problem by ckleallring the market according to the perturbed supply and demand
functions of (3.11)y

In our approach capacity constraints are managed by means of nodal capacity charges, which
cause shifts in the supply and demand curves. Thus, constraints are implicitly taken care of, and
market equilibrium results from clearing the market on a comnmamgg price,p, i.e. the

system price. In optimum, the net prices of each nages p- cc,, are equivalent to the

optimal nodal prices of the nodal pricing approach. Note, however, that although optimal

capacity chargesc are given by (3.12), they are not uniquely defined, but are associated with

the load factors. When using load factors associated to a reference point, both the level of the
capacity charges and the system price are affected by the chosen referentéspgrdptimal
shadow prices will however always ensure the same optimal net nodal prices, regardless of
which reference point is chosen. As market participants optimally adapt to the net price, i.e. the
market energy price corrected by the capacity changeket equilibrium is not affected by the
choice of reference point.
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4 Capacity Charges: An Example

To illustrate the nodal capacity charge approach, we construct an electricity market of six

nodes, each with production and consumption. We will here aschimark show the outcome

of the optimal unconstrained and constrained dispatch, the latter using nodal prices. With

optimally defined capacity charges, we show that the outcome of the capacity charge approach

is identical to that of nodal pricing.

Model and Parameters

Generators are assumed to have quadratic cost functions, with a profit fupctioh the
general formp® =(p- cc)q’ - %ciqu, which gives us linear supply curves. We also assume

linear demand functions. Supply and dethaarves, including capacity charges, are shown as:

p=¢ Qis +CC (4.1)
p=a +cg - bo (4.2)

wherea, >0, b >0 andc, >0 are positive parameters. The parameters of our example ar

shown in table 4.1.

Table 4.1 Parameters

ai bi Ci
Nodel 20 0.05 0.2
Nodeqd 20 0.05 0.1
Noded 30 0.10 0.7
Node4 20 0.05 0.2
Nodeq§ 30 0.10 0.7

Noded 30 0.10 0.1

Social surplus, écomposed into the surpluses of suppliers and consumers, and grid revenue

due to congestion, is given by (4.3).

6 6 6
P.ra (- p+tce)g’ +@ 1(p- co)of +@ cc (g’ - of) (4.3)

i=1 i=1 i=1

The network connecting the six nodes is shown in figure 4.1.
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Figure 4.1 Network
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We apply the lossless lineddCoapproximation of the power flow equations, with reactances
equal to 1 on every link. For given net injections, power flows are determined according to
(3.3), (3.4), and (3.5), here stated as follows:

Oy = Cho + Chs T 04

Q, = -0, 0z

O; =~ Oy~ Qi3+ 0ss (3.30)
Qs =~ Oy T Qu5 T Qe

Os = - Qa5 - Ous * Uss

Chs = G2 + U2s
Q13:q14+Q45'Q35 (3- 46)
Chs = Ois + Os6 = Os6 = Uss

q1+q2+q3+q4+q5+q6:0 ( 3 56)

The load factorsbi}m show the power flow on ling following from an injection of one unit in
nodel and withdrawing it in noden. By sol vidrog (@n.d306Q31 803 . wi t
g, =-1, we can represent the power flow of network by a matrix of load factors. The matrix

of load factors for our example network is shown in table 4.2.
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