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ABSTRACT

Abstract

The key question dealt with in this report is wigetAnd how governments should be involved
in taking measures regarding security of energplsupn order to answer this question, we
developed a framework for cost-benefit analysis amalied this framework to a number of
policy options. The options chosen vary from goweent investments in strategic oil stocks to
financial incentives for consumers to reduce theirsumption of electricity. The set of options
comprises several types of governmental actiohydiieg subsidies, regulation and government
investments. Moreover, the selection includes measmeant to address risks on all three
major energy markets: oil, natural gas, and elgtgriThe general picture following from the
cases studied is that security of supply measueekadly ever beneficial to welfare: benefits
of policy measures do generally not outweigh cdatsm an economic point of view, therefore,
it would be often wiser to accept consequencesibly disruptions than to pursue security of
supply at any cost. This implies that governmehtsifl exercise caution in imposing measures
regarding security of supply. If serious markelia is detected, careful attention should be
paid to the design of the corrective measure. liskabg and maintaining well-functioning
markets appears to be an efficient approach isirgla secure supply of energy. That
approach would include removal of entry barrieesusing equal access to essential facilities
and increasing transparency of markets.

Korte samenvatting (in Dutch)

De vraag die in dit rapport centraal staat is ofkevevijze de overheid betrokken zou moeten
Zijn bij het verzekeren van de energievoorziendm deze vraag te beantwoorden hebben we
een raamwerk voor kosten-batenanalyses ontwikketdegepast op een aantal beleidsopties.
Deze opties variéren van investeringen in stratégi®lievoorraden tot het geven van
financiéle prikkels aan consumenten om het eldteiisverbruik te verminderen. De
onderzochte beleidsopties omvatten subsidies, worae regelgeving, en investeringen.
Risico’s op de drie grootste energiemarkten — glées, en elektriciteit — zijn in de analyse
betrokken. Het algemene beeld dat naar voren kenut overheidsbeleid specifiek gericht op
voorzieningszekerheid veelal niet kosteneffecefle baten van de beleidsmaatregelen wegen
vaak niet op tegen de kosten. Economisch geziketidus veelal verstandiger kosten van
storingen te accepteren in plaats van tegen eljstpmproberen storingen te voorkomen. Dit
betekent dat overheden terughoudend zouden moigterijhet nemen van maatregelen die
gericht zijn op voorzieningszekerheid. Als markéemiet in slagen om de energievoorziening
goed te regelen, dan zou overheidsbeleid op zgatplkunnen zijn mits zorgvuldig aandacht
wordt gegeven aan het ontwerp van de maatregetarerial geldt dat het realiseren van goed
werkende energiemarkten ook bijdraagt aan het vgerovan de energievoorziening.
Kernelementen daarbij zijn: verminderen van toétgsbelemmeringen, scheppen van gelijke
toegang tot essentiéle faciliteiten, en vergrotem tvansparantie van vraag, aanbod en prijzen.
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PREFACE

Preface

Sufficient supply of energy at all times is genlgraighly valued. Disruptions in supply can
cause high costs to society. Since securing thelgab energy also incurs costs, the major
guestion in this field refers to the optimum legékecurity. A related question is whether
markets succeed or fail in realising that leveltha latter case, government involvement could

be welfare improving.

In order to answer these questions, cost-benddilyaes are required. In contrast with other
domains of governmental policies, only a few exaspxist of studies analysing costs and
benefits of security of energy supply measures. Néiterlands’ Ministry of Economic Affairs
requested the CPB to develop a framework for ceaefit analysis directed at this domain of
policy. In addition, the Ministry asked the CPBaaply that framework to a number of policy

measures.

Because of the complexity and size of this projeetin turn asked several researchers from
different institutes to contribute. Aad Correljetbé Technical University Delft made an
overview of disturbances on energy markets in &st,@and contributed, with the help of his
students Philip Cocken and Jord Engel, to the arsbf risks on the natural gas market. Robert
Mabro and Robert Arnott of the Oxford Institute femergy Studies explored risks on the oil,
coal and uranium markets. Christian Bos and Jaaprigse of the Netherlands Institute of
Applied Geoscience TNO increased our knowledgediical aspects of the gas market. Rob
Aalbers of the Erasmus University Rotterdam conteld to the analysis of the electricity
market. Finally, Sander de Bruyn and Ron Wit of @Rutch environmental research institute,

explored policy options and calculated the dirdfetats of a number of these options.

During the project, we were advised by a steeromgmittee from the Ministry, composed of
Jeroen Brinkhoff, Hans Cahen, Tom Kolkena, KlaasKaops, Bert Roukens (chairman) and
Jaco Stremler. In addition to this, we receivedhbigiseful comments on draft versions from
energy market specialists from several organisatibnparticular, we want to mention the
contributions made by Manfred Decker (European Casion), Erik van Ewijk (EBN), Per
Godfroij (VROM), Wim Groenendaal (NAM), Misja Mikke (Dte), Michiel de Nooy (SEO),
Laetitia Ouillet and colleagues (NUON), Martin Sepers and Michiel van Werven (ECN),
Martien Visser (Gasunie) and Laurens de Vries (TafD Finally, we benefited from
discussions with and among experts from reseanduisiry and government at the workshop
where we presented tentative results of this rekear

We thank them all for their highly useful contritmuts. The responsibility for this report is, of
course, entirely ours. Feedback on a regular Ifisis within the CPB was given by Paul
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Besseling, Carel Eijgenraam, Taco van Hoek, Ruuke®©&nd Bert Smid. Besides this, several
other colleagues put forward useful comments oritta draft version of this report.

Within the project team, a clear division of taskas made. Jeroen de Joode went deeply into
the ‘Groningen’ case, Douwe Kingma investigatedgyobptions directed at the oil market,
Mark Lijesen analysed all cases related to thetridity sector and made, in addition, a
significant contribution to the framework of anatysand Victoria Shestalova wrote the
network chapter. Machiel Mulder managed the projeodte the introductory and concluding
chapters and did the final editing of this repBrisides the authors, Martin Vromans was very
valuable to the project as he conducted the maormeuic analysis of several policy options.
Finally, Jeannette Verbruggen contributed by caimgdhe report according to CPB layout and
style standards.

Henk Don
Director
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SUMMARY

Summary

Scope of the research

The key question dealt with in this report is wigetAnd how governments should be involved
in taking measures regarding the security of ensugply. In the past, the level of security in
most energy markets was extremely high as govertswegre strongly involved in the energy
sector. In liberalised markets, private firms yitbbably not ensure that high level of security,
as private costs incurred could be higher tharapeibenefits. The California electricity crisis
in 2000 and 2001, and the liberalisation of theopean energy markets have fuelled doubts
about the willingness of private firms to investl® maintenance and expansion of production
and transport capacity. Moreover, the growing ddpane on oil and natural gas from
politically unstable countries has increased warabout the security of the supply of those
energy carriers. The recent blackouts in North Ac@eand various European countries

emphasize the importance to society of a secunel\sop energy.

In order to assess the role for governments inggnmarkets from the perspective of energy
security, we developed a framework of cost-beraafdlysis and applied this framework to a

number of policy options.

Interventionist approaches are not efficient

The general picture following from the cases stddsethat security of supply measures are
hardly ever beneficial to welfare. From an econopamt of view, it would be often wiser to
accept consequences of supply disruptions thanrsup security of supply at any cost. This
implies that governments should proceed carefualiyriposing measures regarding security of
supply. If serious market failure is detected, fidrattention should be paid to the design of the

corrective measure.

The results of our analysis show that in some camsggets fail to deal with all costs and
benefits of security of supply measures. The oilkaiais an obvious example. Benefits of
investments in strategic oil stocks do not fullgrae to the investors, but also to other parts of
the economy. As a result, private firms will invésts in these stocks than governments. In
most other cases, however, markets seem to suoteealising a sufficient level of security of
supply. Moreover, in several cases where markktréis detected, costs of government action
could easily be higher than the benefits generated.

Effective competition policy contributes to a secur e supply of energy

If markets function well, prices will give produsencentives to invest if supply becomes
scarce, while at the same time consumers are esgedito reduce demand. So, this price
mechanism enables markets to match supply and demnégll-functioning markets may be
prone to price spikes, as our studies of both #seamd electricity markets suggest. However,

11
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the welfare costs of price spikes in these cagesraall in comparison to the costs of policies
directed at preventing these spikes.

If prices do not reflect real scarcity or producargonsumers are not able to respond to
changes in prices, security of supply problemsaaplpear. Therefore, establishing and
maintaining well-functioning markets appears tabeefficient approach in realising a secure
supply of energy. Market design plays a cruciad teére and includes removal of entry barriers,
securing equal access to essential facilities, agaletworks and storage, giving network
owners incentives for investments, and increasiagsparency of markets. The example of the
crisis in California shows how serious the consegas of flaws in ‘market architecture’ can

be.

Usefulness of the framework

The key element in the framework developed is tieak-even frequency. The break-even
frequency is defined as ‘the frequency of occureesica predefined crisis at which the present
value of the costs of the policy option exactly &gtthe present value of its benefits’. In our
view, calculating the break-even frequency is &ffrbapproach in dealing with risks.
Consequently, the cost-benefit framework enablesarechers and politicians to think
systematically about consequences of security mblgumeasures. This does not imply that any
new application of the framework is as easy asuéirre job. In every cost and benefit analysis,
researchers have to analyse specific characteristigsks and policy measure(s) at stake.

Oil market: expanding strategic oil stocks and subs idising biomass

On the oil market, the crises analysed are a teanpalisruption of supply, resulting in a short
lasting surge in the crude oil price, and an effectartel of oil producers, leading to a longer
lasting but smaller price increase.

Investment in strategic oil stocks is an internagigoolicy measure focusing at the former risk.
We conclude that extending strategic oil stockerimtionally, as is proposed by the European
Commission recently, is not an efficient policy reei, unless one views the risk of a long-
lasting disruption of supply as a relatively higteo

Encouraging the use of biomass in the transportaadical sectors is a measure aimed at
decreasing vulnerability of an economy to oil pmaevements. This measure would be highly
inefficient: even if the crude oil price would panently be on a 20% higher level, this option
entails high losses of welfare. The analysis of theasure includes assessment of

environmental effects.

12
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Natural gas market: capping production of ‘Groninge n’ and diversifying the power sector
Risks on the natural gas market are primarily eglab the flexibility of the gas system and the

growing dependence on non-European suppliers.

Capping production from the Groningen gas would Ipelicy measure to increase the lifetime
of the capability of this field to serve demandiiseverely cold winter. This option is a highly
expensive measure. Despite this conclusion, thetigueremains whether capping production
from the Groningen field would be efficient if tHisue is analysed from a broader perspective
than that of meeting extremely high demand. In otd@nswer this question, additional
research should be conducted.

The growing vulnerability to supply decisions maxlgside the European Union could be
reduced by stimulating substitution within the powector towards other fuels, such as coal,
and other generation techniques, such as windnestand nuclear power. The break-even
frequencies for all policy options investigated high, implying that the disruption should
occur very frequently in order to make these potipyions viable. Sensitivity analysis shows
that this conclusion is fairly robust for wind acoll-fired power. For nuclear power, however,
changing some of the assumptions would alter tihelasion. Investments in nuclear power
plants could be efficient if the latest techniquesild be used, in combination with an

exceptionally high load factor.

Electricity market: regulating reserve capacity and raising levies on use of electricity
The major risks on the electricity market consfgnsufficient investments in peak production
capacity and high power prices due to imperfectpetition.

Introduction of measures giving private partiesimives to invest in peak capacity is an option
to cope with the former risk. We assessed the erstdenefits of three options aimed at
increasing the reliability of electricity produatiocapacity markets, reserve contracts and
capacity payments. We found that each of thesempinduces high costs, capacity markets
and reserve contracts because capacity is lefaitlecapacity payments because of large
welfare costs induced by price increases. The yolitions are not efficient in preventing price
spikes, as the welfare costs of price spikes averdhan the costs of the policy options, unless

price spikes occur at an implausibly high frequency

Encouraging saving on the use of electricity, fmtance by raising the rates of the energy tax,
is an option to reduce the vulnerability of the mmmy to abuse of market power by producers.
Our analysis shows that a price increase of 50%dume year should happen at least once
every 4.2 years to make this policy option effitiérhe result is fairly robust to changes in
assumptions; it suggests that the policy is ndileifrom a supply security point of view.

13
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Electricity network: restructuring of industry and regulating reliability
The power grid faces the risk of decreasing rdiigbiFurthermore, lack of independence of
networks may cause execution of market power bipnedi generators.

We stress the importance of independent functionfngetworks. We discuss two policy
options that focus on increasing independencegiénal transmission networks: creating a
number of independent regional transmission conggaaud merging regional transmission
with the Dutch Transmission System Operator (TepnBdth options would involve a
restructuring of the industry. Qualitatively, weghiight the trade offs that arise with respect to
these two options. A deeper analysis and consuftsitiegarding all options, including the
option not to split regional transmission from distition, would be needed to assess their
overall effect on social welfare.

We discuss three policy options with respect talaipn of reliability of regional networks:
the current policy consisting of minimum standaadd compensations for violations, the new
proposal of the Dutch regulator (DTe), and theaptf maintaining the pre-liberalisation level
of reliability. On theoretical basis, we can sagtttihe base policy option (currently in place)
does not safeguard reliability and may eventuaidito reliability decreasing below the
optimal level. The new DTe proposal is more effextiThe alternative policy option of
maintaining the current reliability level is al®s$ attractive than the DTe proposal.

A few caveats

Despite the fairly extensive research we condustedhave to mention a few caveats. First of
all, the set of policy options analysed does neecall options and all designs of those options.
In order to fully assess the role of governmenth@field of security of supply, several other
options would have to be analysed as well. Moreowveranalysed costs and benefits of each
option given a defined design instead of searcfinghe optimal design. Theoretically, the
latter is more appealing. In practice, defining diptimal design of a policy option requires a far
more profound analysis than has been conductddsmeport. As a result, this project cannot
give the final answer regarding the role of goveenis.

Another caveat results from the characteristiosost-benefit analyses. The results of any cost-
benefit analysis offer only part of the informatio@eded for decision making. Some effects are
not measurable and, hence, are accounted fopasraemoriaitem. Moreover, the distribution

of costs and benefits within society generally playp important role in the decision-making
process. In our analysis, we analysed the distabugffects at a fairly aggregate level only. If a
cost-benefit analysis is applied to risks, an aodid@l caveat should be mentioned, being the risk
attitude of decision makers. If governments are aigerse, for instance because of a suspected
effect of a crisis on the reputation of politicians if societies as a whole are risk averse, the
interpretation of the break-even frequency shifteavour of the policy measures

14



1.1

1.2

BACKGROUND AND SCOPE OF THE RESEARCH

Introduction

Background and scope of the research

The California electricity crisis in 2000 and 208xd the liberalisation of the European energy
markets have fuelled doubts about the willingndgzioate firms to invest in the maintenance
and expansion of production and transport capadtreover, the growing dependence on oil
and natural gas from politically less stable caesthas increased worries about the security of
the supply of those energy carriers. The recemkblats in North America and various
European countries emphasize the importance tetyoai a secure supply of energy.

Policy makers and others involved in the energyosetherefore, give a great deal of attention
to the security oénergy supply. In 2000, the European Commissioggnted its Green Paper
(COM, 2000), and in 2001, the government of thetéthBStates published the ‘US Energy
Plan’. Small countries have also become increagiaghre of the uncertainties associated with
energy markets. In the Netherlands, for instaf@gbvernment recently initiated a research
programme focusing on policy options to cope wlith tisks related to the supply of energy.

The key research question within the debate ofriigaf supply, from an economic point of
view, is whether a particular type of governmemeivention improves or worsens welfare. Do
markets fail in efficiently realising a secure slyppf energy, or do regulatory failures exceed
market failures? The Netherlands’ Ministry of Ecomo Affairs asked CPB, firstly, to develop
a framework of cost-benefit analysis in the fiefdsecurity of supply and, secondly, to apply
that framework with regard to a number of measdrnected at security of energy supply
which could be taken by the government of the Nédihels.

This introductory chapter explores the field ofe@xh. Section 1.2 analyses the sources of
disturbances on energy markets. The next sectmusés on the role of governments in
securing the supply of energy. These two sectietisat the two key elements for the
analytical framework, which is introduced in sentib4. Those key elements are uncertainty
and market failure. After having discussed the ncaimponents of the framework, the chapter
proceeds with an application of the framework. Bact.5 depicts the policy options which are
chosen as subjects of the cost-benefit analysis.chlpter ends with an overview of the
structure of the report.

Sources of disturbances on energy markets

Disturbances of energy markets could originate fdiffierent sources, such as technical
failures, political restrictions on the supply sided sharp increases in demand as a result of
unexpected high economic growth or extreme weatbeditions (see Appendix 1).

15



ENERGY POLICIES AND RISKS ON ENERGY MARKETS: INTRODUCTION

Risks on the oil market are strongly related toghpply side. In the short term, geo-political
events and the behaviour of members of the OPEEIl citermine the price of oil. In the last
few years, mainly due to these factors, the spoepf the Brent has shown great volatility,
with a monthly average price ranging between 103hdollars per barrel. The major
uncertainty in the medium term concerns the intgooétical situation in Saudi Arabia and
other major Gulf countries (OIES, 2003; see Apper2Ji Social upheaval in these countries
could lead to a dramatic reduction in oil producticesulting in a strong and relatively long-
lasting rise in the price of oil. In the long-terdgpletion of oil fields will affect the oil market
and, hence, the price of oil.

The major risk on the natural gas market in thetsieom is related to weather conditions (IEA,
1995). In the past, very cold winter days causeerse disturbances. In the winter of 1992/93,
for instance, Canada experienced severe problethghvd supply of natural gas. More recently
in the Netherlands, the pipeline system was unabdieliver the gas demanded by end-users as
a result of exceptionally low temperatures. Theafsgas from storage facilities, however,
prevented the occurrence of disruptions. In thgdtmmm, disturbances on the natural gas
market could stem from increasing market power @fvaproducers. After all, supply from the
United Kingdom and the Netherlands will probablase within the next few decades, making
the European Union more dependent on gas from &ubs Middle East and Northern Africa.

It appears that the coal market does not facefiignt risks, mainly due to an even distribution
of abundant reserves over the world (OIES, 2008¢ doal market is a highly competitive
market, with prices strongly related to marginadtsof supply. The uranium market shows
more uncertainties, especially in the medium tewhen secondary resources will be depleted
(OIES, 2003). The economic effects of these risiisbe rather modest due to the small
contribution of uranium to the generation of elwity in the Netherlands, although the
Netherlands import some electricity produced bylearcunits. Risks and policies towards the
coal market and the uranium market are, therefaewithin the venue of this analysis.

As electricity is a secondary energy carrier, rigkghis market are, by definition, related not to
depletion but to production. The most significaskon this market concerns the level of
investments in production and transportation capd@reen, 2003). Due to the impossibility of
storage of electricity, demand for this productidt@lways be equal to production at any time.
The demand for electricity shows, however, a largatility from hour to hour, from day to

day and from season to season. The capacity ofiptioth and transportation must, therefore,
be sufficient to satisfy the largest peak in demdrie profitability of capacity that is hardly
used is, usually, too low for private firms. Consently, the margin between production
capacity and peak demand has decreased in counttiebberalised markets, raising the
probability of price hikes and physical shortagesases of extremely high demand or
disruptions on the supply side.

16



13

SECURITY OF ENERGY SUPPLY AND ROLE OF GOVERNMENTS

Within networks, risks are related to the functianof the grid. Disturbances within the grid
could follow from technical incidents (in the shtegtm) or from insufficient investments in

maintenance and extension of the grid.

The degree of flexibility of agents to react to ckewithin demand or supply determines the
economic consequences of the latter. In the sbort, tboth supply and demand are rather
inflexible to adapt to renewed market circumstanééshe supply side, investments in capacity
for production, storage and transportation hawsad-time varying from one year (e.g. small
gas-fired power plants) to more than a decade if@ernational natural gas pipelines).
Consumption of energy in the residential sectomshihe greatest inflexibility in the short

term, while several types of power plants, foranse, have relatively cost-effective
opportunities to switch among fuels. The longertthee frame is, the greater the possibilities of
both energy producers and consumers to implemetations.

Security of energy supply and role of governmen  ts

What is meant by ‘securing the supply of energytearding to politicians, it is guaranteeing a
stable supply of energy at an ‘affordable’ price ,matter what the circumstances are (see e.g.
COM, 2000). From an economic point of view, howetlee concept of security of supply is
less clear. In general economic terms, energy ggcefers to “the loss of welfare that may
occur as the result of a change in price or aviithabf energy” (Bohi et al., 1996). However,
markets will always show variations in supply aminénd, and, hence, in prices. A reduction
in supply allows prices to rise and demand to fallile an upward shift in demand raises prices
and, hence, supply. Economists who adhere to e vd free markets would argue “queues
and visible physical shortage only appear when gowents attempt to intervene with the
market by fixing prices below the market cleariagdl or by introducing quantitative

rationing” (OIES, 2003). However, shortages couti aesult from market failures.

The issue of security of supply can, thereforevibaved as a problem of externalities: costs or
benefits that are ignored by markets in the deteation of prices. If private costs are smaller
than social costs, consumption or production wélhigher than the social optimum. Bohi et al.
(1996) view the relationship between oil consumptad imports, on the one hand, and the
market power of oil-producing countries, on theeoftas a clear example of such a negative
externality. A positive externality arises if sddi@nefits exceed private benefits, resulting in a
level of production below the socially optimum lew& clear example of such a positive
externality is that profit-maximising firms probgtdo not invest in excess production capacity,
which will rarely be used (Helm, et al., 1988).

17



1.4

ENERGY POLICIES AND RISKS ON ENERGY MARKETS: INTRODUCTION

As a general economic principle, governments shimiiétvene with security of supply only if
energy markets fail to realise efficient soluti¢gBshi et al., 1996). Market failures exist if
economic agents do not take into account all aufgtsice shocks and physical shortages to
society. As a consequence, individual agents inesstin flexibility or consume more than
would be optimal from a societal point of view.drder to require sufficient flexibility,
governments could give private firms additionalentves or could themselves invest in, for
instance, spare production capacity. Introductibcapacity markets is one option to encourage
investments by private firms in peak capacity.uatsa market, private firms receive a reward
for investments in capacity, as well as a rewardte delivery of energy (see e.g. Barrera, et
al., 2003). Another option is the introduction apacity subscriptions, by which consumers can
buy capacity and, hence, security of supply (sge@oorman, 2003).

On the other hand, if regulatory failure exist¢eimention by governments decreases welfare.
In general, regulatory failures result from insciffint information within the government,
diverging objectives between government and prifiates, and non-welfare-maximising
objectives of the government (Helm et al., 198&)biRson (1993) emphasises the third source
of regulatory failures by stating that those fauarise “from pursuit of short-term political
interests, supported by the producer pressure grach thrive and lobby government”.

Concluding, governmental intervention is justifié@m an economic perspective, only if
market failures are large, and if they are larpantthe regulatory failures. The role of
governments in securing supply of energy, thereideenands a careful analysis.

Framework of analysis

From the above sections, it follows thetcertaintyandmarket failureare the two key
components in appraising governmental actionserfigid of security of energy supply. The
first component (uncertainty) tells us that thepoted) efficiency of measures in this field
depends on the (expected) occurrence of disturb@nsecurity of supply measure is only
profitable if a disturbance happens occasionalhis Tact has two implications. The first one is
that measures which are profitable without the oence of a disturbance do not belong to the
category of security of supply measures. To ilatstthis: an investment in strategic oil stocks
is only efficient if the oil price rises sometimeghile the encouragement of energy-saving
could be efficient without any change in energgesi albeit a rising price would enhance the
efficiency of that measure. The second implicat®otinat measures which do belong to the
above category should always be assessed agairisatkground of disruptions on the energy
market at stake.
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SELECTION OF POLICY OPTIONS

The second component (market failure) says thagigowents should only take security of
supply measures if market parties do not takeastmunt all costs and benefits of that
measure. This implies that in the cost-benefit ysialexplicit attention should be given to
private cost and benefits, on the one hand, andlsausts and benefits on the other. Besides
the welfare effects, distribution effects shoulsibabe made explicit in the analysis.

In order to cope with the uncertainty element, westruct risk scenarios based on a profound
analysis of risks on energy markets. Risk scenaiescenarios in which certain disturbances
occur on one or more energy markets. Afterwardsaseess costs and benefits of policy
options against such a scenario. In order to caffetive market failure element, we analyse not
only the direct effects of a measure, but alsarilgect effects and external effects.

Once we have determined the costs and benefiteqgdrbject alternative, we compute the
break-even frequency of the risk scenario and thieyoption. The break-even frequency is
defined as the minimal frequency at which the defidisturbance should occur in order to
make the net benefits of the policy option exaz#yo. Finally, we compare the break-even
frequency of the disturbance with the expected g@hodlby of occurrence following from the
above-mentioned thorough analysis of energy markets

The results of the analysis indicate which polipyians contribute to welfare and which do not.
Whether the government should implement optiorthérfirst category remains a political
decision that involves taking into account othgreass, including distribution effects.

Selection of policy options

The framework developed in this report is appliead humber of policy options which could be
taken by the government of the Netherlands. In ggngovernments have several options to
cope with security of energy supply. These opticans be distinguished in three major groups
of points of application: a) prevention of distunbas, b) reduction of vulnerability, and c)
mitigation of adverse effects of disturbances.

The first group consists of all those measurestiicbat preventing shocks in demand or
supply. National governments have limited oppottasito prevent crises on the international
energy markets. Therefore, most of the currentgatieasures focus on the reduction of the
vulnerability of the economy to crises on energykats. Generally, this vulnerability depends
on 1) the energy-intensity of the economy (i.e.uke of energy per unit produced), 2) the
relative importance of a certain energy carrighimtotal use of energy (e.g. the share of oil in a
nation’s total energy consumption) and 3) the gbit adapt the level and the structure of

energy consumption (e.g. by means of energy-sauiaigfuel flexibility).
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Table 1.1 Risks on energy markets and po licy options subject of analysis

Risks on energy markets

Oil market:

Temporary disruption of supply

Effective cartel behaviour of oil producers

Natural gas market:

Insufficient flexibility of the gas system to meet shocks

in demand and supply

Effective cartel behaviour of gas producers

Electricity market:

Insufficient production capacity to meet peak demand

Imperfect competition resulting in high prices for power

Electricity network:

Abuse of local or regional market power due to lack of

independence of networks

Technical failures of networks

Policy option (point of application)

Extending the oil emergency stocks (= prevention of

disturbance)

Subsidisation of biofuels in the transport and chemical sector

(= reduction of vulnerability)

Extending the lifetime of Groningen as a swing supplier (=

prevention of disturbance)

Reducing dependency on gas by encouraging substitution
within the power sector towards coal, nuclear or wind (=

reduction of vulnerability)

Introducing a capacity market giving private firms incentives to

invest in peak capacity (= prevention of disturbance)

Encouraging saving of electricity by raising tariffs of the energy

tax (= reduction of vulnerability)

Completely unbundling networks from supply and generation
or merging of transmission networks with TenneT (= prevention

of disturbance)

Including reliability indicators in tariff regulation(= prevention of

disturbance)

The third and final group consists of measuresgaitng adverse effects of disturbances. This

type of policy is, by definition, highly reactiva nature and may consist of rationing and

various types of socio-economic measures, suclfexdng financial support to sectors facing

strong increases in their energy costs. A few yagos several European countries decreased

the levies on petrol in order to compensate thgatmansport sector for the, then, high oil

prices.
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SELECTION OF POLICY OPTIONS

As the number of conceivable policy options is ¢éarg selection had to be made. In close co-
operation with the Ministry of Economic Affairs atfie research institute CE, we defined a
shopping list of options that could be useful (a8ppendix 3). We selected a set of options
covering a broad range of opportunities to dedhwie security of energy supply (see table
1.1). The key criterion for the selection is metblodjical: in order to develop and demonstrate
a framework of cost-benefit analysis we need teehdifferent types of policy measures
directed at different kinds of risks on energy nedsk A caveat of this research is, therefore,
that it does not answer the question which poligtjam is the most efficient. In order to answer
that question, far more research should be condubtereover, we only look into the effects of
a policy option given a defined design. This implikat we do not search for the optimal design
of a policy option, although we do compare the egognces of some alternative designs.

The options chosen vary from government investmiarssrategic oil stocks to financial
incentives for consumers to reduce their consumpifeelectricity. For each market, we
analyse a policy measure directed at preventinigtarbance and a measure directed at
reducing the vulnerability of the economy. In agldit the set of options comprises several
types of governmental action, including subsidiasation, government investments, regulation
and voluntary agreements with other parties inv\Moreover, the selection includes
measures meant to address risks on all three ragygy markets — oil, natural gas, and
electricity. As a consequence, the cost-benefilyaisof this set of policy options will give a
great deal of insight into the costs and benefifsoticies to cope with security of supply. In
addition, the broad scope of the options to beyzedl enables us to assess the capabilities of

our framework as a tool for cost-benefit analysis.

It will be clear that some policy measures may albfibe primarily aimed at other goals, in
particular environmental goals, but can also besbeial to security of supply. Policies aimed
at reducing the demand for energy, for instanaep#ten initiated as climate policy measures,
but they also reduce the dependence on fossil.fRel&cy options to be analysed here are
obviously treated as policies aimed at securityuply. Therefore, effects on goals of other
policies are treated as side-effects of the pajtyons. In the case of environmental effects,
which will often be the type of side-effects we euter, we will treat them as (avoided)

external costs.
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ENERGY POLICIES AND RISKS ON ENERGY MARKETS: INTRODUCTION

Structure of the report

Chapter 2 describes the theoretical framework efctist benefit analysis. The cost-benefit
analysis is conducted at the level of separate esrkamely the oil market (chapter 3), the
natural gas market (chapter 4), the electricitykmafchapter 5), and the electricity networks
(chapter 6). Each chapter follows the same straafianalysis.

According to that structure, the analysis begingxploring current and future risks. Which
disturbances on the various markets can be expested could be the magnitude of those
disturbances and which probability should be aited to those risks? This part in each chapter
ends by defining specific crises on the separat&eta

The next step consists of analysing the opporesior government intervention. National and
supra-national governments have formulated politieope with these risks. After giving a
concise overview of the whole range of measurés séction ends by defining specific policy
measures which could be directed towards the cdsésed earlier.

The final step is the determination of the costs laenefits of the defined policy measures.
What would be the economic consequences of theeatfirises if no additional policy
measures were taken? And: what would be the corgeaqs if these policy measures were

taken?

Chapter 7 summarises the main results, mentioaw &dveats of the research and describes the

key conclusions.
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2.1

2.2

INTRODUCTION

Framework of cost-benefit analysis
Introduction

This chapter describes the framework for a cosefieanalysis of security of energy supply.
This framework is primarily based on the generairfework for executing a cost benefit
analysis of infrastructure projects (section 2thce policies directed at security of energy
supply differ in several aspects from infrastruetprojects, we adjusted that general
framework. A major difference is that policies died at supply security refer to uncertain
future events. As a consequence, expected effigiehpolicies depends on the expected
probability of those events. As probabilities ofute shocks within energy markets are nearly
impossible to determine, we choose to compute begak frequencies (section 2.3).

We use long-term scenarios as background for thlysie (section 2.4). Those scenarios refer
to both the international and the national econceumg, to the international energy markets. The
probability of certain disturbances and specifiiqyomeasures depend on developments in
other parts of the economy. Therefore, the poligiyoms mentioned in chapter 1 will be

analysed against different scenarios.

In order to quantify the effects of the measuresdisturbances, we use several models (section
2.5). The direct effects are mainly assessed hpwsmodels of energy markets. A
macroeconomic model is used to assess indireatteffehile external effects are quantified by

using shadow prices of non-market effects sucthasges in emissions to the environment.

This chapter ends with section 2.6 offering an vy of the steps by which the framework
can be applied in specific cases. These stepstfurstructure of the following chapters in
which the cost and benefits of the above-mentiqg@idy options will be presented.

General framework: uncertainty and market failu  re

Eijgenraam et al. (2000) developed a frameworlcist benefit analysis of infrastructure
projects. We use this framework, adjusting it te plurpose of our analysis. The framework is
well suited for the analysis of market failure itasffers the calculation of direct effects,

indirect effects, external effects, and distriboteffect. The framework needs, however, an
adaptation to cope with uncertainty, the other &eynent mentioned in chapter 1. Suppose we
were to assess the viability of a policy optiont tvauld lower the economic damage of an
(long-lasting) oil crisis, e.g. the formation ofagegic oil stocks. How would we evaluate such a

measure?
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Costs and benefits of a project (or policy) areggelty assessed by comparing a world with the
project (or policy) to a world without it (the naeect alternative). The difference between
these alternatives is analysed against the backdrofione or several economic scenarios or
base-lines. In the case of supply security, thisldimot be a useful approach, since most types
of supply interruptions have a low probabiftt.onsider again the example of oil stock
formation. Such a policy option would be very vafflan oil crisis occurred, and totally
unviable if it did not. A single base-line for camalysis would focus on a situation where no
interruptions occur and policy would almost by défon be uneconomic. Therefore, we use
several scenarios as a set of base-lines. Figlirgraphically depicts the adjusted framework.

Figure 2.1 Framework of a cost-benefit analysis of policy measures aiming at security of energy supply
|
Formulation of long- Definition of risks on
term scenarios energy markets
1 Def":)mggr?sf policy 2 Formulation of
p baseline scenarios
3 Analysis of effects 5 Analysis of external

on energy markets —>{ Business analysis [«—| €ffects, incl.

environment and
safety

|
|
|
|
|
|
|
|
|
|
i
|
|
7

l

Partial cost-benefit
analysis

| 6 Analysis of effects
(including distribution
effects) not expressed

effects

4 Analysis of indirect

General cost-benefit [<--- in financial terms

analysis: break-even
frequency per policy
option and scenario

- - -

Decision

The first step is the definition of project altetimas and the no-project alternative (box 1).
Before analysing these alternatives, base-liness@es) based on long-term economic scenarios
and predefined risk, are established (box 2). Aféeds, the cost benefit analysis can begin. In
theory, it consist of an analysis of energy masdfédcts (box 3), calculation of indirect effects
using a macroeconomic analysis (box 4), calculatioexternal effects (box 5), and the
determination of distribution effects (box 6). Thaffects together constitute the entire costs
and benefits of the project alternative compareithéono-project alternative. These results can
form an input in the decision-making process.

! Small scale electricity outages are an exception here.
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GENERAL FRAMEWORK: UNCERTAINTY AND MARKET FAILURE

The distinction between direct and indirect effeetguires some attention. Direct effects are
defined as those effects following directly frone fholicy measure. More specifically, we
define direct effects as the effects of a policyamee in the specific energy market it is
directed towards. These effects may expand to atiaekets. Consider a price increase in the
electricity market. The increase affects the redafirice of production factors, changing the
cost price of all products for which electricityused in the production process, as well as the
use of other production factors. This may in tuifed relative prices of both consumer goods
and the other production factors and so on. Sontieeciindirect effects are merely
redistributions of welfare, or transferred direffeets.

Indirect effects may be actual welfare effects a$i,for two reasons (Eijgenraam et al., 2000).
First, distribution effects may cross borders, sayusational welfare effects. Second,
distribution effects may stimulate (or hinder) esonic activity in markets that are subject to
market failure. Let us again consider the casdeaafticity prices to illustrate the second point.
If all markets were perfect markets, the demanstieity would reflect all the continued effects
of a price increase, so that the direct effect waxactly equal the effect on the economy as a
whole, i.e. the indirect effect would be zero. Tiniplies that if we observe a non-zero indirect
effect, we may assume the presence of a markatédil

Definition of direct and indirect effects:

Direct effects are the effects of a policy measure in the specific energy market it is directed at.
Indirect effects are effects that do not relate directly to a policy measure, but follow from its direct effects.

We calculate indirect effects in this report us@igB’s general equilibrium model Athena.
Athena predicts the effect of a policy measure se@urity of supply crisis for the national
economy as a whole. The difference between thédéitct and the direct effect then
constitutes the indirect effect, which may be eithesitive or negative.

Disruptions of energy supply come at low frequesi@rd high costs. This implies that, in order
to assess the effects of policies aimed at diftetygres of energy crises, we need to build
scenarios around a fairly large number of possitikes, each of which has a small but
unknown probability. The uncertainty obstructs plessibility of computing probabilistic

outcomes.

2 The entire line of reason holds for government failure as well.
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ENERGY POLICIES AND RISKS ON ENERGY MARKETS: FRAMEWORK OF COST-BENEFIT ANALYSIS

As an alternative, we compute ‘if-then’ outcomeke3e outcomes are then used to compute
‘break-even frequencies’, the (decrease in a) érpdeequency of a certain scenario at which
net benefits are exactly zero. In the examplerategjic oils stocks: the break-even frequency is
the frequency of an oil market crisis at which tlsts of maintaining stocks equal the costs of
the damage prevented in case of such a crisiso8&t8 deals with the mathematics of
calculating this frequency.

Another adaptation of the general framework thattbabe implemented refers to the definition
of the no-project-alternative. This term seemsply that the government does not act at all.
In a cost benefit analysis, an implicit other actéxists, being that the money is spent on some
other project (or goods, or transfer). This asfgebrought into the cost benefit analysis through
the real interest rate, reflecting a time prefeeemic the special case we are dealing with here,
this may not be sufficient. The ‘no-project-altaim@’ does imply a passive government in
terms of structural policies aimed at preventiriges or trying to diminish the economy’s
vulnerability to them. Let us return to the examplentioned before. If an oil crisis occurs and
no strategic stocks are available (the no-projéetizative), government will still have the
option to reduce the damage on an ad-hoc basigdtance through issuing petrol coupons or
by granting tax cuts to the transport sector. Wédtake reactive policies into account if it is
reasonably possible to define them and quantify gféects. They would then be attached to
those base-line scenarios that include a crisésnargy supply. In the analyses conducted in this
report, we ignore reactive policies, focusing oasts@nd benefits of specific policy measures.

2.3 Computation of break-even frequencies

As mentioned above, the outcomes of our analydigatde the form of break-even frequencies:
an expected frequency of a crisis at which a padigtyon breaks even. Reactive policies are
considered as the ‘no-policy-option’, so we dometd to compute a break-even frequency.
After all, reactive policies are only deployed aftecrisis occurs, so that the frequency is no
longer uncertain.

Definition of break-even frequency:

The break-even frequency is defined as the frequency of occurrence of a predefined crisis at which the present value of

the costs of the policy option exactly equal the present value of its benefits.
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COMPUTATION OF BREAK-EVEN FREQUENCIES

Consider a policy option with costat time period, so that, with a discount ratethe present
value of policy costs over time sp@rare defined as below:

- G
C =
Y é(m)t

Benefits may be measured as a fractional decréagyen(damage caused by crisjccurring
at time period (d;), occurring with an expected frequencyPpf

T b; (d;
B, = P 1,t¥0Lt
It tgl it (l+r)t

Parameteb;, reflects whether the policy option prevents thsigrltogetherl; =1), or only
mollifies its effects (0k;<1). The expected frequency of a crisis revealsifeymation on the
timing of its occurrence. As we have no informatamtiming, our best guess would be that the
occurrence in any year is as likely as in any olear. This is equivalent to a crisis in the
median year of the period under consideration t&€/2). An earlier (later) crisis increases
(decreases) the benefits of the policy option, eeing the policy option more (less) attractive.
We simplify equation (2.2) to:

b, d;
B =Th _(1+Ir)+/2

Implicitly assuming that occurrence of crises strilbuted uniformly over the period of
analysis. To compute the break-even frequencypafliay aimed at crisig we equate costs and
benefits and reshuffle to find a frequency:

.
Ct bj dj
P = T
| é(l"'r)t/(l"'r)TIZ

Let us return again to the example of strategistoitks presented earlier. Suppose that our

analysis reveals that the present value of theftiemd such a policy would be 50 billion euro

if such a crisis were to occur and zero othervisgthermore, suppose we find that the present
value of the average annual costs of the policioomount to 500 million euro, irrespective
of the occurrence of an oil crisis. These outcoimgsy that the policy option is economically
viable if the expected frequency of a long-lastiigcrisis exceeds once every 100 years. In
other words, the break-even frequency for this liygiical policy option with respect to a long-

lasting oil crisis is once every century.
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ENERGY POLICIES AND RISKS ON ENERGY MARKETS: FRAMEWORK OF COST-BENEFIT ANALYSIS

In some cases, the time span in which a policyooptiill generate benefits is clearly defined.
Consider for instance the case of a cap on theifgen field, postponing the end of the

lifetime of the swing function of the field from 20 to 2023. Such a policy will only have an
effect if a crisis occurs between 2019 and 2028rigis occurring before 2019 will be absorbed
anyway, whereas the policy option will not helpiagha crisis occurring after 2023. For a case
such as this, we may adjust the break-even frequaypenultiplying both sides of the equation
(2.3) byT’, the number of years that the policy will have effe

T < Ct b, d;
PT=— 2.5
I T tZ:;‘(lﬂ)t /(1+r)T/2 25

The equation now reflects the adjusted break-ersgyuéncy, expressing how often in the pre-
defined time period a crisis will have to occuetpual costs and benefits of the policy option.

Definition of adjusted break-even frequency:

The adjusted break-even frequency is defined as the number of occurrences of a pre-defined crisis within a pre-defined

time period at which the present value of the costs of the policy option exactly equal its benefits.

Both the break-even frequency and its adjustedteopart will ceteris paribuse higher if the
costs of the project are higher. This implies thablicy with high cost ‘needs’ a higher
expected frequency to be viable. If on the oth&dithe damage of a crisis {ds larger, a
lower break-even frequency suffices to make thgeptwiable. Likewise, if a policy foregoes a
larger fraction of the damage caused by a crisidd; is large), a smaller expected frequency
is sufficient for the policy to be economically bie.

Obviously, break-even frequencies will have to befonted with expectations on the
frequencies of possible crises. Although a solicherical outcome is beyond reasonable
expectations, the assessment of risks within earkehwill give some insight into the
probability of incidence. One should keep in mirdenthat non-linearity’s may exist. The
effect of an event of twice the extent of anothexrg may be more than twice as severe and,

therefore, justify more than twice as much costgrevent it.
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2.4 Linking long-term scenarios, risks on energy ma rkets and policy options

The definition of the base-line scenarios (box Eigure 2.1) is based on the long-term
scenarios and the assessment of risks. The longgeenarios consist of conceivable time-
paths of energy markets and the macro-economyeifotig-term without paying attention to
shocks in demand or supply.

Long-term scenarios of energy markets

Which factors will determine the future development of energy consumption, production and prices? In order to answer
questions as these, CPB and RIVM developed four long-term scenarios for the international energy markets (Bollen et
al. 2004). Three leading issues determine our thinking about energy in the future: a) economic growth, b) environmental
policies and c) security of supply. The scenarios explore the possible developments in these key driving forces behind

energy markets.

The scenarios are called ‘Strong Europe’, ‘Transatlantic Market’, ‘Regional Communities’ and ‘Global Economy’. The
first and the last one show a globalised world while regional fragmentation is characteristic of the other two scenarios.
Environment and equity are major issues in ‘Strong Europe’ and ‘Regional Communities’ while in ‘Transatlantic Market’

and ‘Global Economy’ government policies are primarily directed at improving economic efficiency.

The scenarios can be linked to long-term scenarios developed by IPCC SRES. Strong Europe fits in the B1-scenario of
IPCC, Regional Communities in the B2-scenario and ‘Global Economy’ in the Al-scenario. Close relationships also exist
with scenarios developed by other international institutions. The scenarios differ, however, in regional detail and time

horizon. We focus on Europe and end in 2040.

One of the key conclusions of this scenario study is that, in the long term, resource scarcity will probably not have a
major influence on energy markets. Although reserves of conventional oil in all regions, including the Middle East could
near their depletion before 2040, in particular in a scenario with a high economic growth, the global supply of oil will
likely be secured by non-conventional sources. In addition, a structural increase of the price of oil is not highly probable
due to demand responses which would be induced by such an increase. As a consequence, we expect that the price of
ail (in real terms) will remain fairly flat. This conclusion holds to a greater extent for the natural gas market, as global
resources are abundant here.

Therefore, we believe that the security of energy supply will hardly be threatened by the risk of depletion of fossil energy
carriers in the next decades.

A major source of risk to European energy markets could be the growing dependency on non-European suppliers.
Europe will become more and more dependent on foreign (in particular Russian and Middle Eastern) sources of natural
gas. In all scenarios, the dependency on imports grows to at least 70%. Consequently, the natural gas market could

become more vulnerable to geo-political developments.

The box ‘Long-term scenarios of energy markets’ mamises the major characteristics of these
scenarios. By adding shocks to these scenariagss sgenarios emerge. Crises on energy
markets result from accumulations of events. Thubdability of a particular event depends on
developments within other aspects of society. heotords, the probability of a future event
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and, hence, a future crisis depends on the chaisitte of a scenario. As a consequence, in
each scenario a specific crisis is more conceiviliale other crises. The same holds true for a

specific policy measure.

Figure 2.2 Scenarios and risks

International

cooperation

Strong Europe Global Economy

Private

responsibilities

Public

responsibilities

Geo-
Transatlantic Market political

risks

Regional Communities

National

sovereignit
- ~ / onity\_ - J
Risk of governmental failure: Risk of market failure: insufficient
too much involvement of governments investments in (super) peak capacity

In Strong Europe and Regional Communities, govemsare inclined to be heavily involved
in markets. As a consequence, risks in these dosrare mainly unrelated to market
disturbances, but to too much government involver(eee figure 2.2). In the other two
scenarios, investments in (super) peak capacitidmiless than the socially optimal level.
The scenarios in which international co-operat®nadt well developed (Regional Communities
and Transatlantic Market), energy markets haveagively high chance of disturbances due to

geo-political events.

Table 2.1 gives an overview of the relationshipugetn scenarios and risks on the one hand,
and policy measures on the other. In Transatl&néicket, collusion among producers of

natural gas and oil is a serious threat to the Bvestconomies. In Global Economy, where
decisions by market parties are dominant, markketrés regarding investments in peak

capacity (electricity) and flexibility (gas) areryeconceivable. In Regional Communities, the
internal electricity market bears a high risk openfect competition. In order to cope with that
risk, the national governments would prefer raigngrgy taxes as that measure also generates
environmental benefits. Raising taxes on energyldvba aimed at decreasing the vulnerability
to shocks rather than preventing those shocks.
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Table 2.1 Linking risks on energy markets , scenarios and policy options

Links on energy markets Strong Europe Transatlantic Market Regional Global Economy
Communities

Oil market:

Temporary disruption within  Investing by governments

supply in strategic oil stocks
Effective cartel behaviour of Subsidising use of
oil producers biofuels in the

transport and
chemical sectors
Natural gas market:

Insufficient flexibility of the Extending the

gas system to meet lifetime of the

extreme shocks in demand Groningen-field as
a swing supplier

Effective cartel behaviour of Reducing

gas producers dependency on gas

by encouraging

substitution within

power sector
Electricity market:

Insufficient production Introducing a
capacity to meet super capacity market
peak demand giving private firms

incentives to invest
in super peak

capacity
Imperfect competition Encouraging
resulting in high prices of electricity saving
electricity by raising tariffs of

the energy tax
Electricity network:

Abuse of local or regional Completely unbundling

market power due to lack of networks from supply and

independence of networks  generation or merging
with TenneT (= prevention
of disturbance)

Technical failures of Including reliability
networks indicators in tariff
regulation
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A temporary disruption within production or transjpaf oil could happen in any scenario, but
only in Strong Europe an internationally coordingplicy regarding strategic oil stocks is
highly probable. Technical failures within the powetwork could occur in any scenario, but
the scenarios differ in the kind of policy measumbéch are most probable. In a scenario such
as Regional Communities, governments would pref@egiment regulation, for instance, by
imposing reliability standards, while in a scenamimh as Transatlantic Market, market-based
solutions, such as a price quality regulation syst®ould be chosen. The danger of execution
of market power due to independence of networkarggest in a scenario with relatively weak

competition policies, such as Strong Europe.

Quantification of direct, indirect, external an d distribution effects

All the numbered items in figure 2.2 depict quantiite inputs for the cost-benefit analysis. Our

next question is how these inputs can be achieved?

The direct energy effects (box 3 in figure 2.1)wadl as the external effects (box 5), follow
from the models of the various energy markets. @dye‘Models’ offers a concise overview of
these models. The outcomes of these models amedsfi terms of energy prices and volumes.

Figure 2.2 suggests two possibilities for finalawmhes: break-even frequencies may either be
computed from the partial or the general cost eanélysis. Behind these two possibilities
lies a split in approaches, based on the econanpadt of the type of crisis a policy is aimed
at.

Models used in the cost-benefit analysis

The models which are used in the project consist of two groups, energy market models and macroeconomic models.

Energy market models are used to assess direct effect of disturbances within energy supply on energy demand and

prices. We use separate models for analysing the global oil market, the European natural gas market, and the European

electricity market. The third is described briefly in Appendix 4. Each of these models is a partial-equilibrium oligopoly

model of the market at stake.

The indirect, macroeconomic consequences of these changes in prices are analysed using Athena, a dynamic multi-

sector model for the Dutch economy. The model describes, besides the important institutional sectors, 20 branches of

industry. The production structure of the branches is characterised by nested CES functions which allows for price

substitution between different material and primary production factors. Firms maximise profits and charge a mark-up

over marginal costs and the model allows for entry and exit of firms. The model explicitly distinguishes between the

short-term cost function and the long-term cost function by using shadow costs for the fixed factors. Athena assumes

monopolistic competition on all product markets and contrasts, in this respect, with other related models.
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2.6

DISCOUNTING AND THE APPRAISAL OF RISK

Many energy delivery interruptions, mainly thosehaa technical cause, happen on a fairly
small regional scale and last a short time. A 3Autd blackout in a city of 300.000 people
obviously requires a different approach than a togtof the oil price for a full year. The
effects of small interruptions (and, therefore, éfffiects of policies aimed at preventing them or
mitigating their impact) may be quantified directhyough case studies of similar events,
whereas larger crises require a more structuraiagh. In other words, the indirect effects of
these small interruptions can be ignored. The daotds for large physical disruptions (such as
the power shortages in North America and in Italyhie summer of 2003) as such events

usually take very short periods (such as one ordayc).

If the economic effects are likely to be larger, iftstance, because feedback mechanisms in the
economy play a role, we use ATHENA, a general dgpiiim model of the Dutch economy, to
compute indirect effects on the economy (box 4garke 2.1). We measure the total effect on

the economy by Net National Income as this quactiyprises effects on domestic value

added as well as balance of trade effects. Atheatso helpful in assessing distribution effects,
for instance, between companies and householdgglaas between economic sectors (see box
6 in figure 2.1). The possible existence of disttibn effects may imply that some benefit more

from supply security policy than others.

Discounting and the appraisal of risk

Comparing costs and benefits at different pointsnire requires discounting. Given that money
has a time value as well, we need to correct ferdibcrepancy in timing of costs and benefits,
using a discount rate. The discount rate reflecth the time value of money and the valuation

of risks.

A key element in any cost benefit analysis projethe appraisal of uncertainty related to

future costs and benefits of a policy measure ssuncertainty differs among various
measures, every project analysis should involuskeassessment. The result of that assessment
can be used to define the so called ‘risk premiumdliscounting future costs and benefits.

In the Netherlands, but also in many other cousttige official risk-free rate is determined at
4% (Ministry of Finance, 2003). This rate is theeage rate of return to government bonds
over the past 200 years (Newell et al., 2004). ineernmental commission on risk appraisal
(‘Commissie Risicowaardering’, Ministry of Finan@903) recommends the use of the

following rules of thumb:
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ENERGY POLICIES AND RISKS ON ENERGY MARKETS: FRAMEWORK OF COST-BENEFIT ANALYSIS

Compare the project to a similar project in thevguie sector. If available, use the discount rate
of that project.

If no such project is available, check whether systematic risk is involved in the project. A
systematic risk is the risk which is systematicalbyrelated to the level of national income and,
therefore, not can be eliminated by spreadingrtbksacross the economy. If no systematic
risks are attached to the project, use the risik-dliscount rate.

If the project involves systematic risks, (i.e.uite cash flows associated to the project depend
on uncertain factors, such as economic growth}tatgstablish what risk premium is associated
with the risk and add it to the risk-free discotate.

If it is impossible to establish a risk premiuma@sated with the particular risk, use the central
value of 3% as risk premium. As a result, the distaate amounts to 7%. This percentage is
approximately equal to the real rate of returmigestments in large companies over the period
1926-1990, and is also advised by the US Officklafiagement and Budget for standard cost-
benefit analysis (Newell et al., 2004).

In all projects considered in our analysis, exca®, we use 7% as the discount rate in the base
case. In order to assess the impact of the discatmtall these projects are also analysed using
5% and 10%. The exception is the case of substitwif gas-fired plants. This policy option is
comparable to a private project of investment inggation capacity. In this project, we use the
usual discount rate of private investments in elgtt generating capacity (10%). In all the
other projects, similar private projects do nosexror instance, private oil companies do not
stock oil in other to influence market outcomesh@ligh they do in order to have working
stocks), and private gas firms do not voluntaiiityit current production in order to receive
highly uncertain benefits in the very long runebich of these projects, systematic risks exist.
After all, the benefits of the policies depend aoly on the occurrence of crises, but also on the
magnitude of damage prevented. The larger an ecgrthm larger the damage a disruption on
an energy market could cause, and, hence, the ldmg@otential benefit of a policy option
aiming at preventing that damage.

Summary: the framework in six steps

Summarising the above framework, six steps emerge:

Definition of a crisis on a energy market

The first step consists of defining conceivable prabable disruptions on the energy market.
As probability distributions are not available imsh cases, these disruptions should be defined

in terms of crisis scenarios. The major attribatethe definition are magnitude and duration of
the disruption.
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SUMMARY: THE FRAMEWORK IN SIX STEPS

Definition of a policy measure
In the next step, the appropriate policy measussttde defined. The design of the measure is
its major characteristic.

Calculation of costs of the measure in a disturbgnee scenario

By definition, security of supply measures incustsono matter whether a disturbance occurs or
not. These costs, therefore, can be assessed tapaifmseline scenario, which is a
disturbance-free scenario. The costs have to bieglisshed in direct costs, indirect costs, and
external costs. Besides this, the distributiorhef¢osts has to be assessed.

Calculation of benefits of the measure in a csisnario

The benefits of a security of supply measure depenithe occurrence of a disturbance on an
energy market. Therefore, these benefits can anlgppraised against the occurrence of such
disruption. The benefits of a measure follow fromeduction of the costs incurred by the
disruption. Just as the costs, the benefits habe wistinguished in direct benefits, indirect
benefits and external benefits. In addition, disttion effects should be determined.

Calculation of the break-even-frequency and commgaitiwith evidence on risks

Both costs and benefits should be discounted, ubmgppropriate rate of discount, and
expressed in average annual values. If the disedurgnefit of a crisis is divided by the
discounted average annual costs, the break-evgudiney appears. This frequency says in how
many years the defined disturbance should ocdemaat once to make the policy measure

economically viable.

Sensitivity analysis

In order to assess the vulnerability of the resufitstep 5 to assumptions made, a sensitivity
analysis has to be conducted. In this final steptscand benefits should be calculated using
different values for key assumptions or a diffedeny-term scenario as a background for the

analysis.
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3.1

3.2

3.2.1

INTRODUCTION

Oil market
Introduction

Oil is still the most important primary energy sceiion a global scale, although its share in total
consumption has declined. Transport and chemicalgsses are activities that are highly
dependent on availability and price of crude ails Inot surprising then that the several supply
disruptions and the accompanying price increaseaglthe last five decades received due
attention. Governments implemented several kindseofirity of supply measures, both on
national and on international level.

This chapter assesses the welfare effects of tpestyf policy measures directed at risks on the
oil market. This assessment commences with a cmacialysis of disruptive events that
occurred in the past and that could occur on theaiket in the future. Next, policy options of
governments to cope with these risks are expldredn we arrive at the core of this chapter:

the cost-benefit analysis of two policy optionstaiidy the expansion of strategic oil stocks and
the subsidisation of the use of biomass in trarisppat chemical sector. The chapter ends with a

sensitivity analysis and the formulation of the dosions.
Analysis of risks

Historical evidence on risks

During the second half of the last century, theldvoil market showed several supply
disruptions. The various disruptions, together whiir duration and extent of the loss, are
represented in table 3.1. “Gross loss” is the vaurhoil that was being produced in the

disrupted countries and that was no longer avaifabl

In the last half of the former century, more th@nsgrious disruptions on the oil market
occurred (see table 3.1). These disruptions weneapity caused by political events in the
Middle East. The duration of the disruptions vatedween 2 months (the Six-day War
between Israel and the Arabic countries in 196d@)the OPEC Action Ryadh Pact which
reduced the supply of oil for approximately onery&e magnitude of the disruptions varied
between 0.6 million barrels a day (Nationalisatibmwil firms in Algeria in 1971) and 4.6
million barrels a day (the first Gulf crisis in 199

*To improve the estimation of impacts of an oil supply disruption, one should take account of additional production by
countries not affected by the disruption. In these countries, production would increase because of a higher oil price. This
effect appears, however, only in the long-term, as the short-term price elasticity of oil production is very small.
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Table 3.1 Crises in the oil market since 1950
Event Period  Duration Gross loss of  Total gross loss of
in months supply (million supply (million
barrels a day) barrels)
Nationalisation of oil industry in Iran (1) 1951-1954 44 0.7 940
Suez crises (2) 1956-1957 4 2.0 245
Syrian Transit Dispute (3) 1966-1967 3 0.7 65
Six Day War between Israel and Arabic countries (4) 1967 2 2.0 120
Libyan price dispute; Tapline damage (5) 1970-1971 9 1,3 360
Nationalisation of oil industry in Algeria (6) 1971 5 0.6 90
OPEC oil embargo on USA and the Netherlands (7) 1973-1974 6 6.0 475 (756)
Iranian Revolution (8) 1978-1979 6 6.0 640 (1008)
Iran-Iraq war (9) 1980 3 3.0 300 (360)
Gulf war (10) 1990 3 3.0 420 (378)
OPEC action Ryadh Pact (11) 1999-2000 12 12.0 >1000

Source: Horsnell (2000) (IEA figures between brackets).

The price impact varied significantly from one distion to the other (see figure 3.1). During

the 50's and 60’s of the last century the impact wegligible, due to the organisational
structure of the oil market. “Before 1973, the ligtegrated oil companies (and a few smaller
ones) took care of the supply of oil and allocatepplies with their own systems, redirecting
tankers and balancing each other’s shortages argbsas in crude and fuels. Prices were given,
by and large.” (Correlje, 2003).

Between 1973 and the mid-80’s, the influence dfudizances on the oil price increased
considerably. In the first oil crisis, in 1973-197Hde price of oil surged by approximately
400%. Since then, the oil price has never retutadde pre-1973 level. On the contrary, the
price stayed at the new level during that wholeadecalthough the event (the OPEC embargo
on the USA and the Netherlands) that initially edishe price disappeared. The characteristics
of the oil market had altered deeply, with thetbof a powerful oil cartel as the key

component.

The second oil crisis, in 1978-1979, raised the@ode even further, by approximately 250%.
Although the oil price stayed at that high leveal $everal years, it was not sustainable, because
it stimulated production by non-OPEC producersthenone hand, and energy saving by oil
consumers on the other. Consequently, the cooparathong OPEC members was challenged,
ultimately leading to a collapse of both the effigaf the cartel and the price of oil. In 1985,

the oil price reached a level which would beconeeaterage level for the next years.
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Figure 3.1 Qil prices, 1950 - 1999 (Brent, average annual values in US-dollars per barrel)
90 1~
80 A
70 A
60 -

50 A

Us-$

40 -

30 A

20 A

10 A

0 LENN N B B B B B N D B B B B I N B N B BN B N B SO B D B B S B N B B BN BN B B B BN B B N B BN B B B |

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
——$ money of the day ---$ 2002

Note: the numbers refer to the crises mentioned in table 3.1; source: BP, Statistical Review of World Energy, 2003.

Since that time, the effect of disturbances orpitiee of oil has been less strong. This is partly
due to the reduced oil-intensity of the industsetl economies. The high oil prices during the
70’s and the first part of the 80’s induced manyestments in energy saving; moreover, the
economies moved away from energy-intensive to grextensive activities. As a result, the
current use of oil per unit of product in the inttisgdised countries is approximately no more
than 60% of its level in the 70’s (OECD, 1999). Bes these changes within the economy, the
development of spot and future markets have enldatheeflexibility of market players to
respond to (expected) disturbances and, hencerbedueed the vulnerability of economies to
oil price peaks.

Albeit disturbances in supply affect prices lesmthefore, volatility of the price of oil is still
large and even growing (see figure 3.2). This vithats partly due to the relatively high
utilisation of production capacity, the relativédyv sizes of storages, and the increased
cohesion within OPE¢As a result, growth in demand is hardly met bypsyipesponses. The
price fall in 1998, though, was caused by produckavels far above demand due to an
unexpected and strong decline in the world economy.

4 See e.g. Pindyck (2001), who analyses relationships among volatility of commodity prices, levels of production and levels
of inventories.
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Figure 3.2
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Assessment of future risks

The experiences up to now show that the oil maskkighly vulnerable to disruptions. The
factors causing these disturbances could be digshgd in (geo) political events, institutional
developments within the oil market, economic fastand technical characteristics.

To start with the last factor, some authors exgeattthe danger of depletion of oil fields is
looming. Campbell (2000), Laherrere (2003) and han(1995) for instance, expect oil output
to peak during the first decade of thé'2&ntury with a rapid decline thereafter. Howeeis
view is hotly debated. “The fact (...) that prediatsdfor the peak of world oil production have
always been some 10 years (on average) ahead oditent year gives ground for optimism
that depletion issue is not a problem on the supiply in the near term and medium term. Oil
supply constraints are more likely to arise frooklaf investments than a lack of
opportunities.” (OIES, 2003).

Over the past twenty years, proven reserves ofertional oil have increased globally. Current
world-wide conventional reserves would last for enthran 34 years if production remains at
present levels. Besides these reserves, geolbgese that the earth’s crust contains large
guantities of undiscovered resources. Moreovepaiticular in Canada and Venezuela, there
are large amounts of non-conventional oil: the rwwf oil sands in Canada amounts to almost
310 billion barrels, the volume of heavy-oil antlinien in Venezuela amounts to 270 billion
barrels (IEA, 2002b).
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We conclude, therefore, that the technical charistites of the oil fields bear no serious risk to
the oil market in the short and medium term (see #ie box ‘Long-term scenarios of energy
markets’ in section 2.4).

Economic factors, however, generate significatsrie the oil market as the production of oll
is a function of investments made in the past.ffigent investments in production or refinery
capacity raise the risk of higher prices in theufat “A careful analysis of the market conditions
that prevailed in the few years preceding the 18¥8k shows that the rate of investment in
capacity in the late 1960s, early 1970s, althowggly high, was nevertheless insufficient
relatively to the growth in world oil demand.” (C8E2003)

The spare production capacity is just one of tlitecat factors that determine prices in the
world oil market. Higher capacity utilisation indies a tighter balance between supply and
demand and exerts an upward pressure on oil pri¢és.holds not only for the crude oll
market, but also for the market of refined produdisrid refinery utilisation rates increased
significantly after 1980 from a little more than%0n 1980 to more than 85% in 2001. In the
United States and Europe, utilisation rates in@eas 90% in that period. The current high
utilisation rates can lead to supply problems isecaf an unintended shutdown of some of the
refining capacity or tighter product quality spézitions?

In the future, the supply of oil could be constesirdue to restrictions on investments. These
restrictions would primarily follow from politicavents. Currently, investments within the oil
sector are hindered in several South AmericancAfriand Middle Eastern countries the
medium term, this could lead to a production cayaghich is unable to meet growth in

demand.

The institutional structure of the oil market haeb extremely important for the development
of the oil price in the last decades. During ttst thirty years, the oil-producing countries
organised in OPEC have tried to influence pricesvitltholding oil from the market. The track
record of OPEC shows some successes, albeit thatatiel has been less successful than is
often thought. “The two major successes attribtwe@PEC — the price rises in 1973 and 1979

® For example in 2001, environmental requirements in the US caused an increase in the demand for ‘clean’ gasoline. Local
refiners could not deal with this demand so this gasoline had to be imported from Europe. As Europe itself had capacity
problems, this extra demand led to an increase in product prices in Europe.

® The National Oil Company’s (NOCs) in the Middle East region for instance, created after nationalisation of the oil sector in
the early-1970s, need strategic consolidation (Van de Linde, 2000). In order to attract foreign capital, a part of the privileges
that are now in the hands of the NOCs should be shared with the international oil companies. The relation between the
institutional and political setting on the one hand and investments in the oil sector on the other can be illustrated by the case
of British Petroleum (BP). In 1997, BP lost the money it had put in a 10% stake in Sidanco, a Siberian oil company, in an
allegedly rigged bankruptcy procedure. However, recently BP returned to Russia and decided to invest again in the Russian
oil sector. With political and institutional reforms in the countries involved, those restrictions will probably be lifted in the
future and the effect in the longer term is negligible.
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— had more to do with the market conditions préwgiat these precise moments than to an
OPEC show of strength. (...) The truth, howeverh#& ho merits are attached to a cartel when
a price rise is the outcome of excess demand. (he)QPEC golden age was neither in 1973
nor in 1979 but in 1974-8 when the oil price waklf@most constant at a time of emerging
surplus supplies; and in 1982-5 when a catastrdiplim prices due to a huge supply surplus
was moderated into a slow, gradual decline. (...)I&og periods of its chequered history,
OPEC failed to prevent falls in the real price tf most notably between 1960 and 1967, and
between 1987 and 1997. Yet, it managed recensifbthe market subjective view of the
‘comfortable’ price level from 18 dollar per bartel25 dollar per barrel.” (OIES, 2003).

Looking into the near future, we can expect thaEORvill continue to strive to control the
market. The capabilities of OPEC to do so depeidarily on its market share. This share will
rise due to depletion of the fields in other regidm our long-term scenar®LOBALECONOMY,
reserves in the Middle East will reach their botttywever, at the end of the period due to the
high production in the years before. As a resh#, market share of the Middle East region in
GLoBALEcoNomyin 2040 will be lower than iffransatlantic Marke{see Figure 3.3). In the
second part of the scenario perioddimbal Economynon-conventional fields will become a
major source of oil in this scenario, as investraavitl be more and more directed at the
development of production from tar sand fields atiter non-conventional fields in Canada,
Venezuela and Russia. This development is enhamcéethnological improvements
decreasing the costs of production at these fefghsficantly. In 2040, production of this kind
of oil will reach a level of 35 million barrels pday inGlobal EconomyIn the other scenarios,
production of non-conventional oil will increasevasll, but at a much lower pace.

The efficacy of OPEC policy depends, as historydias shown, on market circumstances. If
the market is tight, OPEC could ‘sail with the wiaehd steer prices onto a higher path. If, on
the contrary, total supply is abundant, OPEC wdryldo prevent a falling oil price or to
reverse a fall as soon as possible. Therefore ameanclude that the institutional organisation
of the oil market still bears a risk in regard he price of oil.

Geo-political factors, finally, could result in sleh and strong disruptions in the supply of oil
in the short and medium term. In his analysis sigito the oil market, the Oxford Institute for
Energy Studies (OIES, 2003) states that we mugidenthree major geo-political causes of
oil supply disruptions: the Arab-Israel conflidietUS-Iraq conflict and the threats to the
stability of political regimes in countries as SaAdabia, Kuwait and Iran.
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Figure 3.3
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On the basis of that analysis, this institute feessthree types of politically induced
disturbances on the oil market:

Terrorist attack on oil installations (oil fieldsipelines, processing plants, terminals, or
refinery) or to oil shipping. Oil tankers generailow fixed maritime routes passing through
narrow channels, e.g. the Strait of Hormuz (thespgs between Iran and Oman connecting the
Persian Gulf and the Indian Ocean) and the Bospurhish theoretically could be blocked
temporarily by terrorist attacks or by political aseires from the adjacent countries. Pipelines
often pass through more than one country. Likewigetransport by pipeline could be hindered
by political measures.

A significant increase in the Islamist and natigpalitical influence in an oil-exporting country,
leading to growing militancy in oil policy and deteation of circumstances (Western) oll

firms have to operate in, and, hence, to a sudidgresdrop in production or in a decline over a
period of time.

A change of the political regime through a militagup or a popular revolution that brings
Islamists or radical nationalists to power. Sucargje could be the result of the currently social
divide and lack of democratic representation inGugf countries. With populations and
unemployment increasing and with incomes fallinqiynavant social refor This call to

reform will even be stronger in situations with loW prices.

"The Economist, Time travellers: A survey of the Gulf, March 23 2002.
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Definition of potential crisis

The previous section gave a concise listing of earable disruptions in the oil market. The
major risks refer to geo-political events in thedillie East region and to market behaviour of
the oil-producing countries. Besides these rigksyfficient investment in production,
transportation and refinery capacity could alsa leashortages on the market. Depletion of oil
fields, however, is not a serious risk in the slaod medium term.

In our cost-benefit analysis of the Dutch policyiops, the possible consequences of two
specific types of supply disruptions will be invigated. These potential crises are defined as

follows:

a short-lived but large increase in oil prices lseaof a significant supply disruption which is
the result of political unrest in the Middle Easgion.

cartel behaviour of a group of major oil producesulting in a long-lasting restraint of
production and, hence, higher world oil prices.

Cost-benefit analysis of expanding emergency oi  I-stocks

Definition of a crisis

Political unrest could result in, for instance lediade of the Strait of Hormuz. As a
consequence, a small part of the oil that is daélgsported through the Straight would be
transported by alternative routes. Besides thpeer countries not affected by the
disturbance in the Strait produce some more akder to help offset the loss of oil to the
market. However, as it takes some time to stathapexisting spare capacity, the additional
production of these countries is rather limitedhia short term. The political unrest could also
result in reduced production in the Middle EasiaagProducers in other regions would strive
for enlarging their production, but that would Hardffect global production in the short term.
Concluding, the crisis on the oil market we focassa disruption in the supply of 10 million
barrels a day over a period of 6 months. This gison is caused by political unrest in the
Middle East region.
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Comparable cost-benefit studies

Although cost-benefit studies in the field of security of supply are hardly conducted, welfare effects of investing in
strategic oil stocks have been investigated before, in particular by Leiby et al. (2000a, 2000b, 2002). On request of the
Strategic Petroleum Reserve Office of the U.S. Department of Energy, they assessed the costs and benefits of
expanding the strategic stocks of the United States and in the Asian Pacific region. In addition, they contributed to the
analysis made by the Asia Pacific Energy Research Centre of the costs and benefits of emergency oil stocks in the
APEC region (APERC, 2000).

Costs of stockpiling are based on costs of facilities and oil stored. The former include capital costs to build storage
facilities, operation and management costs and costs of (re)filling and drawing down. Costs of the oil are based on the

difference between the costs of oil purchases and the oil sale revenues over the lifetime of the reserves.

Benefits of stockholding are measured by avoided costs of damage to the economy. These benefits consist of two
components: avoided loss of GDP as the oil price rise less than would have been the case without the release of oil,

and avoided loss of import expenditures due to the lower price of oil.

In our analysis, these costs and benefits are also taken into account. A major difference between the studies of Leiby et
al. (op. cit.) and ours is the way uncertainty is dealt with. These authors use a Monte-Carlo simulation model of the
world oil market including a disruption probability distribution function. As a consequence, they are able to calculate

expected benefits of investing in strategic oil stocks.

The conclusion of Leiby et al. (op. cit.) regarding the United States is that an expansion in the stocks by 120 million
barrels would be beneficial to the economy of the United States. Regarding the Asian Pacific region and the IEA-
European region, they conclude that these regions would receive net profits from a coordinated expansion, but that
individual member countries would bear a loss if they act separately.

3.3.2 Definition of the policy option

A wide range of policy options directed at secuatysupply exists (Correlje, 2003). Several of

those measures have to be implemented at intenatevel, such as proactive political
initiatives, investments in strategic oil stockstablishing international oil trade relations and
measures focussing on production of oil in othgiaes.

While politically-proactive actions, as the dialegetween consumer and producer countries,

could prevent a disturbance completely, the othesisures could prevent price effects of a

disturbance. For instance, oil released from giateil stocks could completely compensate for

the effect of a shock. Even in cases where th&ssoeot large enough to make up for the

whole disturbance, the price effects of the shoitk &t least, be smaller than they would have

been without the presence of an emergency storkulation of supply from other regions

would augment the number of suppliers to the maaket hence, decrease the vulnerability of

the oil market to disruptions somewhere on the ugige. International oil trade relations
could be used to enhance flexibility of respondimgupply side disruptions.
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The instrument of strategic oil stocks seems tarbadequate measure to cope with short-lived
disruptions within the supply of oil. As the amowiibil in stock is limited, a stock-draw policy
is only valid in situations where the supply digiop and the accompanying price peak are
short-lived (Green et al., 1988). But even in ttase, the OECD countries might run out of
stock before the situation is back to normal agdimning out of stock does not mean that the
supply of oil from stocks will have no benefits. g the period that the stock is sold, oil
prices and the accompanying “disruption costs” piiibably be lower than in a situation
without stocks.

The past shows only one example of an internatipcabrdinated release of oil from the
emergency stocks. In January 1991 just beforeitsteGulf war took off, the oil price surged to
a historically very high level. In order to restdhe stability in the oil market, the IEA
Governing Board decided to release approximatehyjl®on barrels a day. Besides this
decision, IEA countries agreed to take demand-rieduteasures and to stimulate indigenous
production. Shortly after these internationally iboated responses to the crisis on the oil
market, the war against Iraq was launched. Althahglprice of oil declined sharply, this is not
attributable to the response measures but to tiek gud effective development of the war.

The instrument of strategic oil stocks is well ceinable in our long-term scenario Strong
Europe. In that scenario, international co-openaitiosuccessful and governments are inclined
to take on public responsibilities. On the othemthahe risk of political unrest in the Middle
East fits well in this scenario because of thengjfrdecline in the oil consumption which is
induced by a fierce (internationally implementelithate policy. That decline would have

major consequences for the oil-producing countieh hence, generate a substrate for political

unrest.

Policies regarding the implementation of oil emeestocks are, in essence, not “domestic”
policies as they are based on international letipsiaNational policies regarding those stocks
are based on two sets of legislation, EU legistatind IEA legislation.

The Governing Board of the IEA, which is made up@fior energy officials from member
countries, directs the activities and makes theemaglicy decisions of the IEA. In the event of
an actual or potential oil supply disruption, thev@rning Board would meet promptly to
consider what action should be taken. In casesefi@us disruption, the Board could decide to
make an amount of oil available to the market bymseof a stock draw. This additional supply
will help to balance demand and supply and thersitigate the price increase. On 1 January
2002, IEA countries held some 3.7 billion barrdlsibstock$ (crude oil and oil products). Of
this stock 1.28 billion barrels were public stoek&l 2.46 billion barrels were industry stocks.

® Results of the questionnaire on IEA oil stock drawdown capacity, IEA/SEQ(2002)22.
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In the Netherlands, the emergency stockpile cansisboth commercial and public parts
managed by the Dutch stockholding agency: COVAIG a2 gives an overview of the
development in the Dutch emergency stocks duriedabt decade. In 2003, the total Dutch
obligation amounted to 37.1 million barrels.

Table 3.2 Emergency stock obligation fort  he Netherlands as of April 1, 1994 — 2003
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

million tons of raw oil equivalent

Industry 1.068 1.099 1.188 1.246 1.269 1.468 1451 0.677 0.666 0.669
COVA 2.536 2.446 2.606 2.553 3.015 3.002 3.427 4.103 4.232 4.415
Total 3.604 3.545 3.794 3.799 4.284 4.470 4.878 4.780 4.898 5.084

Note: On April 1, 2001, the WVA2001 came into force;
Source: Ministry of Economic Affairs, personal communication; COVA

The base alternative is the situation where thelbgbvernment and the other IEA-countries

have the current emergency stocks at their dispdbkal policy option is the extension of these
strategic stocks by 33% following the proposalfomivard recently by the Commission of the

European Union (COM, 2002).

Figure 3.4 Release of oil during the crisis in the base alternative and the policy alternative, in mil  lion barrels
a day
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ENERGY POLICIES AND RISKS ON ENERGY MARKETS: OIL MARKET

During the crisis defined above, oil from the stgat stocks is released. Figure 3.4 shows that
in the base alternative, the strategic reservésofa@ompensate fully for the disruption as from
the second month. The extension of the stockss#imedrawdown capability. The difference in
response capabilities between the policy alteraaivd the base alternative constitutes the
benefits of the measure (see further section 3.4.3)

The costs of the policy option

Extending the magnitude of the strategic oil stdoksirs several costs. The direct costs
comprise the effect of the additional oil demandtanoil price, the costs of holding of the
stock, and the costs of an eventual stock release.

Direct costs

Building a public stockpile incurs additional oiihand. During the build-up of the stock, this
could lead to higher prices than without stockdini. As the build-up of the additional stock
will usually take place in a period with normalylpprices (due to ample oil supply) the
absolute effect of this stock building on oil pgds probably limited. According to Considine
(2002), the rebuilding of an emergency stock hagmal impacts on market prices, especially

when purchases are phased over several nfonths

The costs of stockholding depend strongly on tteadteristics of the storage facility, in
particular, the geological characteristics andditsvdown capabilities of the facility.
According to APERC (2000), salt caverns incur mlosker capital costs than hard rock mines
and in-ground trenches. The costs of bringing sdckhe market are negligible in all cases.
According to APERC (2000) the costs of drawdown eefdl are less than 0.10 dollar per
barrel, no matter which type of storage facilityged. The sum of capital costs, operation &
management costs, and costs of drawing down aitlihgefire approximately 6 dollars per
barrel in the case of salt caverns, while the otertypes of storage incur costs of more than
15 dollars per barrel. Besides these costs, stonggjées that interest costs are incurred.

In the Netherlands, public oil stocks are mainbratl in salt caverns. The total annual costs of
storage, including the interest foregone, are eg#that 17.7 euro per ton raw oil equivafént.
With a current total stock of 5.084 million tonsrafv oil equivalents, an expansion of these
stocks by 33% implies an additional stock of 1.6¥Bion ton oil. The total annual cost of that
increase is equal to approximately 30 million edroe discounted average annual value of this
cost amounts to 11 million euro.

o Recently, the manager of the SPR in the US was asked to stop increasing the SPR volume as this would increase the price
of oil in the current situation.
2 Based on Ministry of Economics Affairs, Wet voorraadvorming aardolieproducten, Memorie van Toelichting, 1999.
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Determining the optimal size of the strategic oil s tocks

Investments in oil emergency stocks are investments under uncertainty which could be dealt with as stochastic optimal
control problem. From that perspective, several questions should be answered. First of all the investor (in this case: the
government) has to decide whether investing in an emergency stock is profitable, taking into account all costs and
benefits related to the investment. If the decision to invest is positive, one has to decide at what pace the stock should
be built: all at once, over a small period of time, or over a longer period of time? Next, the optimal volume has to be
determined.

The costs of investing consist of the purchasing price and the costs of stockholding. To the latter costs belong the
storage costs and the interest foregone. The purchase of oil by the government might have a price-increasing effect.
The negative effect on GDP of the higher oil price is an additional cost. The proceeds of the stock consist of the selling
price of the oil and the avoided costs to the macro-economy because of the lower oil price. This lower price is the result

of the additional oil supply out of stock.

A key element in the determination of the investment is, of course, the uncertainty regarding the future price of oil. The
future path of the oil price depends on many factors, among which the (mean-reverting?) characteristics of the oil price
under normal circumstances, the influence of stock-building and selling out of stock, the frequency of disruptions, the
magnitude of the disruptions that occur and the duration of the disruptions. Some of the influences on the oil price can
be taken care of by describing the oil price as a “geometric mean-reverting process with jumps” (Kamien et al., 1981)
The parameters of all the processes discerned in this way have to be quantified. This activity is, however, extremely
difficult because of the lack of adequate information. Another factor complicating the analysis is the fact that not the oil
price but its effect on the economy constitutes the benefits of the stockpile. The link between the oil price and the
aggregate economy is troublesome, albeit sensible assumptions could be made on the oil price elasticity of GDP.

This leads to the conclusion that only under strong simplifying assumptions analytical solutions might be found. Most
analytical models only describe the critical threshold required to trigger investment (see Dixit et al., 1994). This is the
reason that we have chosen to simulate the investment problem. A sensitivity analysis is conducted in order to explore

the sensitivity of the results to numerical assumptions made.

Indirect and external costs
As stock piling has hardly any effect on the oitpr indirect and external effects are negligible.
After all, both effects would only result if thel price changes or if significant distribution

effects would exist.

3.34 The benefits of the policy option
The benefits of expanding the oil emergency stalgqsend, firstly, on the effects of the release
of stock on the price of oil (the direct benefas)d, secondly, on the impact of the lower oll
price on economic activity (the indirect benefiBgsides these benefits, we distinguish
external benefits.

Direct benefits

The release of oil from emergency stocks diminithesmpact of a disruption in the total
supply of oil. If a decline in production is totaltompensated for by a release from these
stocks, the price of oil would hardly be affect@étie efficacy of this policy measure depends,

therefore, on the extent it compensates for a pligno. If we have defined how large the
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remaining disruption in supply is (see section2.4he key question left to answer is the
relationship between the decline in supply andoihprice.

Strategic oil stocks as a tool in a strategic game

The holding of strategic oil stocks affects the oil market even without the release of oil. Oil-exporting countries as well as
large oil users respond to the mere existence of these stocks. The latter could, therefore, be seen as a tool for the oil-
importing countries in a strategic game with other parties involved in the oil market.

The responses of oil-exporting countries could be categorised in two types. The first one raises the efficacy of the
strategic oil stocks, while the other neutralises it. On the one hand, the existence of the stocks could deter oil-exporting
countries from reducing the level of their production too much. If a decline in the production were followed by a release
of oil by the oil-importing countries, the oil price would be unaffected, but the proceeds of the oil-exporting countries
would be decreased. Of course, this deterrence holds only for short-lived reductions in supply. On the other hand,
however, the oil-producing countries could be able to offset the effect of a release of oil from the strategic stocks. It is
hardly possible to assess which of these conceivable responses dominates the effect of the stocks on the behaviour of
the oil-exporting countries.

Large oil-consuming firms, holding their own stocks of oil, will also respond to the existence of strategic oil stocks held
by governments. If these firms expect that the strategic oil stocks stabilise the oil price, they will reduce their own stocks.
In this view, governmentally hold strategic oil stocks has a crowding out effect on privately hold stocks

The Energy Information Administration (EIA) of thS Department of Enerdyuses the
following rule-of-thumb: “for every one million begls per day of oil supply disrupted and not
made good by other supplies (i.e. the net disragine), world oil prices could increase by $3-
$5 per barrel.” In case of a tight market situatidthe outset (a high oil price) the impact will
probably be the biggest, whereas in an easy mér&empact will be towards the lower end of
the range mentioned.

Considine (2001) provides estimates of the prifeces of supply disruptions. According to his
competitive model of the world oil market, a 1 moifl barrel daily shortfall in supply induces a
significant price increase. The magnitude of thizéase depends on the initial price (the higher
this price the larger the price increase) and oathdr the market is in backwardation or in
contango. In case of a market contango, futureggire higher than the spot price. As a result,
market participants buy and hold inventories tbisethe future when prices are higher. This
additional demand drives equilibrium prices eveghkr. In a backwardation situation, when
spot prices exceed futures prices, a shortfall willion barrel a day leads to a price increase
between 4 and 6 dollars. In a contango situatierptice rise is in the interval of 7 to 13 dollars
per barrel.

In a more elaborate model with an imperfectly cotitipe market structure, Considine (2002)
finds much smaller price effects than in the absiwgple competitive model. A disruption of 1

million barrels a day has a modest impact on prigesequilibrium price only rises by a little

 published at website: http://www.eia.doe.gov/security/rule.html (8/27/03).
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more than 1 dollar. As this model seems to descthibanarket situation better than the above
competitive model, we use the latter relationstd@wieen disruptions and oil price. The rule-of-

thumb of the EIA lacks, in our view, proper fouridas.

Figure 3.5 Changes in the price of oil during the ¢ risis in the base alternative and in the policy alt  ernative
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The results of the analysis are presented in fi§useln the base case, the monthly average
price of oil increases in the second, third andtfomonth, while in the policy alternative no
price increase occurs due to the capabilities®ftinergency stocks to compensate for the
disruption within supply (see Figure 3.4). In thstltwo months of the crisis, the policy
alternative also shows a shortage in stocks amteheising prices. The benefit of the policy to
expand the oil stocks is constituted by the diffiersin price development between the base and
the policy alternative. On an annual basis, th@ide rises 4.5% less in the policy alternative

compared to the base alternative.

Indirect benefits

There has been much debate about the relationshigebn oil prices and the performance of
the economy (see the box ‘Why does a rising pricgl affect the economy?’). In general a
negative correlation is found between GDP and ridlgs. The quantitative strength of the
relationship between price and GDP is summariseldroil price elasticity of GDP. For the
United States, Mory (1993) found a value of -0.088ch is in close agreement with the value
of -0.054 that was found by Mork et al (1994). Hoer since 1985 this relationship seems
much weaker than during the preceding period.
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Elasticities based on simulations with macroecoramddels such as Interlink and Multimod
are significantly smallel? The aggregate level of these models precludes teslels from

obtaining the inter-sectoral resource allocatiost€gaused by an oil price shock.

Why does a rising price of oil affect the economy?

Several explanations have been put forward for the inverse relationship between oil price and aggregate economic
activity. In their article giving an overview of evidence on this relationship, Brown et al. (2002) categorise the

explanations into four groups.

The ‘classic supply side shock’ explanation mentions the rising price of a key production factor as the trigger. Increasing
costs of production results in a lower growth of output and, hence, of productivity. Consequently, the growth of real
wages declines and consumers reduce their savings or increase their debt as to smooth out their consumption. As a
result, the real interest rate rises which boosts inflation if the supply of money is not adapted to the change in money

demand. If nominal wages are sticky downward, unemployment will grow reducing production further.

A totally different explanation is given by the ‘income transfer’ explanation. This approach stresses the fact that rising oil
prices transfer income from oil-importing countries to oil-exporting countries. As the latter have a lower propensity to
consume, aggregate spending declines and, hence, aggregate production, particularly in the oil-importing countries.
This effect is partly offset by the accompanying growth in aggregate savings which reduces the real rate of interest and,

hence, stimulates investments and production.

The other approaches focus on the role of the supply of money. The ‘real balance effect’ explanation states that a rising
oil price raises the demand for money while the supply of money grows insufficiently as to meet the higher demand.

Consequently, interest rates rise and economic growth decreases.

The final approach sees ‘the failure of monetary policy’ as the major explanation. According to the adherents of this
approach (as Bohi (1989) and Bernanke et al (1997)), inadequate policies of monetary authorities were the major cause
for the relationship between the oil price and the aggregate economy. In the past, these authorities tightened the supply
of money in order to beat inflatory tendencies. As a result of that contractionary monetary policy, economic activities
would have declined. This view is, however, highly questioned by others (as Hamilton and Herrera (2001) and Hooker
(2001).

According to Brown et al. (2002), the ‘classic supply side shock’ offers the best explanation for the inverse relationship

between oil price and aggregate economic activity.

2 The Interlink model is the macro-econometric model used by the OECD Economic Department for analysing effects and
international spill-overs of macroeconomic policy and for assessing risks to the global outlook (OECD, 2001). Multimod.is
IMF’s multi-region macro-econometric model (IMF, 1998 and 2000). This model has been designed to analyse the macro
economic effects of industrial country policies on the world economy.
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In both models the impact of higher oil prices woits way through the economy along
comparable lines. In the Interlink model the highece of oil changes the terms of trade
between oil-exporting and oil-importing countrids the prices of oil and oil-related goods and
services increase real disposable income of nétpibrting countries declines. This leads to
lower output and higher inflation. The degree @& ttownturn depends on the way consumption
reacts to lower disposable income and higher infteand investment to lower output. In
addition net exports might change because of sipwiarket growth and competitiveness
changes. Higher consumer prices could lead to cosgpien in wages. If this occurs an
inflationary spiral could start which induces (§tiligher inflation and lower growth. The
magnitude of the loss in output varies between t@mm It depends on, among other things, the
amount of domestic oil production and the oil irsignof GDP. We calculated the effects of the
oil prices changes on the Dutch economy by usiegitinena model (see chapter 2). The
results are depicted in the tables 3.3 and®3.4.

A temporary increase in the oil price raises indlatand reduces the purchasing power of
households which generates negative effects oateritonsumption. On a world level,
purchasing power decreases resulting in a lowestijroate of world trade. This reinforces, by
diminishing exports (of energy and other goods,rtkgative influence on the national
economy. As a consequence employment decreasel pitie the economy under further
pressure. In the energy sector, investments afeehithrough substitution of energy by capital,
but outside the energy sector, investments debkrause of rising costs and thus diminishing
profitability.

As to be expected, the economic effects of a teargayil price rise tend to zero after a few
years. In the transition phase, a negative pricgevapiral occurs under the influence of a
delayed adjustment of wages to the difference ketwiee production and the consumption
price. Consequently the terms of trade deterimegelting in a decline of real national income

in year 2.

The economic benefits are measured in terms afat&nal income (NNI). The NN (instead
of GDP) is used as there is a close relationshiywden the NNI and consumption. This later
variable is the most important variable in welfaralysis (see chapter 2).

3 The results in the tables 3.3 and 3.4 reflect the effects of the oil price rise only. But the size of the negative effects may
depend on the circumstances in which the price increase takes place. Often, a fall in confidence, manifesting itself in a
restraint of the willingness to consume of households and the propensity to invest of firms, will accompany a sudden sharp
rise in the energy price. This fall in confidence will be larger in case of, for instance, a threat of war than if OPEC should
restrict its production. In assessing the benefits of the prevention of a price rise by holding oil emergency stocks, the
consideration of only a price rise seems justified.

4 NNI is the sum of domestic product (GDP excluding depreciation) and the balance of income, interest and dividends from
abroad.

53



ENERGY POLICIES AND RISKS ON ENERGY MARKETS: OIL MARKET

The direct (discounted average annual) benefitestimated at approximately 61 million euro
(see table 3.4). Besides this direct benefit, aloo¥ price generates also an indirect benefit,
which is estimated at about 16 million euro.

Table 3.3 Macroeconomic effects of avoidi  ng a temporary rise in the oil price by 4.5%
(2003, cumulated % deviations of the baseline)

Iltem Value
Net national income 0.0180
Private consumption 0.0225
Production of manufacturing excluding the energy sector 0.0270
Production of the energy sector 0.0990
Production of service sector 0.0135

Source: Athena

3.35

As one could expect, the positive impact of avajdam oil price increase is largest for the
energy production sector (see table 3.3). As thelbmanufacturing sector is relatively energy
intensive, the impact on this sector is also reddyilarge. Households benefit too from this
measure due to the lower price of oil-base energglycts such as gasoline. The increase in
production by services, being the least energysite sector, lags behind.

External benefits
A negative external benefit arises due to the eed consumption of oil which raises
emissions to the environment. These benefits amsaes at approximately 2% million euro

(using a shadow price of 16 euro per ton carboridi&).

The break-even frequency

From the figures in the previous section, we cailgaompute the break-even frequency (see
table 3.4). This figure expresses at what frequengse-defined crisis will have to occur to
equal costs and benefits of the policy options ($emter 2 for more detaif$)The total
(discounted average annual) costs of expandingtthtegic oil stocks by 33% amount to 11
million euro. The total benefits of the measure@enillion euro. This implies that the break-

even frequency is once in every 6.9 year.

Comparing this result with the frequency and magtétof past disruptions (see table 3.1), this
necessary frequency to break-even is rather hightaking into account the last disruption
mentioned in table 3.1, which was caused by execwf market power, there have been 10
disruptions with a mean gross disruption of 365ddarover a period of approximately fifty

*® Over the period between two disruptions, the emergency stocks should be replenished. It could reasonably be assumed
that these periods are long enough for the actions of the stock manager not to have any effects on the price of oil.
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years. So the actual frequency of disturbanced®@wit market is higher than our break-even
frequency but the magnitude of these disruptiorssti@ggen smaller than in our crisis scenario.

Table 3.4 Cost and benefits of expanding  the emergency stocks with 33%
(discounted value in million euro)

Average annual costs

Direct 11
Indirect =
External -
Total benefits 11

Total benefits in case of one crisis

Direct 61
Indirect 16
Subtotal 78
External -2
Total benefits 76

Break-even frequency
Once every ... years 6.9

3.3.6 Sensitivity analysis
Table 3.5 depicts the sensitivity of the above onite to the assumptions made. It appears that
the result of the analysis is fairly robust. Chawggihe discount rate, the costs of storage or the
shadow price of carbon dioxide does not have leffgets on the break-even frequency.

Table 3.5 Sensitivity of break-even frequ ency to assumptions

Variant Break-even frequency
Base case 6.92
Discount rate is 5% instead of 7% 7.22
Discount rate is 10% instead of 7% 6.47
Cost of storage is 20 euro/ton raw oil equivalents instead of 17.65 6.11
Cost of storage is 15 euro/ton raw oil equivalents instead of 17.65 8.14
Shadow price of CO,-emissions is 10 instead of 16 euro per ton 7.00
Shadow price of CO,-emissions is 50 instead of 16 euro per ton 6.47

The results are, however, far more sensitive femtfagnitude of the disruption and the size of
the policy measure (see figure 3.6). The efficieotthe policy measure in the base case (33%
expansion of the strategic stocks) increases adutagion of the disruption rises and vice versa.
If a disruption (of 10 million barrels a day) takas more than 1.5 month, the break-even
frequency would be smaller than one, implying that disruption should occur at least every
year as to make the expansion efficient. On therdiand, if the duration would take 9 months,
a break-even frequency of once in every 8 yeardtees
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Figure 3.6
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The sensitivity analysis shows also that smalleestiments in strategic stocks have a higher
chance of being profitable than larger ones. Thifer@nce disappears, however, if the duration
of the crisis grows: a 9-month lasting crisis woutiise the oil stocks completely no matter
what the extension would have been.

Sensitivity of the break-even frequency  to length of the disruptions and size of stock expa nsion

3 4.5 6 9

duration of crisis (months)

—— 15 days extension --- 30 days extension ------ 45 days extension —-—- 60 days extension

3.3.7

Conclusion

The efficiency of additional investments in strategjl stocks depends heavily on frequency,
duration and magnitude of disruptions in the sumblgil. An expansion of the stocks by 33%
would need a disruption of 10 million barrels a d@yeast once in every 7 years. Although the
frequency of disruptions on the oil market was kigtihan 7 in the past decades, the magnitude
of the disruptions was much smaller (see table 3¢ analysis of future risks, described at the
beginning of this chapter, gives some reasonsxXpe@ing larger disruptions in the future. In
particular political unrest in major Middle Eastucries could result in a large and sudden
decline in oil production. Our conclusion is, tHere, that additional investments in strategic

oil stocks are not efficient unless one views fbk of a long lasting and severe disruption as a
relatively large one.

We need, however, to mention a caveat. As descabede, the impact of a shortfall in
production on the world price of oil is uncertdiiithe impact on the oil price would be bigger
than we have assumed in this analysis, the bemefégtng to an expansion of the emergency
stocks would be higher. Accordingly, the necestaepk-even frequency would be lower.
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3.4.2

COST-BENEFIT ANALYSIS OF SUBSIDISING BIOFUELS AND BIO-FEEDSTOCKS

The results of our analysis also show that marfieéitso deal with all costs incurred by
disturbances on the oil market. Governmental imaests in strategic stocks generate positive
indirect benefits. At the same time, negative exdkbenefits are realised, as the lower oil price
(due to the policy action) increases consumptiooilcdind, hence, emissions.

The analysis in this section was based on the g#sumthat the expansion of the strategic oil
stocks and the release of oil from these stockesgenationally coordinated. To which extent
would our conclusions alter if national governmentsild act separately? The outcome for
individual countries as the Netherlands could beenas well as less profitable. The former
result could arise if a country decides not to exjplis oil stocks while other countries do
invest in expansion. As a result, the country asta free-rider as it would benefit from the
release of oil from the other countries without mgkany costs. If, on the other hand, a small
country as the Netherlands would expand its emesgstocks while other countries would not,
the benefits of that investment in case of a crisisld be negligiblé®

Cost-benefit analysis of subsidising biofuels a nd bio-feedstocks

Definition of a crisis

While strategic oil stocks measure could only befulsn dealing with short-lived disruptions
within supply, the biomass measure makes senseatinghort and long-lasting crises. In this
analysis, we focus on a long-lasting crisis ocogrias a result of effective cartel behaviour of
oil-producing countries. The crisis is defined as@uction in global supply of oil by 4 million
barrels a day over a period of one year. Like endhse of strategic oil stocks, we use Considine
(2002) to determine the relationship between thgmtade of a disruption and the price of oil.
Consequently, the crisis defined results in a prige of 5 dollars per barrel.

Definition of the policy option

Reducing the dependency of an economy on oil deesgigs vulnerability to disturbances on

the oil market. The dependency on oil could bedieed by energy saving as well as altering the
fuel mix towards other fuels than oil. In this refpaeve focus on the latter option. An alternative
to the use of oil is the use of biomass. Sectorravbil might be substituted for biomass are the
power sector, the transport sector and the chersébr. In the Netherlands, hardly any oil
products are used in the power sector. Here, biemggdaces coal in order to reduce emissions.
From the perspective of security of oil supply,réfere, it makes sense to focus on the

16 This conclusion also holds for certain groups of countries, as is shown by APERC (2000). In its cost-benefit analysis of
investments in emergency stocks by Asian countries, they conclude among others that cooperative stock release by all

Asian countries except Japan is not profitable. If, however, Japan would join the other Asian countries, stock holding
generates positive net economic benefits.
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transport sector and the chemical industry. Theatehior biomass from the power sector,
however, should be taken into account becauss effiects on the market for and, hence, the
price of biomass.

A recently published directive of the European Wnidfers a framework for encouraging the
use of biofuels in the transport sector. This divecaims at “contributing to objectives such as
meeting climate change commitments, environmenfetyndly security of supply and
promoting renewable energy sources” (European Urd663). According to this framework,
the minimum proportion of biofuels and other renbleduels in car fuels, measured by energy
content, should be 2% in 2005 and 5.75% in 201thotigh these targets are not mandafory

we will use them as reference values in our analysi

As biofuels are more expensive than their fosgiinterparts, the realisation of these targets
would need financial support of governments. Thapensation could be given by reducing
the excise duty on the blended fuel. As a consempjdtel prices at the pump do not increase
but government revenues decline. To balance thergawent budget, taxes have to be
increased accordingly.

In the chemical industry, a part of the fossil firgduts can be replaced by biomass. Technically
spoken, no problems arise if biomass is used ag ingchemical processes. Availability and
composition of the bio-feedstock could, howeveralimttleneck. Moreover, the conversion to
a biomass-based industry would induce significemtdition costs, as the whole infrastructure

of the chemical industry has been oriented on trepas input for many years.

In contrast to biofuels, the European Union hasmptemented policies regarding the use of
bio-feedstocks in the chemical sector. Governmehggveral countries, inside and outside the
European Union, have stressed the importance atituting fossil-based chemical products by
biomass-based products. Up to now, most of theiegipolicy initiatives refer to the stage of
research and development of biomass (ECN, 2008pé(tific targets are mentioned, these
targets refer to long-term developments. An exoeptd this is the United States: this country
has defined specific targets on bio-feedstocks fmtthe short and the medium term.

In this report, we analyse the consequences ofitutiregy 10% of the naphtha consumption in
the Dutch chemical industry. The accompanying patieasure consists of financially
compensating the industry for the extra costs ofriaiss compared to naphtha by subsidies or
tax reductions. As is the case with biofuels, waua®e that the additional outlay of the
government is compensated for by an increase oulataxes.

" Article 4 of Directive 2003/30/EC states that national targets can differentiate if governments have good reasons to do so.
The Commission will assess those reasons on their validity.
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COST-BENEFIT ANALYSIS OF SUBSIDISING BIOFUELS AND BIO-FEEDSTOCKS

The costs of the policy option
Following our framework, we distinguish direct cggndirect costs and external costs of a

policy option.

Direct costs

Using biofuels is more expensive than using fdsgils. As the Netherlands have very limited
opportunities to produce biomass, we have to asshatall biomass needed for this policy
measure will be imported. The direct costs of blegdossil-based fuels with biofuels depend
primarily on the difference between the saving®ibimports, on the one hand, and the
expenditures on imports of biomass on the othesid®s this, differences in processing costs

contribute to the direct costs of this policy measu

Much uncertainty exists regarding the extent ofdinect costs of biomass usage. In
determining the direct costs at macroeconomic Jatetntion should be given to five items:

current additional costs per unit of product;

developments on the market of biomass affectingtlee of biomass,
technological progress decreasing the productistsco

the total demand for fuels in the future;

other costs related to the use of biomass-basetlipi®

Appendix 4 offers an assessment of estimationgdegathe thirst three mentioned items; the
fourth item is discussed in the box ‘Challengestifier biomass market’.

Blending fossil fuels with biofuels leads to anrig&se in costs, as the costs to produce biofuels
are higher than the production costs of fossilSFUBIOVEM (2003) provides an overview of the
costs studies that have appeared to date. Depeaoditige way fuel consumers are compensated
for the increase in costs, the necessary exciserddtction is somewhere between 0.8 euro
cent per litre for the 2% bioethanol/gasoline blend005 and 4.7 euro cent per litre for the
5.75% bioethanol/gasoline blend in 2010 (see agrehd

In our calculations, we use a constant price fontaiss during the scenario period, as an
increase in demand for biomass will have an upwefigst on biomass prices, whereas an
increase in the scale of production will have apasite effect. However, because of
improvements in techniques in the refining stage assume an overall yearly cost reduction of
2%.

Although starting from the same cost increasedipperas NOVEM (2003), our costs differ
from those in the NOVEM study because the develaproefuel demand is different. In our
Transatlantic Market scenario, the demand for fabtsvs an annual increase of 1.5%, whereas
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in the scenario used by NOVEM (op. cit.) the yeambyrease in demand amounts to 2.2%. Up
tot 2040, fuel demand increases by 50% in our Tidenstic Market scenario.

Additional costs could arise from adapting comtrsgngines to the specific requirements of
using blended fuels. In our case however, the shfdb@fuels in the blend is so small that
adaptations seem unnecessary.

Production of bio-based chemical products, generialimore expensive than production of
their fossil-based counterparts. The extra direstxfor the Dutch industry of the policy
measure defined above vary between 50 and 22@méliro (CE, 2003). CE computed this
cost increase as an average over five bio-basetligi® As the eventual product mix is
unknown, these five products have an equal weigtité determination of the average
additional costs.

As is the case with biofuels, we assume a conptéce for biomass. Learning effects and
technical improvements in the refining stage w#lalead to an overall cost decrease of 2%.

Challenges for the biomass market

Following the Directive of the European Union, many countries are going to stimulate the use of biomass. As a result,
the use of biomass could double in the near future. Currently, supply of biomass consists mainly of municipal waste and
residues from food industry. To enhance the future volume of biomass, supply will gradually move from wastes and
residues to products from specific energy plantations. Future supply depends, therefore, on the ability of biomass
production to compete for acreage with food production and nature conservation. Consequently, agricultural policies of
the European Union, therefore, play a key role in the volume of biomass that will be produced within the European
Union and elsewhere.

According to the European Commission, replacing 8% of the current use of fossil fuels would require 10% of the area
currently used for agriculture (RIVM, 2003). If the European Union would be unable to produce the required amount of
biomass, part of the demand has to be served by imports. Possible conflicts between biomass production and food
production in exporting countries could arise. This holds, in particular, for developing countries if biomass production
would lead to higher food prices. Anyway, an increasing demand and necessary transition from wastes and residues to
specific energy crops will have an upward effect on prices of biomass. On the contrary, an increase in the scale of
production and technological developments could have an opposite effect on the price (see Appendix 1). As a result, it

is pretty conceivable that the future price of biomass remains fairly flat (see also Novem, 2003).

In our Transatlantic Market scenario, the input dadhof the chemical industry increases by
more than 50% up to 2040. We assume that the egblemume of naphtha increases at the

same rate.

Additional costs to the industry could arise beeanfsthe ‘lock-in effect’ of the current

situation. The chemical infrastructure is completsised on naphtha as its basic feedstock. A

forced transition to a bio-based industry in atreddy short period would lead to capital
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destruction. However, we assume that such costb¥evivoided because of a gradual
introduction of bio-based feedstock.

Indirect costs

The extent to which direct costs generate indicests depends fully on how the policy
measure is financed. After all, as additional castsfully compensated for by tax reductions,
this policy options does not affect prices of egetgdirect economic consequences, therefore,
could only follow from the way these tax reductiavii be financed. If the government raises
taxes on labour to compensate for the reducedereezipts, the labour market could be
distorted, incurring negative macroeconomic effédte used the Athena model to assess the
extent of this component.

External costs

The external costs incurred by subsidising theafissomass follow from the reduction in fossil
oil consumption and, hence, in emissions. TablesBdws the effect of the policy option on the
emissions of carbon dioxide. The latter dependthemway biofuels would be produced.
According to Novem, 2003, a reduction of 50 to 7% O,-equivalents seems reasonable.
These figures take account of all emissions frorall\o-wheel”. In our calculations, we
assume a reduction in emissions of 60%. The vdltleese negative costs can be assessed by
using a shadow price of the emission.

Table 3.6 Negative external costs of blen ding (reduction in emissions of CO )
Shadow price of emissions (euro/ton)
16 50
million ton/year million euro/year
2% blending (2005) 0.4 7 25
5.75% blending (2010) 1.3 22 70

In the chemical industry, the replacement of a partaphtha by biomass also leads to lower
CO,-emissions. This effect is, however, very smak teplacement of 10% naphtha by
biomass reduces the total emissions by no morelthan’® Consequently, these external
effects can be ignored in the remaining part ofahalysis.

8 According to VROM (1997), only part of the carbon contained in fossil fuels used as feedstock enters the atmosphere.
From the potential emissions from naphtha 82% is stored in products. In a steady-state (long run) situation, however, almost
100% of the potential emission enters the atmosphere (Marland, E. and G. Marland, 2003).
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3.4.4 The benefits of the policy options
Direct benefit
The direct benefits of introducing biomass as etfuand bio-feedstock arise in case of an
increase in oil prices. If the oil price increagbg, cost difference between the fossil based
products and the biomass-based products declitésd&crease could lead to a lower
compensation per unit of product and, hence, rethiaégovernment expenditures.

Indirect benefits

The direct costs and direct benefits presentelarpteceding sections are used in ATHENA,
our macroeconomic model. Within this model, wetttba additional costs resulting from the
use of biomass as an increase in import costsea®tjuired biomass probably needs to be
imported. The transport sector and the chemicalstrgt are compensated by the government in
terms of a reduction in excise duties or an ina@éasubsidies. This additional government
outlay will be financed in the form of a tax incsea Athena determines the extra costs relating
to this tax increase. Together with the direct£tisése indirect costs are determined in terms of
Net National Income.

External benefits
As end-user prices are unaffected, consumptionaisfwill not alter as result of the policy
option. Consequently, the measure does not indermed benefits.

3.45 The break-even frequency
The resulting break-even-frequency is once in e@etyears (table 3.7). This means that even
if the oil price is permanently at a 20% higherdgthe welfare effects of this option are
negative. The benefits in terms of lower loss dfamal income and lower carbon emissions are
by large not sufficient to offset the high costsising biomass.

Table 3.7 Costs and benefits of stimulati  ng biomass in the Netherlands (discounted effects, million euro)

Average annual costs

Direct 121
Indirect 2
Subtotal 123
External -6
Total 117

Total benefits in case of one crisis

Direct 9
Indirect 3
Subtotal 12
External .
Total 12

Break-even frequency once every ... years 0.1
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A policy measure with relatively high costs coukldf interest, because of its distribution

effects. It appears that the costs of this measordd be paid by the households as higher
income taxes would be used for financing the subsitbee table 3.8). The benefits would
accrue almost completely to the transport and ctelrsectors.

Table 3.8 Effects in 2030 of costs and be nefits of introduction biomass (cumulated % deviati ons of
baseline)

Costs Benefits
Net national income -.11 .02
Private consumption -.29 .05
Production Manufacturing excl. Energy -.02 .01
Production Energy -.08 -.02
Production Services -.15 .03
3.4.6 Sensitivity analysis

Table 3.9 provides the results of the sensitivitglgsis. It appears that the discount rate and
the shadow price of carbon dioxide emissions haaffsct the above conclusion.

Table 3.9 Sensitivity of break-even frequ ency to assumptions

Variant Break-even frequency
Base case 0.118
Discount rate 5% instead of 7% 0.115
Discount rate 10% instead of 7% 0.113
Shadow price of CO, emissions 10 instead of 16 euro per ton 0.116
Shadow price of CO, emissions 50 instead of 16 euro per ton 0.126
3.4.7 Conclusion

Subsidising the use of biomass appears to be &yhleghensive policy measure. Replacing
crude oil by biomass as input increases productimts strongly. The direct welfare costs occur
as an increase in the import bill as the requiiiedhbss has to be imported. Financing this
biomass policy by raising taxes leads to an aduitiandirect, welfare cost. The direct welfare
gains of the biomass policy, which arise in casa ofisis, appear to be small. Comparing the
costs and benefits of the biomass option showshleatosts outweigh the benefits to a large
extent. Even if the crisis should occur permaneiiy policy measure is unprofitable.

The European Union itself recognises the factshastituting fossil inputs by biomass is as yet
an inefficient option (see COM(2001)547). It wotddte an oil price of around 70 euro per
barrel to make biofuels break even with conventigesroleum-derived diesel and gasoline.
The Commission expects that only a part of thetadil costs of biofuels would be offset by
benefits due to the avoidance of £#€nissions and the increase in the security oflgupp
However, according to the Commission, the measmddwgenerate extra benefits in terms of
rural development in the European Union, employmigstal policy, and environmental
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quality. In addition to these extra benefits thauld arise within the European Union, extra

demand for biomass could benefit developing coestitiat depend on agriculture.

The question remains, however, whether these lisnafided to the climate and security
benefits, fully compensate for the high productiosts. After all, some of these so-called
additional benefits, such as the effect on employtirage already taken into account in our
analysis. Moreover, the question should also bevaresi whether subsidising the use of

biomass is the most efficient option to realises¢éhether policy goals.
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INTRODUCTION

Natural gas market
Introduction

As the share of natural gas within energy suppbrasving, economies become increasingly
vulnerable to disruptions on the natural gas maik&b separate developments are currently
affecting the landscape of the European gas mdiketalisation of the European gas market
and a growing dependency on non-EU suppliers. Ttegelopments pose new chances, but
also new risks for the security of supply. In tbigpter, we focus on the latter.

This chapter starts with describing some histoiscughtions in the gas market and analysing
potential risks for the near future (section 4123)is section concludes with the definition of two
conceivable crises on the gas market. Then weeaatithe core of this chapter, the cost-benefit
analysis of two policy measures. First, we anathisecosts and benefits of extending the
lifetime of the huge Groningen gas field as a swingducet® (section 4.3). Next, we conduct a
cost-benefit analysis of reducing the dependencgasnof the power sector by encouraging the

use of non-gas based generation techniques (se&ctdn
Analysis of risks

Historical evidence on risks

Up to now, the European gas market has never exqpexil any large-scale and long-lasting
disturbances in supply (Correljé, 2003). This isnarily thanks to the ‘well-managed’

character of the market hitherto, with the absarigas-to-gas competition and the use of long-
term take-or-pay contracts. However, the gas systastested for its stability on a number of
occasions. Stern (2002) detected the following &ven

Strike among offshore workers in Norway and the idK986 which caused a loss of around a
guarter of total Norwegian supplies for severalgjay

Terrorist (bomb) attack on the Trans-Mediterrangipeline in Algeria in 1997. Due to the use
of gas from storages and alternative suppliersattaek did not have any significant effect on
the gas market;

Disturbances in the transit of natural gas fromdRuacross Ukraine; this country demanded a
transit fee by means of ‘unauthorized diversiomsiose disturbances did not result in any
significant supply problem in Europe, because gaspanies had sufficient opportunities to
substitute the withdrawn supply;

Transit difficulties caused some physical shortdgégurkey in 1994 and 1995.

9 A gas field serves as a swing producer if it is capable to meet all kinds of fluctuations within the demand for gas.
Technically, swing is defined as “the maximum monthly delivery divided by the average monthly delivery in a given year”
(IEA, 2002a, p. 58).
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Significant disruptions of supply at the naturas gaarket are scarce, not only in Europe but
also in other regions. The largest exception isigex by the El Paso natural gas disruption in
New Mexico. In august 2000, one of three parafitdristate pipelines blew up, causing the
other two to temporarily shut down. This resulte&i60 percent decrease in the usual 2 billion
cubic feet per day flowing from El Paso to the gaskets of Arizona and California, for
several weeks in a row. However, an EIA study (E2800) into the effects of this disruption
concluded that the markets were independentlytalieake adjustments needed to avoid
severe gas shortages as a result of the El Paspiiiims. This was accompanied by soaring
gas prices at least temporarily. “The system radie@lternate transportation, gas from storage,
or other non-natural gas remedies such as swit¢biotgher fuels to supplement the loss of
natural gas supplies” according to EIA (2000).iAlkll, the ultimate effect of this disruption
was not significant, partly due to the moderatettheaconditions that prevailed at the time of

the crisis.

On the demand side of the natural gas market, ae'disruptions’ occurred due to extreme
weather conditions. The IEA (1995) mentions theegigmces in Canada during the winter of
1992/93 and in the USA in January 1994. Recentli weather threatened the Dutch
transmission system, whereby storage facilitiestbduk addressed in order to continue gas
deliveries. The withdrawals were sufficient to ateoodate the peak in gas demand: as a result,

no difficulties emerged.

Disruptions on the supply side can have variouseswarying from technical to political. The
chance of a technical failure in the (internatipmas network could be significant. However,
due to the well-developed network of pipelines #raexistence of storage facilities, effects of
these kinds of disruptions are relatively minorisagroved by past experiences. Whenever a
supply line breaks down, extra gas can be obtagitbdr from another source or from the same
source via another pipeline. Furthermore, techri@hlres are most of the times relatively easy
to repair, with gas flowing again within a shorhé& span.

In a deregulated gas market, such as the Southewiesimerican gas market, “the
consequences of disturbances are fully dependeataitable alternative routes and surplus
storage and transport capacity in the system. Badypt imbalances translate into price
movements and possibly substitution by alterndtieds and their prices” (Correljé, 2003). The
volatility of the price of natural gas in a libessd market can be illustrated by the day-ahead
prices at the Net Balancing Point (NBHij the United Kingdom (Figure 4.1). These prices
regard natural gas that is not sold by means afacts. Even in liberalised markets, a
significant part of gas is contracted under longateontracts. The price of gas in these
contracts will increasingly be based on gas-toegemspetition. In the United States, nearly all

2 A UK trading hub.
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gas prices are determined at the Henry Hub spotngaket in Louisiana. In the United
Kingdom, gas prices in new contracts are mainhefam spot prices. At the European
continent, however, indexation to the price of otgergy carriers, in particular oil, still plays a
significant role.

Day-ahead prices at NBP, United Kingdom, 2000 - 2003
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Source: various issues of European Spot Gas Markets, published by Heren Energy.
4.2.2 Assessment of future risks

The observation that the European gas market haseeo hit by a significant supply
disruption until now does not provide a guaranteélie future, the more so given the ongoing
liberalisation of the market and the increasingeselency on imports. Which risks are
associated with the future liberalised gas markdtvahat are the perceived chances of any
significant disruption? The major risks on the makgas market seem to be related to
fluctuations in demand and the flexibility in suppd cope with these fluctuations, and the

increase in market power of a small number of Sepgl

Due to the high volatility within the demand forsgshe supply side should be flexible as to
prevent disruptions. This flexibility of gas prodion is called ‘swing’. In the past before the
liberalisation of the gas market in Europe took glivernments ensured that the level of swing
was permanently sufficient. “Before market libesation, the entire gas demand curve was
largely inelastic. (...) The main requirement wagd tha available supply should at all times be
sufficient to cover contractual demand at eachtionalLarge suppliers such as state
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monopolies or companies with exclusive supply cesimas were meeting this requirement.”
(IEA, 20024, p. 57).

In liberalised markets, private firms are also iwed in determining the level of swing capacity
of the supply side. In liberalised gas markets ag the United States and in the United
Kingdom, the price mechanism is increasingly plgyam important role in matching supply
and demand. “As markets are being opened throughplarty access, as well as by abolition
of state monopolies and exclusive concessiongdasport and distribution, competitive
markets for gas are emerging and new gas serviedseing developed. Gas flexibility in its
various forms is becoming a tradable service andlised by the market.”(IEA, 2002a, p. 77)

Liberalisation of the gas market might lead to uimdestment by private companies in
sufficient production and swing capacity. “The gatuction of liberalisation has created
uncertainty by removing the all-encompassing, xtreenely expensive, provision by the
dominant merchant transmission companies agaiesttewf low probability but high impact.”
(Stern, 2002). Private companies could find it wfifable to invest in capacity that lies idle for
most of the time. In the United States, where Bhsation took off around 1980, investments in
pipelines and storage facilities have risen strpihgthe past decades. Nevertheless, utilisation
of these facilities has also increased due to tbeiigg demand for natural gas. “In the United
States, production, transport and storage areanirgly used at nearly full capacity. (...)
Further increases in demand could cause capadifefecks to develop.” (IEA, 2002a, p. 21
and p. 256). This development might be regardedagket failure, since private companies
might not take into account all benefits to socfetyholding swing capacity needed for

meeting extreme demand.

Currently, the Dutch gas system is designed to seetre winters. The concepts used in the
Netherlands in this respect are the 1976 wintersamdnus 17 degrees Celsius day. “NAM
guarantees Gasunie reliability for the gas suppgnfthe Groningen system that translates into
a maximum of one hour ‘downtime’ in fifty years” ¢Bls, 1999). The questions are whether
private parties will maintain this target in theute, and whether this target is the optimum

level from a welfare economic point of view.

The issue of the level of swing capacity in the gsket is not only raised by the liberalisation
of this market, but also by the depletion of thgénGroningen gas field which serves currently
as the major supplier of swing to the western Eeampmarket. Due to this depletion,
Groningen'’s capability to offer swing is decliniffutch production will eventually decrease
as will its contribution to meeting flexibility idemand. Imports from Norway and the United
Kingdom are increasing (up 140% in three years}twege offer very little flexibility.”(IEA,
2002a, p. 210). As a consequence, Groningen witeesingly need the support of additional
storage facilities in order to meet demand in cdi®xtreme peak demand. Parties involved in
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the Dutch sector have already organised this stifyyastarting the so-called Groningen Long-
term project. “Through this latest program of coegsion installation, Groningen, which is
already the heart of the Dutch circulation systenpfimary energy, will be given a new lease
of life.”(Roels, 1999). The question remains, hoarewhether these investments and the
investments in additional storage capacity wilsbéicient to compensate fully for the
declining capability of Groningen to deliver extremeak flexibility.

Furthermore, a liberalised gas market means unmgndf transport and production. This may
create new risks for the gas market as a whole acedpwith the former situation in which
transport served production. Unbundled transparigamies make independent judgements, not
necessarily shared by producers. Consequentlyibilgy to produce a certain amount of
additional supply is not in itself sufficient to Bteunexpected requirements. Enough extra
capacity must be available on the transmissiontgridansport this increment in a timely way.”
(IEA, 20024, p. 15). On the other hand, an indepahttansmission company encourages
competition between producers and, hence, raisesuinber of sources of supply to the

market.

The major issue in the long run is the decliningerge base within Europe, and its
consequently increasing import dependence. Thargetl dependency on imports itself poses a
threat for security of supply in the sense thapgupoutes will become longer, and more
vulnerable to shocks than is the case nowadayard-igy2 illustrates this fact.

Figure 4.2 Consumption of natural gas in European U nion (including Norway) by origin, historically (19 80
and 2000) and in four scenarios (2040)
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The growing dependency on imports increases Eusopéherability for an abuse of market
power by one of the major suppliers, or a coalibbsuppliers. A few years ago, the major gas
exporters Algeria and Russia started mutual codiperly establishing the Gas-Exporting
Countries Forum (GECF). This platform “strives foarket stability” and a “sustainable
development of energy industry” (GECF, 2002). Hogrevno definite conclusion can be
drawn as to how market power and negotiation sthewijl evolve. In addition, the importance
of the hard currency revenues earned from gas exfiothe economies of the major gas
exporters to Europe (...) is so great that these reeqowould be reluctant to jeopardise them
by adopting extreme commercial or political positd (Stern, 2002). Nevertheless, execution
of increased market power by exporting countriadaoesult in higher import prices for

natural gas.

Definition of potential crises

From the previous section, we define two potemieles on the natural gas market:

a severely cold winter in Europe resulting in atrexely high demand for natural gas;
higher prices of natural gas due to execution aketgpower by gas-exporting countries.

Cost-benefit analysis of introducing a cap on G roningen production

Definition of a crisis

Above, we defined as a potential crisis a sevarelgt winter in Europe resulting in an
extremely high demand for natural gas. Such asceisuld result in surging gas prices as well
as physical shortages. In this section, we anddgtie type of consequences.

Crisis a: upsurge of the price of natural gas:

The severely cold winter in the North Western péfEurope causes an upward jump in gas
demand. As a consequence, the price of naturahgesases to a level of about 200% of the
normal winter price. We assume that the price ramat this high level for a period of four
months.

Crisis b: physical shortage of natural gas:

Again, due to extreme demand conditions, gas besoewy scarce, causing empty storage
facilities. For additional swing supply, foreignogiucers are approached. In contrast with crisis
a, we assume that flexibility of the gas systemmiable to deliver sufficient swing. In the
beginning of this crisis, prices surge. If priceach certain levels, industries might find it
beneficial to interrupt their gas consumption. Ty relieve the gas shortage to a certain
extent. However, gas demand stems primarily frorallsemd-users, such as residential
consumers, and power companies. Some power congpaight, in response to surging prices,
2 1n this analysis, we ignore differences in quality between gas from the Groningen field and gas from other sources. Taking

the quality dimension into account would complicate the analysis without affecting the results significantly.
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switch their fuel-use generating capacity from fiedled to oil-fuelled, which could relieve the
shortage. Residential consumers, on the contregyhardly able to reduce their gas use
directly. However, the design of the Dutch gas ekndoes allow for an ‘emergency
interruption’. Such a disruption in some partsha grid could be necessary in order to maintain

the balance of the total gas network.

This process of flexibility is illustrated by figei@.3. In the first part of a hypothetical, sewerel
cold winter, domestic production (from Groningem anther fields) and the imports are
sufficient to meet demand. Later on, gas from giesds needed. If the demand stays at a high
level in the remaining part of the winter, theserafies will become depleted. As a result, a part

of the gas demand cannot be served anymore.

Use of flexibility options to serve extr ~ eme gas demand in a hypothetical, severely cold win  ter

November December January February
Himports B production from small fields O production from the Groningen field O storage E shortage

Which region of the Netherlands would be discornegétom the gas network? In order to
answer this question we have to look into the megligtructure of this network. The main
supplier of gas is located in the northern pathefNetherlands (Groningen). If large volumes
of gas are withdrawn from the network without ftdimpensation by new supply, the pressure
within the network decreases. After a certain thoéd the pressure will be too low, making the
remaining gas in the network undeliverable. Sinesgure is at the lowest level at ‘the end of
the pipeline’, gas shortages could loom for regiontte western part of the Netherlands.
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Therefore, we assume that the regions first afteateuld be The Hague, Delft and Westland
and Groot Rijnmond. We define the crisis happeinintis region as follows: a gas shortage
over a period of 24 hours with an average statirap of 3 days.

Definition of the policy option

In general, several flexibility options exist faropiding swing. The major options are
flexibility in production, flexibility in imports ad storage facilities (see appendix 5). In this
chapter, we focus on the role of the Groningenfigés as swing supplier.

As explained above, the ability of the Groningesidito produce swing declines as a result of
depletion. In order to maintain the current leviellexibility of the Dutch natural gas system,
several measures could be taken. Recently, stéaadigies have been developed in order to
compensate for the declining supply from Gronindering winter periods. Moreover, a project
is now under development which will add compressinits to the production site of

Groningen.

Another option to extend the lifetime of this swimgbducer is imposing a cap on the
production from this field. A comparable measureugently included in the Dutch natural gas
act (in article 55 of the so-called ‘Gaswet’). Aadimg to this act, the Minister of Economic
Affairs proscribes the maximum level of productfomm the Groningen field over a period of 5
years®? If a cap on Groningen is imposed, other flexipibiptions could be necessary to serve
winter demand. Consequently, this measure willcaffiee merit order of serving peak demand

described in appendix 5.

In this report, we assume a ceiling on the anntadyction form the Groningen field of 30
billion cubic metre€® Figure 4.4 describes the effect of this cap greadlyi. The production
profile of Groningen is taken from the energy scerzarecently developed by CPB and RIVM
(Bollen et al., 2004§? In our base case analysis, we use the Global Bepsoenario. This
scenario includes a relatively high growth in gamdnd in combination with a full
liberalisation of the European gas market. In arbised gas market, decisions regarding
storage facilities are primarily based on oppottagito make profit. If private firms do not take
into account all costs associated with insufficigenibility, the level of flexibility could be
suboptimal from societal point of view. The figueteows that the lifetime of Groningen in this
scenario is prolonged with about 4 years.

2n his explanatory memorandum, the Minister of Economic Affairs mentions two major reasons for imposing a cap over a
period of 5 years: maintaining the swing function of Groningen and giving certainty about future production levels to the gas-
producing firms.

% The level of this cap is rather arbitrary. For this reason we will also analyse effects of alternative levels in our sensitivity
analysis (see section 4.3.5).

2 Assumptions made are: a remaining recoverable reserve of Groningen in 2004 of 1000 billion cubic metres, an average
annual economic growth in Europe until 2040 of 2.4%, well-functioning and competitive markets within Europe, and absence
of strong environmental policies.
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Production profile of Groningen with and without cap in Global Economy (GE)
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Although full depletion of Groningen will take agpimately 3 decades (in this scenario), the
capability to serve as a (major) swing suppliersesanuch earlier. The ability to act as a swing
supplier depends on several geological charadterist the field, among which the pressure. It
is a law of physics that pressure within a fieldrdases as the quantity of gas diminishes. The
ability to supply swing depends partly on the difece between the pressure in a field and the
pressure in the transport network. “If the pressuitbe Groningen field becomes smaller than
the pressure in the pipeline system, pouring gas'matural way’ (i.e. without instalment of
compression units) through the system becomes isitple% (Peeters, et al., 2002, p. 38). This
relationship between depletion and pressure imgtiasthe swing capability decreases
gradually. However, if the pressure in the Groniméjeld approaches the pressure of the
transport network, the swing capability will be figiple, unless additional investments in
compression are made. Therefore, we need to make assumptions regarding development
of pressure in order to determine the moment Ggemrwill not be able any more to serve as
swing supplier. Given the assumptihshis moment will occur after about two decades.

% Given the current pressure within the field of approximately 180 bar, an initial pressure of 360 bar, a pressure of 80 bar in
the transport network, and a current recoverable reserve of approximately 1000 billion cubic metres, we assume that the
field pressure will approach the pressure of the network if the remaining reserves, which currently are about 1000 billion
cubic metres, approach the level of 400 billion cubic metres.
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The costs of the policy option
Following the framework presented in chapter 2 digtinguish three types of costs: direct
costs, indirect costs and external costs.

Direct costs

Direct costs incurred by a ceiling on productiotdi@ from the delay in cash returns. Given a
constant price, one would economically prefer tbteday rather than in the future. According
to our long-term scenario Global Economy, the ayergas price will be fairly flat at a level of
about 23 eurocent per cubic metre in the comingdes (Bollen et al., 2004). Using that gas
price and a discount rate of 7% (see section &&¥jnd that the total costs of pushing the
benefits of selling Groningen gas further into fimeire amount to 10.6 billion euro. This is
equal to 2.655 billion euro per additional year {Geoningen’s swing capability is extended
(see table 4.1).

Besides these costs, the measure incurs negatte @used by the extended lifetime of the
swing function of Groningen. After all, investmeinisadditional storage facilities can be
postponed. Using data of Bos et al. (2003), wesastese discounted (negative) costs at a
value of 892 million eurd. This is equal to 223 billion euro per additiopaér that
Groningen’s swing capability is extended.

Another potential effect of the policy measureeiated to the functioning of the market. The
restriction on Groningen production reduces indgyengas supply in the European Union
raising the demand for natural gas from non-EU Berg Additional supplies would most
likely originate from Norway, Russia or AlgerianSe the European Union would already be
highly dependent on these three external produmetisat time, this relatively small additional
supply needed from this region will likely hardlffesct market outcomes. Therefore, we do not
guantify this effect: it will be dealt with aspgro memoriaitem.

Table 4.1
Category

Direct costs

Annual costs of policy option  (discounted value in million euro)
Item Value

Costs due to postponement of exploiting the resource 2655
Costs due to the delay in the building of storage facilities -223
Higher European market price due to restriction on Groningen gas p.m.

Indirect costs p.m.

External costs

Total cost

2432

% Bos et al. (2003) reports the costs of building and operating gas storage facilities in Western Europe. Acknowledging that
the costs vary quite widely with the type of storage facility (e.g. depleted gas reserve, salt cavern et cetera), calculations are
based on average costs for all types of potential storage facilities and corrected for size differences. This gives us a proxy
for the real costs of building and operating gas storage facilities in the Netherlands since exact data on potential gas storage
facilities are lacking.
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The total direct costs of prolonging the lifetimeGroningen by four years are approximately
9.7 billion euro, or 2.4 billion euro per additidiygar. These costs are a welfare loss for the

owners of the resource as well as for the poteatialers of storage facilities.

Indirect costs

Indirect costs could only follow from distributi@ifects, since the price of natural gas does
likely not change in response to the implementadibthis policy measure. The distribution
effect will hardly generate affect markets. Congaly, the indirect costs of the policy option

are apro memoriaitem in our analysis.

External costs
As the price of natural gas will be unaffected lhg policy option, consumption of gas and,
hence, emissions do not change when that optiotdvmmiimplemented. Therefore, external

costs are not present.

The benefits of the policy option

Recall that, by definition, benefits of securitysafpply measures only appear if a crisis occurs.
In the absence of a crisis, costs of these typeseafsures will always outweigh benefits. In this
section, we deal with direct benefits, indirect &fis and external benefits of the policy option

in case a crisis does occur.

Direct benefits

If the extremely high gas demand results in surgirices while Groningen is unable to deliver
swing and other flexibility options are also coasied, the Netherlands will have to import
natural gas. As a consequence, domestic consuniepgaya higher price for gas to foreign
producers, which decreases national welfare. Horéfhe policy measure would have been
implemented, Groningen would be able to deliverugioswing supply as long as the crisis
occurs within the prolonged period. The benefitthat policy would be the averting of that
loss of welfare. The discounted value of these tisremounts to 5.6 billion euro.

If the severely cold winter results in a physidabdage of gas, production would come to a
standstill in the above-defined regions over theogleof shortage. The loss of production can
be measured by the so-called Value Of Loss Load (Y3’ Table 4.2 provides the value of
lost load (VOLL) for one houf® Since we are only in the VOLL in the prolongedipérof the
lifetime of Groningen, average VOLL for this pericdcomputed. This table also encompasses
an estimate of VOLL for households. In valuing YHeLL of households, we follow the

% We remind the reader that at the background, the severe cold plays an important role. The water pipe system may be
frosted and heating systems broken down. The total costs of a physical shortage could, therefore, be larger than the extent
of the loss of production. We think, however, that these costs would be relatively small. Therefore, we do not quantify these
effects.

% Our approach here is similar to SEO (2003).
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approach of SEO (2003), corrected for the total memof households in our three regions.
However, we recognise the difficulty of incorporatia correct value of lost production for
households. Therefore, this element will be suliiget sensitivity analysis (see section 4.3.6).
From table 4.2, we infer that a one-hour gas sgertaeans a cost to the whole economy of this
region of approximately 41 million euro per héur.

Table 4.2 Value of lost load (VOLL) within the CORO  P-regions of The Hague, Delft and Westland and
Groot Rijnmond

Branch of industry Number of annual Average annual value added Average VOLL as a result
productive hours according to the Global of the defined crisis, during

Economy scenario over the the period 2019-2023 (in

period of 2019-2023 the Global Economy

(discounted value in million scenario, discounted value

euro) in thousand euro per hour)

Agriculture 8760 4517 516
Food and tobacco 6240 2568 412
Chemical 8760 2227 254
Non-specified 6420 2204 343
Metal- and electronics 8760 1807 206
Oil industry 8760 2266 259
Minerals 8760 1459 167
Utilities 8760 2079 237
Building and construction 2600 5671 2181
Trade and repair 2860 13153 4599
Transport and storage 3650 10956 3002
Financial services 2860 7648 2674
Non-specified services 2860 5988 2094
Health care 3374 8816 2613
Government 3374 15932 4722
Households 3386 57036 16845
Total 144328 41123

Source: own calculations based on SEO (2003) and data of CBS and CPB.

The benefits of the proposed policy option comprige averted losses of load. In calculating
the total benefits, we take into account the faat some branches of industry produce 24 hours
a day, while others produce only 8 hours a daghi;way, we assess the discounted value of
the total benefits to be 509 million euro.

4.3.5 The break-even frequency
From the figures in the previous section, we cailgaompute the break-even frequency (see
table 4.3). This figure expresses at what frequengse-defined crisis will have to occur to
equal costs and benefits of the policy options ($egpter 2 for more details). The break-even
frequencies in cases of both crises are once @/8rgnd once every 0.2 years respectively.

% During daytime, on a working day.
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This means that a price increase of 200% during fmnths (crisis 1) should occur more than
once every 2.3 years to make policy efficient, velasra gas shortage of 24 hours followed by a
72 hour ‘start-up period’ should occur more thaneoavery 0.2 years.

However, since the proposed policy measure belzofitslonging of the lifetime of Groningen
with 4 years, it might be more appropriate to aidfine above mentioned break-even
frequencies to this period. That is, the priceease of 200% needs to occur at least 2 times
during this four-year period, whereas the gas slgerheeds to occur 20 times in order to
approach the break-even point of the suggestedma&roningert’

Table 4.3

Item

Costs and benefits of imposinga capont he Groningen gas field
(discounted values in mi llion euro)
Crisis a: Crisis b:
Price upsurge  Physical shortage

Average annual costs

Direct effects 2432 2432
Indirect effects p.m. p.m.
External effects

Total 2432 2432
Total benefits in case of one crisis

Direct effects 5569 509
Indirect effects p.m. p.m.
External effects

Total 5569 509
Break-even frequency: once every ...years 2.29 0.21

Adjusted break-even frequency: number of times during a period of 4 years 1.74 19.11
4.3.6 Sensitivity analysis

Figure 4.5 and figure 4.6 give an indication of seasitivity of the adjusted break-even
frequencies to the discount rate and magnitudbeottises. The adjusted break-even frequency
is defined as the number of occurrences of a pfieetkcrisis within a pre-defined period of

time at which the present value of the costs opibley option exactly equal its benefits.

% Four years divided by 2.29 is 1.74 and four divided by 0.21 is 19.11.
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Sensitivity of adjusted break-even frequ  ency to magnitude of price increase and discount ra te
(crisis is price upsurge)

150 200 250 300 350 400 450 500

Magnitude of price upsurge (%)

50 100

W discount rate 5% O discount rate 7% Odiscount rate 10%

In figure 4.5, we observe that our result is ratiedust. A price increase of 150% instead of
200% raises the adjusted break-even frequencyitoes in the prolonged period, while a price
increase of 250% reduces it to 2 times within thafyear period. Only a price increase above
the 450% need a break-even frequency of one tirtfeeifiour years to make the policy measure
an efficient one. The adjusted break-even frequappears to be more sensitive to the applied

discount rate at lower levels of price increases.

According to figure 4.6, even a five days interfaptof production needs occur 18 times within
the prolonged period of four year. Moreover, ingput that the applied discount rate cannot
render the policy measure efficient either. Ag#ie, resulting adjusted break-even frequencies
become more sensitive to the discount rate aplibe duration is shortened.

Increasing the duration of the 200% higher prieellérom 4 to 5 months (in case of a price
surge) reduces the break-even frequency to ongg 2v&years or 1.4 times within the four-
year period (see table 4.4). In addition, assuraisgenario with a lower average gas price (20
eurocents) than so far employed (23 eurocents)icesdthe break-even frequency to once every

2 years.
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Figure 4.6 Sensitivity of adjusted break-even frequ  ency to duration of the shortage and discount rate (crisis
is physical shortage)
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Table 4.4 Sensitivity of break-even frequency to as  sumptions
Crisis 1: Price upsurge Crisis 2: Physical shortage
Variant Crisis needs Crisis needs Crisis needs Crisis needs to
to occurat  to occur ... to occur at occur ... times
least once times within least once within four
every four years every years
...years ...years

(A (B) © (®)]
Base case 2.29 1.75 0.21 19.11
Discount rate is 5% instead of 7% 3.39 1.18 0.31 12.71
Discount rate is 10% instead of 7% 1.76 2.27 0.19 21.19

Price increase of 100% instead of 200% 1.14 3.49

Price increase of 300% instead of 200% 3.43 1.16

Duration of price increase is 3 months instead of 4 1.72 2.33
Duration of price increase is 5 months instead of 4 2.86 1.40 . .
Duration of shortage is 3 instead of 4 days . . 0.16 25.47
Duration of shortage is 5 instead of 4 days . . 0.25 16.13
Included VOLL household production is 50% of estimate . . 0.17 23.41
Included VOLL household production is 0% of estimate . . 0.13 30.21
Average gas price is 20 eurocents instead of 23 2.14 1.87 0.24 16.39

Note: VOLL = Value Of Lost Load
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Sensitivity analyses concerning the crisis of ptgisthortage show a different picture: the
break-even frequencies vary more widely (from 13xdimes within the four-year period).
Also noteworthy is the fact that an increase indbeation of the gas interruption to 5 days
gives a 16% decrease in the number of times tiesereeds to occur within the four-year
period. But still, 17 times within four years isryehigh. Loosening our assumptions on the lost
value of household production by stating that &0%6 of normal production would be lost,
raises the adjusted break-even frequency to 24timithin the four-year period.

4.3.7 Conclusions
Capping production from the Groningen gas fieldider to secure supply in a case of extreme
demand in the long term appears to be a highlyresipe measure. The break-even frequencies
of surging gas prices as well as physical shortage®nce in every year. Such a high
frequency of severely cold winters is highly impabke. Despite this conclusion, the question
remains whether capping production from the Groamfield would be efficient if this issue is
analysed from a broader perspective than thataifrigg of supply alone (see box ‘The optimal
use of the Groningen field’). In order to answes tjuestion, additional research should be

conducted.

The optimal use of the Groningen gas field

Economically, the optimal path of depletion of natural resources follows from the development of marginal costs, prices
of the resource, and the real rate of interest (see e.g. Perman et al., 1999). Contrary to most other natural resources, the
Groningen gas field has a specific characteristic that influences strongly the optimal depletion path. That characteristic is
the ability to supply swing, i.e. the ability to adapt immediately the level of production to fluctuations in demand. This
ability is unique and highly valued by consumers. Consequently, the owner of the Groningen field faces the question
how to allocate efficiently his (scarce) resource to swing demand and normal (base load) demand. The former is valued
higher, but both the reward for swing as its volume are fairly uncertain. To make things more complicated, this problem
of optimal allocation is not a discrete one, but refers to a continuum of choice options. Consequently, the key question
regarding the depletion of the Groningen field is not ‘to swing or not to swing’, but ‘how many swing should be

delivered'.

In the base case analysed in this report, we took a rather extreme position on the above continuum of options by
focussing on the delivery of swing in case of an extremely high demand. From the cost-benefit analysis conducted in
this report follows that destining Groningen for this type of swing would be highly expensive. Supplying swing on a more
frequent basis, on the contrary, could be very profitable. Up to now, Groningen has primarily been used to deliver
seasonal swing, while base load production is rather low. The ability of this huge gas field to deliver swing is threatened,
as is described elsewhere in this chapter. The question remains, therefore, to which extent this threat should be
mitigated. For instance, would it be efficient to reduce the delivery of normal seasonal swing in order to increase the
future ability of meeting swing demand above the normal pattern? In order to answer that question, costs of reducing
seasonal swing plus establishing alternative seasonal swing, for instance by extending the number of gas storage
facilities, should be compared to benefits of delivering supra normal swing. In addition to this, attention should be given
to the relationship between swing production by Groningen and production by the other, small fields. After all, extending
the lifetime of the swing producer would positively affect the base load production from the other fields.
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COST-BENEFIT ANALYSIS OF SUBSTITUTING GAS-FIRED ELECTRICITY CAPACITY

Cost-benefit analysis of substituting gas-fired electricity capacity

Definition of a crisis

In section 4.2.3 we identified the risk of an irasieng dependency on imports as being a
potential threat for Dutch security of gas supplyhie long term. The specific crisis subjected
to a cost-benefit analysis is a price increaseséone non-specified reason, the average
European gas price experiences a 50% increase cedmathe expected price level,
continuing for a full year.

Definition of a policy option

The obvious way to reduce the vulnerability to dtsio the natural gas market is to bring
down gas demand. In the Netherlands, three semterthe major users of natural gas:
electricity generation, horticulture and householdse latter two may reduce their gas use
through either taxation or regulation (e.g. stadddor energy use of dwellings). Gas use in the
electricity sector may either be reduced throughdaiction in electricity use (again through
taxation or regulation) or by diverting technigueice away from gas-fired plants. Within the
latter option, we distinguish between a shift todgawind energy, towards coal-fired generation
or towards nuclear powered electricity. Economigaliversification of generating techniques
is a more interesting case then straight regulaife@nergy use, since the latter has a limited
scope. Therefore, we focus on the former.

The options for diversification of generating teicjues have very comparable benefits, as each
option may be expressed as a measure substitutiagual amount of gas-fired capacity. By
substitution, we do not meaeplacemenof existing gas-fired plants by other types of pdan
Instead, our analysis compares the economic coasege between investments in different
newgeneration plants. Moreover, we do not devoteatgntion to the questidiow

substitution is brought about. Rather, we assuraesthme policy measure succeeds in
accomplishing substitution with no other costs ttf@nones described here.

In this analysis, we distinguish between largeeseald small-scale substitution of gas-fired
capacity as the costs of some of the techniquesionexa here are quite sensitive to scale
effects. On shore wind energy is fairly inexpensifavourable locations are used. After these
locations have run out, costs increase rapidlyicatthg that large scale expansion of wind
energy comes at high costs. For nuclear power®wottiier hand, positive economies of scale

are likely to be gained because of huge fixed costs

For small-scale substitution, we link up with aagetproposal from the Dutch political party
GroenLinks™ This proposal mentions several locations for winthines, adding up to a

% See CE(2003) for a description of this proposal.
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capacity of almost 1000 megawatt. This is equiviaiethe substitution of roughly 288
megawatt of gas-fired capaciyThese locations are taken into account by CE (pana

prove to be fairly cost-effectivE.In the case of large-scale substitution, we agbessffects of
substitution of 1000 megawatt of new gas-fired c#paAt this size, scale economics for most

techniques are exhausted.

The costs of the policy option
Like in the other sections in this report, we digtiish direct cost, indirect costs and external

costs.

Direct costs

Obviously, costs of generation constitute a majarat cost. We use figures from OECD

(1998), the only source where costs of differeahtéques and different countries are
considered on a uniform basis. Appendix 5 offefaidy elaborate discussion on generation
cost figures. This paragraph gives only the resifltsat discussion. A gas-fired plant has costs
of 4.2 eurocents per kWh. Costs of coal-fired gati@n are 5.3 eurocents per kWh, whereas
the nuclear option has the highest generation cast9 eurocents per kWh. Note that nuclear
power is sensitive to economies of scale, so thsiiscat a scale of 288 megawatt may be even
higher than the figure presented here. Generatists dor wind power are also very sensitive to
scale effects. Generation costs for wind poweh@édmall scale case are as low as 5.2 eurocent/
kWh. At large scales, investments in wind energynaary likely to be off-shore investments, so
we use the costs of off-shore wind electricity asipper bound for costs. We assume that the
remainder of required capacity has linearly indregasosts, ranging from the lower bound of
5.2 eurocents per kWh to the upper bound of 7.acaunts per kWh. Because of the assumption
of linear increasing costs, average costs are eléfis the unweighted average of the upper and
lower bound, 6.1 eurocents per kWh. Using thisrigior the remaining capacity and 5.2
eurocents per kwWh from the small-scale substitut@se, we arrive at an average cost figure of
5.9 eurocents per kWh.

%2 As wind turbines demand specific wind conditions — the speed has to be between a minimum and a maximum value - , we
have to correct wind turbine capacity for the number of working hours normally to be expected. In the Netherlands, 1000
megawatt of wind turbines are equivalent to 1.895 TWh of production per year. As gas-fired plants are sometimes
unavailable as well (OECD, 1998 mentions a settled down load factor of 75%) roughly 288 megawatt of gas fired capacity is
needed to deliver this production.

% More precisely, all but the single smallest site proved to be cost-effective. The smallest site, with only 6 wind turbines, is
deleted from our analysis.
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Choosing the discount rate

In order to determine the appropriate discount rate, we use the rule of thumb discussed in Section 2.6. A policy option
aiming at substituting investments from one type of plant to another is comparable to a private project of investment in
generation capacity. Although investments in generation capacity are generally not aimed at decreasing the vulnerability
for gas price shocks, the generation capacity build as result of this policy will primarily be used for normal production,
just as any other power plant. This implies that we should use the same discount factor as in the case of usual
investments in power plants. Current uncertainties in electricity markets, both with respect to future climate policies and
to the effects of a further integration of European markets, urge producers to use a fairly high discount rate. The most
important reliable source for electricity cost figures, OECD (1998), offers the choice between 5 and 10 percent. Given

the uncertainties mentioned above, we use the figure of 10 percent here.

As wind energy is not available all of the timeal$o incurs costs for backup. The effect of
unavailability is already reflected in generatiasis, but this does not take into account the
security aspect. Although an average wind farm pritiduce electricity for 92% of the time,

one must keep in mind that a large share of wiredggnin total electricity production would
make the system more vulnerability. For a wind inglio be exactly as secure as a gas plant, a
spare power plant would have to be available aheftime. To compare the techniques on a
similar basis, we add costs for capacity backupcctists of keeping a gas-fired plant of 288
megawatt available as a backup in case the winsesda a peak peridd Following the before
mentioned OECD-publication, these costs may be ctedpto be 1.4 eurocent/kWh, regardless
of the scale.

The third direct cost item to be discussed consistse cost of legal procedures. Legal costs
amount to 200 thousand euro for an average on stinteenergy project, according to CE
(2003). These costs include costs of external lagsistance and environmental-effect
assessment studies, as well as costs of develagpehours and costs of advice on spatial
zoning plans. As there are 6 locations for plamthé measure, we multiply these costs by 6.
We assume that no legal costs apply to offshore wirbines. Further, we assume that building
a nuclear plant needs similar procedures. We t&ke @pper bound of 350 thousand euro
because, in that case, the procedure will probladlgomplicated. A single plant suffices here,
so we do not have to multiply the figure.

Changing the technique mix in the market for eleityr has some effects on market outcomes
as well. These effects are likely to affect welfame top of the cost effects, mentioned before.
Nuclear power, coal-fired electricity and wind pawedl have high capital costs and low
marginal costs relative to gas-fired electricithiSTinfluences the role of scarcity in the market
and in the process of price formation, impactinthitbe amount and the division of welfare in
the market. We use our model of the European @égtmarket (see Appendix 5) to assess

these effects.

% We assume that keeping a backup requires investment costs, as well as half of the normal operation and maintenance
costs.
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As the costs of substitutes are higher than thbga®fired electricity, electricity prices will

rise somewhat. This effect is not caused by areas® in marginal costs, since gas-fired plants
are the marginal units. The investment costs fat,apind and nuclear power are larger than for
gas power, leading to a lower level of investm#nis increasing scarcity. The increase in
scarcity causes prices to rise, which in turn leadewer quantities and, therefore, reduce
welfare. Since the amount of capacity substitusaelatively small, welfare effects will be
limited. For the large-scale substitution casey tire 0.4 million euro a year, for the small-
scale substitution case, the effects are lessGHamillion euro.

The tables 4.5 and 4.6 summarise the annual avefdge present value of direct costs of each
alternative option

Table 4.5 Average annual costs of small-s cale substitution

(direct effects, discoun ted values in million euro)
Item Wind Coal Nuclear
Additional costs of generation 2.8 3.3 5.0
Costs of capacity backup 3.9 - -
Legal costs 0.2 - 0.1
Welfare effects of changes in electricity market 0.0 0.0 0.0
Total direct costs 6.9 3.3 5.1
Table 4.6 Average annual costs of large-s cale substitution

(direct effects, discounted values in million euro)
Item Wind Coal Nuclear
Additional costs of generation 16.6 115 17.4
Costs of capacity backup 13.4 - -
Legal costs 0.2 - 0.1
Welfare effects of changes in electricity market 0.4 0.4 0.4
Total direct costs 30.6 11.9 17.9

Indirect costs

The welfare effects on the electricity market, althh small, also have their effect on the
economy as a whole, through higher producer paoesshifts between production factors,
causing friction costs. These costs are practi@ahp in the case of small-scale substitution and
have an annual average present value of 0.1 m#lizn in the case of large-scale substitution

for all policy options.
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Pricing external effects: the case of CO  »-emissions

As, by definition, external effects are not priced by markets, shadow prices have to be used in order to give these effects
full attention in a cost-benefit analysis. Since CO»-emissions constitute the major external effect related to the use of
(fossil) energy, we would like to incorporate this effect numerically in our calculations. The key question then is which

shadow price should be used?

Theoretically, three cost approaches of determining the shadow price of CO, emissions exist: the costs of damage, the
costs of adaptation, and the costs of mitigation. In the first approach, the shadow price of the marginal unit of emissions
is based on the marginal damage costs. It is hardly possible to assess these costs, as the effects of the emissions on
climate and, hence, on conditions for life on earth appear only in the (very) long term and, in addition, the precise causal
relationship among these quantities is all but perfectly known. Due to the fact that we have insufficient knowledge about
future damage costs of growing carbon concentration in the atmosphere, calculating the costs of adaptation to new
climate conditions is also problematic. Therefore, the third approach, directed at mitigation costs, is usually followed.

Mitigation costs are easier to calculate, but the marginal value and, hence, the future shadow price is fairly uncertain.
This value depends, generally spoken, on expectations regarding costs of future mitigation techniques, firstly, and
governmental policies directed at reducing the emissions secondly. The first component can be described by marginal
mitigation cost curves showing a set of mitigation techniques ranked by the costs of reducing one unit of emission.

One of the techniques available to reduce the emissions of CO, is storage. The marginal costs of this technique
(including the costs of removing, transporting and storing) are assessed at 6 to 16 euro per ton (UCE-UU, 2002).
Although this technique is politically not accepted up to now, it is conceivable in a scenario such as Transatlantic

Market.

Techniques directed at energy saving generate higher costs in the Netherlands, as many cost-effective saving options
have been taken yet. The costs of reducing emissions will, however, be rather low if an international emissions trading
scheme will be implemented, as is the case in our Strong Europe scenario. In that scenario, the (shadow) price of CO,
is approximately 10 euro per ton in 2010, but will rise sharply due to the (assumed) tightening of the ceiling in the

following decades.

External costs

As generation techniques differ in the extent ofssions per unit of output, diversifying the
power sector incurs external effects. To compasefigad and coal-fired generation with O
free nuclear and wind energy, we assume thati€@moved (see the box ‘Pricing external
effects: the case of Ge@missions’). The costs for removing, transporang storing C@are
then added to the generation costs of coal-firedtetity, using assumptions similar to those
used in OECD (1998). The DACES —database (UCE-W022gives a cost-range for GO
reduction of 6 (large scale) to 16 (small scalepger ton. Assuming a settled down load
factor of 75 percent and thermal efficiency of d®0 percent, this boils down to 0.4 to 1.4
eurocents per kWh for coal. In the case of natymal having a lower carbon content per unit of
energy, we find CO2-removal costs to range from @d20.81 eurocents per kWh. We use the
upper bounds of these outcomes. The average aprasant value of the emissions of a 288
megawatt gas plant may be calculated to amounBtonfllion euro (see table 4.7). Carbon free
generation techniques avoid these costs. For gptaratl, the figure is 3.8 million euro, leading
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to net external costs (again, the average annaeaépt value) of 1.5 million euro. For the large
scale case, the average annual present value efrtissions amounts to 7.9 million euro for a
gas plant and 13.2 million euro for a coal plar@|ding net costs of 5.3 million euro (see table
4.8).

Both gas and coal plants emit other pollutants,(Bi@ SQ), even if CQ is removed. We use
2010-figures from Gijsen et al. (2001, page 6)ltain emission factors (for coal: 514 ton
SO/TWh and 707 ton N@TWh, for gas: 168 ton N@OTWh) and combine it with a shadow
prices of 4 euro per kilo for S@nd 4.5 euro per kilo for N@source: www.ce.nl). In the small
scale case, the average net present value ofthsteamounts to 1.4 million euro for gas and
6.6 million euro for coal. For the large scale cakese figures are 5 and 23 million euro
respectively. The external costs from nuclear wastkthe risk of accidents are already present
in the generation costs figures, as they also aootssts for waste disposal and insurance, the
latter reflecting the expected costs of liabilitgims (see appendix 6). Table 4.8 summarise the
annual average of the present value of externa ed®ach alternative option.

Besides carbon-dioxide emissions, production aftadty can generate other external costs.
Wind turbines have a negative visual impact andgeawise nuisance. Based on CE (2003), we
calculate this impact to be equivalent to 2.3 willeuro (0.3 if discounted over the entire
period) for the small scale case (see table 4.8 agéume that the external costs for offshore
wind turbines are negligible, so we use the sagurdi for that large scale case.

Average annual external costs  of small-scale substitution (discounted value in mi llion euro)
Wind Coal Nuclear
Costs of CO,-removal -23 1.5 -23
External costs of other pollutants than CO, -1.4 5.2 -1.4
External costs of noise nuisance and visual impact 0.3 - -

Total external costs - 34 6.7 -3.7
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Table 4.8 Average annual external costs  of large-scale substitution (discounted value in mi llion euro)

Item Wind Coal Nuclear
Costs of CO,-removal -7.9 5.3 -7.9
External costs of other pollutants than CO, -5.0 18.0 -5.0
External costs of noise nuisance and visual impact 0.3 - -
External costs of nuclear waste and risk of accident - - p.m.
Total external costs -125 23.3 -12.8
444 The benefits of the policy option

As discussed in chapter 2, we note that the bengffithe policy options occur in the case of a
crisis. The crisis, as described in section 4 @sists of a 50 percent increase in the price of
natural gas for a full year. The benefits listedhis section are conditional on such a crisis.

Direct benefits

Two types of direct benefits follow from the polioptions described here. First, the cost
increase coming from the gas price surge is pasbided. Second, welfare effects follow from
the reduced increase in prices.

In case of a gas price shock, the costs of gag-fitectricity increase. In all policy options
considered here, the amount of gas-fired capasitynaller, leaving the system less vulnerable
for such a price shock. The benefits of substiguéircertain amount of gas capacity can easily
be calculated by multiplying the substituted cafyaloy the increase in gas-fired costs. An
increase of 50 percent in fuel costs for a gagHpkant boils down to a cost increase of roughly
1.3 eurocent per kWh. If the gas price shock lasta full year and small-scale substitution
should be in place, the annual benefit is 23.4ionileuro; the average discounted value of this
benefit equals 3.5 million euro (see table 4.9).tRe large-scale substitution cases, these
figures amount to 81.2 and 12.1 million euro resipely.

In the previous section we stated that the teclnigix in the market influences market
outcomes. This implies that the technique mix $® dikely to influence the impact of a crisis
on that market. Again, we use our model of the Ream electricity market to assess the
effects. Substitution dampens the cost effect efstiock and, therefore, keeps down prices
somewhat. Like in the base case, the immediatetaffdairly small, as gas-fired power
remains both the dominant and the marginal teclenieeping down prices relative to the
base case implies that quantities are somewhaghtphn in the base case, so that welfare is
higher. Model simulations suggest that the ordenafnitude is 0.3 million (present value: 0.1
million) euro for the small scale case and 2.3igil(present value: 0.5 million) euro for the
large scale case.
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Table 4.9 Direct benefits of small-scale  substitution (discounted value in million euro)
Item Value
Avoided increase in costs of gas-fired electricity &3
Welfare effects of changes in electricity market 0.1
Total direct benefits 3.6
Table 4.10 Direct benefits of large-scale  substitution (discounted value in million euro)
Item Value
Avoided increase in costs of gas-fired electricity 12.1
Welfare effects of changes in electricity market 0.5
Total direct benefits 12.6
Indirect benefits
Like before, the welfare effects on the electricitarket have an effect on the economy as a
whole: the indirect benefits. These benefits agh hélative to their counterparts on the cost
side, as a sudden shock hurts more than a gradoalipcrease. Nevertheless, their value is
guite small: the present value of the indirect ighamounts to less than 0.1 million euro in the
small scale case; in the large scale case, theeoidienefits are 0.2 million euro.
External benefits
For the sake of completeness we take externaltsefiietp account, as we did with the costs (for
computation: see section 4.4.3). The effects folimmn the small (avoided) decrease in
electricity consumption are well below 0.1 milliearo in all cases.
445 The break-even frequency

From the figures in the previous section, we cailgaompute the break-even frequency (see
tables 4.11 and 4.12). This figure expresses at fsbguency a pre-defined crisis will have to
occur to equal costs and benefits of the policyomgt(see chapter 2 for more details).

The results from the table show that the break-drezyuencies for all policy options are high,
implying that the policy options are probably na@ble. In most cases, it requires more than an
annual crisis to render the policy option econoithicgound. Taking into account that the crisis
is defined as a gas price increase of 50 percerat fiall year, we may state that this is highly

unlikely.
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Table 4.11 Costs and benefits of small-sc  ale substitution within the power sector
(discounted value in mi llion euro)

Wind turbines  Coal-fired plants Nuclear plants
Average annual costs
Direct effects 6.9 8.3 5.1
Indirect effects 0.0 0.0 0.0
External costs -3.4 6.7 -3.7
Total 3.5 10.1 1.4
Total benefits in case of one crisis
Direct effects 3.6 3.6 3.6
Indirect effects 0.0 0.0 0.0
External costs -0.0 -0.0 -0.0
Total 3.6 3.6 3.6
Break-even frequency
Once every ... years 1.01 0.35 2.59
Table 4.12 Costs and benefits of large-sc  ale substitution within the power sector

(discounted value in m illion euro)

Wind turbines  Coal-fired plants Nuclear plants
Average annual costs
Direct effects 30.6 11.9 17.9
Indirect effects 0.1 0.1 0.1
External costs -125 23.3 -12.8
Total 18.1 35.3 5.0
Total benefits in case of one crisis
Direct effects 12.6 12.6 12.6
Indirect effects 0.2 0.2 0.2
External costs -0.0 -0.0 -0.0
Total 13.8 13.8 13.8
Break-even frequency
Once every ... years 0.70 0.36 2.53
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4.4.6 Sensitivity analysis
The analysis in this chapter uses a great deasafraptions, urging the need for a sensitivity
analysis. We test for the sensitivity for the disabfactor, the external costs related t0,CO
emissions, the severance of the shock, the gas, phnie load factor of power plants and the
capital costs of nuclear power. The latter is sated by bringing down capital costs for nuclear
plants by 1 cent per kWh (at a 75% settled dowd faator). Because of scale economies in
nuclear power, such cost savings (making a nugleait as less capital intensive as an average
French nuclear plant) can only, if at all, be r&edi in the large scale case.

Table 4.13 Sensitivity of break-even freq uency of small-scale substitution to assumptions

Variant Wind turbines Coal-fired  Nuclear plants

plants

Base case 1.01 0.35 2.59

Discount factor 5% instead of 10% 0.81 0.49 1.59

Shadow price of carbon dioxide 10 instead of 16 euro/ton 0.81 0.38 1.60

Shadow price of carbon dioxide 50 instead of 16 euro/ton -2.77 0.27 -1.03

Increase of gas price 100% instead of 50% 2.01 0.71 5.18

Level of gas price 10% higher than in baseline scenario 1.27 0.38 5.58

Level of gas price 20% higher than in baseline scenario 1.72 0.42 -36.49

Settled down load factor of 90% instead of 75% (wind remains at 30%) 0.87 0.37 -303.16

Table 4.14 Sensitivity of break-even freq uency of large-scale substitution to assumptions
Variant

Base case 0.70
Discount factor 5% instead of 10% 0.60
Shadow price of carbon dioxide 10 instead of 16 euro/ton 0.61
Shadow price of carbon dioxide 50 instead of 16 euro/ton 9.14
Increase of gas price 100% instead of 50% 1.41
Level of gas price 10% higher than in baseline scenario 0.82
Level of gas price 20% higher than in baseline scenario 0.98
Settled down load factor of 90% instead of 75% (wind remains at 30%) 0.64
Costs of nuclear 1 cent/kWh lower (at 75% settled down factor) 0.70

Wind turbines Coal-fired plants

0.36
0.50
0.39
0.27
0.73
0.39
0.43
0.38
0.36

Nuclear plants

2.53
1.58
1.60
-1.09
5.06
5.12
-221.43
53.21
-3.05

The sensitivity analysis shows that the numeriedlies of our outcomes for wind and coal are

fairly insensitive to changes in the assumptioesg (ables 4.13 and 4.14). The conclusion from

the break-even frequency, being that the policieaialikely to be economically viable, is

unaffected by most assumptions. Only if the carfftadow price is at a high level, the break-

even frequency becomes negative for small scald parwer. This implies that the policy is

viable as environmental policies rather than ségofisupply policies.
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The picture is somewhat more differentiated forleacpower. Changing the assumptions on
the carbon shadow price, the gas price level,dhd factor and capital costs, yields a picture in
which nuclear power is either cheaper than gasHi@wver (negative net costs causing a
negative break-even frequency), or an attractiierraative > The latter is the case for large-
scale substitution with a consistently high loactda the substitution policy is viable if a crisis

is expected once every 53 years.

Conclusion

This chapter calculated the costs and benefitslugtituting investments in new gas-fired plants
by investments in new wind turbines, coal-firednpdaor nuclear plants, distinguishing between
small (288 megawatt) and large (1000 megawattpsddle expected benefits of this type of
substitution are that electricity prices will bedevulnerable to shocks in gas prices.

The break-even frequencies for all defined poliptians are high, implying that these policy
options are not economically viable. Sensitivitalgsis shows that this conclusion is fairly
robust for wind and coal-fired power. For nucleawpr, changing some of the assumptions
changes the conclusion dramatically. Investmentaigiear power plants could be efficient if
the latest techniques would be used, in combinatitiman exceptionally high load factor.

Apart from the break-even frequency, we need tessswhether there is a reason for
government intervention. In the absence of markikire private parties would be able to take
care of the policy themselves. In this case, atcand benefits are directly related to electricit
production and the only market failure present mia®f the external costs of electricity
production. After all, the indirect effects seenbnegligible. Note, however, that ignoring the
external, environmental costs would induce priyegies to implemernoresubstitution by
coal-fired plants rather thdess This implies that government intervention, if amypuld be to
discourage this type of substitution. Wind powed,atepending on the valuation of external
costs of waste and accidents, nuclear power, manbeuraged from an environmental point of
view, but one should keep in mind that the reasomdvernment intervention is not security of

supply in this case.

* see Appendix 4 for more details on electricity generation costs.
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INTRODUCTION

Electricity market
Introduction

In the ongoing process of liberalising electriaitarkets around the globe, concerns have risen
whether supply would still be secured in fully libksed markets. Several incidents have
strengthened the fear for blackouts, urging pali@kers and researchers to look for
instruments to retain security of supply. Like e other chapters, we assess the economic
consequences of policy options given a well-defidesign. Consequently, we do not aim at
finding the socially optimal amount of capacity,iefhis a common feature in economic

literature on capacity planning.

This chapter begins by describing some historicugisons in the electricity market and
analysing potential risks for the near future (gacb.2). The definition of two conceivable
crises on the electricity market concludes thigisacAfterwards, we conduct cost-benefit
analyses of two policy measures. First, we andlyseosts and benefits of increasing
reliability of electricity generation (section 5.3)ext, we assess the economic consequences of

raising the levy on consumption of electricity (e 5.4).
Analysis of risks

Historical evidence on risks

The most striking event relating to a crisis in #hectricity market is obviously the California-
crisis in 2000 and 2001. Soaring wholesale pricghng blackouts and even more near-
blackouts focused the world’s attention on the gtdibility of electricity production. Recent
outages in the US, Canada, England, Scandinaveeed8rand Italy (twice) have emphasized
the importance of electricity for modern day sogifithe causes of these crises vary widely.
The Californian crisis was caused by a combinatioweather conditions and faulty design of
regulations (see the box ‘What went wrong with foatiia’s restructured electricity market?’).
Technical problems were the major cause of the bugmge in the Northeast of the US and the
Southeast of Canada in 2003. In that year, an @tlyswot summer contributed to several

electricity crises in Europe.

In Greece, the hot summer months in 2003 boostedales and use of air-conditioning
equipment, causing blackouts. We may interpret suctisis as a (presumably unexpected)
demand shock. Producers had anticipated a loweaétevel in their investment decisions,
leaving them with insufficient capacity when demanidged. The same happened in Italy, be it
that supply factors played a role here: coolingavatoblems and technical accidents

respectively.
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What went wrong with California’s restructured elec tricity market?

The electricity market in California was deregulated in 1998, after which wholesale trades were opened to competition,
while retail prices remained to be regulated by the California utility regulator, CPUC. The market seemed to work well
during the first two years. However, in May 2000 wholesale electricity prices in California exploded. High prices
persisted over the summer, bringing distribution companies (IOU’s) into financial difficulties. After the summer, two
I0U’s appealed to the CPUC to raise retail prices, but this was refused. Continuing to experience cash-flow problems,
the IOU’s suspended payments to electricity producers. No longer being paid for their output, producers began to shut
down their units. Production unit outages, which were stable in the summer 2000, rose rapidly during the November-
March period of 2000-2001. In January 2001, the California ISO had to curtail firm loads several times due to a system
shortage of available capacity. Only after the California Legislature finally passed Assembly bill IX, allowing the State
government to take major purchasing responsibilities from the financially moribund utilities, the situation began to
stabilise. The supply crisis was largely resolved in late May. The economic consequences of the lack of sufficient
competition retain.

Joskow and Kahn (2002) present an empirical analysis of the factors that caused the high electricity prices in the
summer 2000, comparing to 1998 and 1999. They conclude that ‘market fundamentals’, such as increases in gas
prices, increased demand, reduced availability of power imports, and higher prices for emission permits, contributed to
significantly higher wholesale market prices in California in 2000. However, the change in market fundamentals does not
fully explain high wholesale prices observed in the summer 2000. In particular, Joskow and Kahn mention the possibility
that producers withheld capacity to drive the prices up. Although the latter possibility might be overstated, the point is
that the market power exercised during the summer of 2000 produced financial conditions that led to supply crisis. As
Bushnel (2004) describes: “...the market power of producers which exacerbated by the tight market conditions during
the summer of 2000 combined with inflexible regulatory policies at the both Federal and State level to create financial
crisis. The financial crisis in turn led to the blackouts experienced during the winter 2000-2001. These involuntary
interruptions of service are what defined the period as a crisis, rather than just a period of market instability.”

What was wrong with the market design in California? Wolak (2001) calls conflicting regulatory policies to be the primary
reason why deregulation did not bring benefits to the customers. On the federal level, the objective was to create
wholesale electricity markets, leading that FERC, gave electricity suppliers discretion over how they bid and operate
their electricity generating facilities. At the same time, the state regulator tried to balance the competing pressure from
different consumer groups and remnants of the formerly vertically integrated monopolies. In California the latter resulted
in freezing retail prices and requiring that the utilities restrict their trades to the Power Exchange. As concluded by
Wolak (2001): “The market conditions that result from this combination of regulatory policies create significant
opportunities for generation units owners to earn enormous economic profit for sustained period of time, as occurred in
California from May 2000 to May 2001.”

Another example from Europe’s hot summer can baddn The Netherlands. Many of the
Dutch power generators are cooled using water fieens rather than cooling towers. As the
hot summer continued, temperatures of river wasexdr The temperature at which cooling
water is allowed to be discharged back into thergvs regulated however, since too high
levels are detrimental for fluvial life forms. Prazkrs had to tune back their plants to limit the
cooling water’s temperature, thus decreasing theahavailability of electricity generating
capacity. No blackout occurred here, but pricekgeaé@n the spot markets (see figure 5.1). We
interpret this crisis as an unexpected shock iilahifity of capacity, noting that producers

were likely to have a higher availability in mindhan making investment decisions.
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In the United States and Canada, a series of ieiggiplant break downs caused a huge
blackout for more than a day throughout the Noheathe US and the Southeast of Canada.
Like the previous example of cooling water in Thetiherlands, we may interpret this crisis as

an unexpected reduction in availability of gen@gtapacity.

Assessment of future risks

The abovementioned disruptions on electricity miarkave raised worries about the potential
impact of liberalisation of these markets on sagwi supply. The key issues are whether
liberalisation would lead to strategic behavioupofver producers, resulting in higher
electricity prices, and insufficient investmentpitmduction and transmission capacity,
resulting in higher price volatility and more blacks.

It is yet unclear whether all Europe’s nationaktieity markets are to open up, to what extent
and at what speed. A slowdown in opening up natiowzakets is likely to hamper the
formation of a single European market. The singiekeat is needed to facilitate increased
competition between producers from different caestrthus diminishing market concentration,
which is currently fairly high at the national seaRs a reaction to European markets opening
up, however, a process of mergers and take-overssst have started up among European
electricity generators. Such a process would unghailyplead to higher concentration and thus
hinder competition (Speck et al., 2003). The resctif national and European competition
authorities is mild for now, but may toughen ascamiration increases further.
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A necessary condition for an integrated Europeaatetity market is a sufficient supply of
trans-border transport capacity (Joskow et al.0208long many intra-European borders,
capacity is now expanded. It is, however, not cledmwhether expansion will continue and
whether investments will indeed be sufficient tadeo an integrated European market. In
addition, harmonisation of policies regarding asdesthe grid is needed in order to get fully
competitive markets. If these conditions are ntisBad, electricity producers could be able to
influence market outcomes, for instance, by witbimaj generation capacity which may drive
up prices.

The other major risk facing the electricity markegards the level of the reserve capacity. The
opening up of the European markets decreasesldiweesize of the necessary reserve
capacity. It is, however, questionable whetheragigvirms have sufficient incentives to invest
in capacity which will hardly be used. Normal (edgily) peaks may be met by generators with
low fixed costs, but a supra-normal (say once-a)ygeak requires a very high price to
guarantee cost recovery. Incentives in a liberdledectricity market may be insufficient to
make sure that capacity will always meet peak denf@neen, 2003; Oren, 2000). The major
problem in this context is that generation capafatysupra-normal peaks is uncertain to be
deployed and stands idle for so often, not germegatvenues for its owner. This implies that it
is not economically feasible, let alone profitaliebuild these plants. A lack of sufficient supra
peak capacity may lead to a crisis if demand sugidrmges, or if the availability of capacity is
suddenly limited.

Definition of potential crises

From the above assessment of future risks, weeléfin different kinds of crises:

a short-living extreme surge in demand or unexpkst®ck in the availability of capacity,
resulting in price spikes or blackouts;

a longer lasting increase in the average levéi@fiower price due to execution of market
power by producers.
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5.3.1

5.3.2

COST-BENEFIT ANALYSIS OF INCREASING RELIABILITY OF ELECTRICITY PRODUCTION

Cost-benefit analysis of increasing reliability of electricity production

Definition of a crisis

In the analysis in this section, we simulate aigiisthe availability of capacity. To mimic the
‘Dutch cooling water crisis’, we bring down the dahility of all fossil-fuel fired generating
capacity (about 84%f total capacity) from 75% to 65%. Our next quastivould be what the
implications of such a crisis might be. If the meffkresponds adequately, prices will spike
during the crisis, causing large distribution eféedut small welfare effects. If capacity is
insufficient and demand is unable to respond toegpsignals in a timely manner, a decrease in
the availability of operational capacity may indcsystem break down, causing blackouts.
These blackouts will probably be regional by naasehe network operator disconnects certain
groups or regions from the grid. These blackoutsedarge or even very large welfare effects.
We define this crisis here as a 24-hour blackouttfe Randstad area.

Definitions of the policy options

The obvious solution to the problem described engrevious section is to make sure that
(supra-normal) peak capacity is rewarded for bewgjlable, rather than for its output alone.
Three main types of measures are considered’here

capacity markets;
reserve contracts;

capacity payments

The first two aim at increasing spare capacityl@cteicity markets? The third measure aims at
increasing production capacity in general.

In capacity markets, the transmission system ope(at some other central actor, such as
government) requires traders to back their own peadk plus a proscribed level of spare
capacity with contracted capacity. Traders, forynllhd-serving entities, are the ones that sell
the electricity to end-users, acting as interméesaon the electricity market. Their position in
the market makes them a logical point to enforcapacity requirement. Traders are allowed to
trade bilaterally units of capacity, which creatgdormal or informal) capacity market,
generating revenues for production capacity, ef/gris not dispatched. The market mechanism
makes sure that spare capacity is offered by thos#ucers that can do it in the most efficient

% ‘The market' includes back-up options like variable capacity, the unbalanced market and emergency import arrangements.
%" butch government also holds another option under consideration, called reliability contracts. This option will not be
analysed here, as it has some aspects that are hard to analyse within our framework. Two aspects that are particularly hard
to quantify are the possible effect on capital costs through a reduction in uncertainty and the possible windfall profits from
gaming in the auction process that are specific to reliability contracts. See Lijesen (2004) for details.

% we fit the amount of spare capacity to the crisis defined in this chapter. This does not inly any statement on the optimal
level of spare capacity. See also the caveats of this research discussed in Chapter 7.
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way. The market mechanism also makes sure that sppacity in excess of the requirement
does not receive any payments. The combinatiorrefjairement to hold spare capacity and
allowing agents to trade units of spare capacitiggaaure that spare capacity generates
revenues, making it economically viable to havesgapacity available.

Recent experience in the US has shed some ligthteoworking of capacity markets. The
Pennsylvania-Jersey-Maryland (PJM) Interconnedtistalled Capacity (ICAP) requirement
and market is often cited in the literature. Hobale(2001) conclude that under the assumption
of a competitive market, the PIM-ICAP system islijito induce sufficient capacity

investment, without increasing the long run cogp@iver. Stoft (2000) notes that the
assumption of a competitive market does not hottithat the capacity market ‘...has provided
yet another arena for the exercise of market poiep. cit., p. 8). Furthermore, capacity
markets could likely import price spikes from ndighiring regions without an ICAP-system in

place.

The measure proposed here differs from the PIMesysThe key difference regards the fact
that producers in the PJM system are allowed tdhese spare capacity for exports, but these
exports will be cancelled if a crisis occurs. Télisment of the system is hard to imagine in the
European situation, where cancellation of expodsldl meet strong opposition. In the system
described here, spare capacity is left idle untilisis occurs. Note that this raises the security
of supply, as there is no risk of exporting seguiiut, at the same, it decreases the efficiency of
the system.

In a system of reserve contracts, the TransmisSystem Operator (TSO) buys production
units from producers, extracting these reservas fise for generating electricity for the regular
market. Prices may be set by auctioning. The sysigenator can dispatch the spare units in
case of an emergency. The costs of keeping sppeeitaare charged to consumers using the
system fee. Like in the case of capacity marketpage-capacity requirement is set (now by the
TSO), and an efficient pricing mechanism is useth#dke sure that spare capacity generates
revenues. In this case however, the pricing meehaig an auction rather than a market and
the system operator is the one to buy the spamcdsp

A system of capacity payments give generators anegiawatt payment for all capacity they
hold available, regardless whether it is spareigpaiched. Systems such as this one are in
place in Spain and several Latin American counffiéote that payments are basediatal
capacity, rather than spare capacity. The paynverrts as a general subsidy on capacity,
inducing a higher supply of generating capacitnc8icapacity now needs a lower load factor
to be profitable, construction of capacity for asmormal peaks may become economically

* Oren (2000). A similar system was recently abolished in England & Wales.
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viable as well. Payments are collected as a chargesasing electricity prices in all periods.
Picking the level of capacity payments is a fa@tpitrary process. Loosely following Ford
(1999), we choose a level that corresponds witimitial charge of 1 eurocent per kWh.

Ford (1999) argues that capacity payments will n¢business cycles in capacity investments,
thus preventing price spikes. His theoretical mpassuming perfect competition, predicts that

long run prices will not rise. Oren (2000), on tither hand, shows that capacity payments are
an inefficient way of promoting supply adequacyd amore efficient alternatives are almost

always available.

The costs of the policy options
This section lists the costs of each of the paliptions, distinguishing direct, indirect and

external costs.

Direct costs
The direct costs comprise several cost items, iitiqodar: capital costs of excess capacity,
welfare effects of changes in electricity markeig &#ransaction costs.

Capital costs result from the fact that a certamoant of spare capacity is retained to absorb
shocks in demand or availability. These idle ugéaerate capital costs, as the capital invested
in them is not available for other (profitable) @s¢ments. In the case of reserve contracts and
capacity markets, the amount of spare capacitgtisrchined by the regulator. We assume here
that the regulator sets this level at 15% of nonpealk demand, boiling down to an average
annual cost of 128 million euro (see tables 5.138Y This level approximates that of the
PJM-system, which is somewhat higher, but decrgasier time (from 20% in 1999 to 18% in
2003) (Hobs et al., 2003).

Note the difference between these options witheesip foreign and domestic producers. In
the case of capacity markets, all suppliers oftetgéty are obliged to hold or contract spare
capacity. Foreign suppliers (or producers, theediffice is not important here), will bear the
costs of ‘their’ part of this spare capacity (23limm euro per annum), no matter whether they
hold the spare capacity themselves, or contraatihe Netherland® In the case of reserve
contracts, all spare capacity is assumed to béddand contracted in the Netherlands. Note
that end-users pay the costs for the spare capghoitygh a fee levied by the TSO.

With capacity payments, the amount of spare capeacéndogenous, as producers decide the
optimal level of spare capacity for themselvessTével is well below that of the other policy

40 As an extra safeguard, the regulator may require spare capacity to be located in The Netherlands. This would, however,
reduce the efficiency of the measure.
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options, with annual costs of 1 million euro (sael¢ 5.3). Like with reserve contracts, end-
users pay the costs for the spare capacity thraufgh levied by the TSO.

Each of the systems described here incurs welfégetg as it has effects on electricity market
outcomes. Prices of electricity rise in any of diternative$'. The system fee is raised in the
cases of capacity payments and reserve contragthiefmore, if capacity payments indeed
trigger capacity investments, peak prices may dseras well, because of reduced scarcity.
These price effects affect welfare through demaadtions. We use our model of the European
electricity market to quantify these effects (sppemdix 7 for a description of the model).

The welfare effects mainly consist of transfersrfrend-users to producers. In the case of
capacity markets, transfers are rather limitechrice increases are induced by scarcity rather
than a fee. This generates an annual transfer ofilitn euro, of which 6 million euro to

foreign producers. From a national point of vielhg tatter are welfare losses as well. Transfers
are larger in the case of reserve contracts, asahsfers include the increase in the system fee.
Note that the increased system fee is partly cosgted by producers, bringing down net
revenues from foreign producers, leading to a snllwelfare gain of these transfers. The
system of capacity payments causes the largesféranshifting an annual 489 million euro
from end-users to domestic (400 million) and fone(89 million) producer?

The price effects brought about by the transferstioeed above dampen demand, causing
welfare losses as well. The increase in peak ptieesigh induced scarcity in the case of
capacity markets is a fairly inefficient way innes of demand effects, causing an annual
domestic welfare loss of 28 million euro. Reserertracts cause a small price increase, which
is divided evenly over the day, casing lower weflrsses (2 million euro). The same holds for
capacity payments, although the price increasbasitfive times as large, yielding a domestic
welfare loss of 12 million euro per year

Each of the systems described here generate sangattion costs. Presumably, transaction
costs are highest in the case of capacity mankdiste many bilateral transactions are needed
in the market. Reserve contracts require the afsisganising a periodical auction, and

capacity payments require transaction costs forimggkayments and monitoring of legitimacy.

“! Note that the spare capacity is deployed only in case of emergency and not to reduce ‘normal’ scarcity. The capacity
requirement in the system of capacity markets is defined in terms of a percentage of peak output. This implies that
increasing peak output incurs costs on the producer, pushing up peak prices.

42 Capacity payments make electricity production more attractive, which may induce entry into the market. The welfare
effects of entry are not taken into account here.
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Keeping in mind that the annual costs of the eneegylator amount to 7 million euro and the
annual transaction costs of the Dutch spot maseK( are roughly 5 million euf8, we

roughly estimate transaction costs to amount tdllflomeuro per year for the case of capacity
markets and of 3 million euro per year for eacthefother options.

The average annual direct cost of capacity mamisunt to 145 million euro (see table 5.1).
Costs of spare capacity are born by producers (ootign and domestic). Some of the costs
(approximately a quarter) are transferred to ermtsughrough an increase in prices. The price
increase brings down demand, causing some webiasetd end-users and bringing producers’
profits down.

Table 5.1 Average annual direct costs of  capacity markets (discounted value in million euro)
Item End-users Domestic producers  Foreign producers  Total domestic
Capital costs of excess capacity 105 23 105
Transfers due to higher prices 31 -25 -6 6
Effect of decreased demand 1 27 6 28
Transaction costs 7 7
Total 39 106 24 145
In the case of reserve contracts, average anmeditaiosts amount to 129 million euro (see
table 5.2). As before, producers bear the costxadss capacity, be it that all costs are carried
by domestic producers. All costs are passed ondeusers through the system fee, but
producers lower their commodity prices somewhaitigate the decline in demand. Foreign
producers have to go along with the lower commoglityes but do not receive income from
the reserve contracts, so that the transfers implgt domestic welfare benefit. Like before,
both end-users and producers suffer from a decieatemand as a result of increased prices.
The decrease is lower than in the case of capatkets, as costs are spread over all hours of
the day, rather than peak hours only.
Table 5.2 Average annual direct costs of  reserve contracts (discounted value in million euro )
Item End-users Domestic producers Foreign producers Total domestic
Capital costs of excess capacity 128 128
Transfers due to higher prices 102 - 107 5 -5
Effect of decreased demand 0 2 1 2
Transaction costs 3 3
Total 105 23 5 129

43 Source: information received of the Dutch electricity regulator.
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In the case of capacity payments, costs of exagsacity are very small, as capacity payments
hardly induce an increase in capacity (see talde Sransfers are very large, primarily because
the size of the measure, adding a full cent tqtiee of every kWh. Just as in the case of
reserve contracts, costs are spread over all lmbune day, keeping volume effects limited
relative to the other effects described here.

Table 5.3 Average annual direct costs of  capacity payments (discounted value in million eur 0)

Item End-users Domestic producers Foreign producers Total domestic
Capital costs of excess capacity 1 0 1
Transfers due to higher prices 489 - 400 -89 89
Effect of decreased demand 4 8 2 12
Transaction costs 3 3
Total 496 -391 -87 105
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Indirect costs

Price effects in the electricity market have ae&fbn other markets as well, as electricity is
used as an input in many production processes.3&d@thena, CPB’s general equilibrium
model to assess these indirect effects. The ammdia¢ct effects amount to 3 million, 45

million and 38 million euro (present value) for eajity markets, reserve contracts and capacity
payments respectively. High indirect costs forltiter two are related to the large amount of
transfers.

External costs

Although external effects do not play an importanié in the discussion on increasing the
reliability of electricity production, we take treesffects into account for the sake of
completeness. An increase in electricity priceselses electricity production and, therefore,
reduces associated emissions of,@@ad other pollutants. We value the avoided-€Missions

at 16 euro per ton, being the upper bound of-@&Moval and storage costs (see also section
4.4.3). For NQand SQ, we use figures from Gijsen et al. (2001). Thalteffects on

emissions are fairly small, amounting to 0.1 millieuro a year in the case of capacity markets
and even less in both other cases. Note that fligses are negative costs, as they represent a

decrease in emissions.

The benefits of the policy options

By definition, benefits of security of supply patioptions occur in the case of a crisis. The type
of benefits from the policy alternatives dependsubiat would happen if a crisis occurred. If a
blackout would be the effect of capacity shortabe,avoided costs of such a blackout would
be the benefits of the policy option. If on theamthand, capacity shortage induces a price
spike, the benefits equal the welfare effects filbdw from the avoided price spike.
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Direct benefits

If demand can respond to price signals, the effecapacity shortage will be a price spike
rather than a blackout. The policy options describere may either prevent or dampen such a
price spike. This implies a lower peak price, preirey negative welfare effects caused by the
price spike. The way in which these effects arewdated is similar to the calculation of the
costs in the previous section. We entered a shaokour electricity market model to assess the
effects. Tables 5.4 and 5.5 list the results inmdlar fashion as before.

Table 5.4 Total benefits of capacity mark ets and reserve contracts in case of a price spike

(discounted value in million euro)
Item End-users Domestic producers Foreign producers Total domestic
Transfers due to avoided higher prices 8 -6 -1 1

Effect of avoided decrease in demand

Total benefits 8 -3 -1 6
Table 5.5 Total benefits of capacity paym ents in case of a price spike (discounted value in million euro)

Item End-users Domestic producers Foreign producers Total domestic
Transfers due to avoided higher prices 4 -3 -1 1
Effect of avoided decrease in demand 0

Total benefits 4 0 0 4

If capacity is insufficient and demand is unablegspond to price signals in a timely manner, a
decrease in the availability of operational capacitly induce a system break down, causing
blackouts. These blackouts will probably be regidayanature. Bijvoett al. (2003) have
conducted a thorough assessment of the costs erfifdtblackouts. One of their key findings is
that a blackout on a weekday in the Randstad argta about 72 million euro per hour in
daytime and 38 million euro in the evenitigrhis implies that a 24-hour blackout in that regio
would cost roughly 1.2 billion euro (600 milliondiscounted to the mid-year of the period in
our analysis). All costs are born by end-users.

Indirect benefits

Like in the case of costs, indirect effects refln price effects in the electricity market and
again we use Athena to assess these effects. dinedneffects are larger relative to the direct
effect, since a sudden shock causes friction coiesindirect effect of the crisis is assessed to
be 2.5 million euro. As capacity markets and reseoantracts entirely prevent the crisis, these

“*4 The welfare costs of blackouts for leisure time in Bijvoet et al. (2003) are fairly high, since the option of postponing
activities is not considered.
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are all benefits. In the case of capacity paymehéshenefits are 1.4 million euro, as the crisis
is dampened rather than prevented. The distributidoenefits over branches in the economy is
fairly even. Energy production sectors and housthbénefit somewhat more than
manufacturing and services sectdrs.

In the case of a blackout, it is hard to assesitlieect effects, as well as the external effeltts.
is unclear how economic actors will react to sudteakout. Will they catch up with

production later so that the production loss isi@ty smaller than predicted by the figure
mentioned above? Will some of them go bankruphag have received their final blow, and if
so, does the bankruptcy of such vulnerable firnmstitute a loss to the economy? Will
factories have to start-up again, using more entrayy they would have if kept in production?
It is, therefore, impossible to perform a reliabtsessment of the indirect and external effects
of such a blackout.

Correspondingly, it is hard to predict the dynasfiects of a blackout. It is hard to say whether
a single blackout will decrease the attractiveréssregion for investors. If blackouts happen
regularly, this is likely to be the case, but etlean it is uncertain, as individual firms may
create their own back-up or take insurance ativelgtlow costs. Many calculations on outage
costs are available, using different methods affdréint terminologies. Rough cost estimates of
the recent black-out in the North-East of the Ugyeafrom 6.4 billion dollars (AEG, 2003) to 7
to 10 billion dollars (ICF, 2003). Several more kisticated measurements of outage costs are
available in economic literature (e.g. Moeltneakt(2002), Serra et al. (1997) and Tishler
(1993)). These measurements and the rough estitma¥esn common that they are limited to
the direct costs of outages.

Capacity payments induce a limited amount of spapacity, rendering the policy almost
certainly ineffective against blackouts. This ineglithat the benefits of avoided costs of
blackouts do not arise in the case of capacity @aym

External benefits
For the sake of completeness we take externalteffiet account, as we did with the costs.
Since electricity consumption is hardly affectdd; total external effects are small, well below

0.1 million euro in all cases.

The break-even frequency

The computations above may serve as a basis faotheutation of the break-even frequency
(see tables 5.6 and 5.7). This figure expressetat frequency a pre-defined crisis will have to
occur to equal costs and benefits of the policyomgst(see chapter 2 for more details).

% The distribution of effects is very similar to that in the case of electricity taxation, but the effect is much smaller in size.
Presenting these figures here would therefore be of little use.
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Table 5.6 Costs and benefits of policy op

Average annual costs

tions in the case of a price spike (discounted valu

e in million euro)

Capacity markets Reserve contracts

Capacity payments

Direct effects 145 129 105
Indirect effects 3 45 37
External effects -0 -0 -0
Total 148 174 142
Total benefits in case of one crisis

Direct effects 6 6 4
Indirect effects 3 3 1
External effects 0 0 0
Total 8 8 6
Break-even frequency

Once every ... years 0.05 0.05 0.04

In the case of a price spike, the break-even frecpes very low for all policy options. Its value

below one implies that a crisis would have to ogoore than once a year to make the policy

viable. In fact, the price spike crisis definedéherould have to happen every other week. This

is obviously very improbable. Furthermore, if thisre the case, price spikes would be so

frequent that producers would increase their cgipacnyway. We may, therefore, conclude

that if demand responsiveness is sufficient, ndribepolicy options discussed here is to be

implemented.

As we noted earlier, price spikes lead to smalfavellosses, but high transfers. On the other

hand it should be noted that much of the costéngrisom the policy options are born by end-

users. Does this imply that the policy measuredabe viewed different if looked at from the

point of view of end-users alone? This can easlgtmputed from the data above, since we

have already made the distinction between end-asetproducers for the direct effects and alll

indirect effects relate to end-users. For end-uselg the break-even frequency for capacity

markets is 0.25, much higher than its initial valoet still very low (requires four weeks of

prices spikes per year). For reserve contractdrsak-even frequency for end-users equals

0.07, whereas in the case of capacity paymergitly 0.01, even lower than its break-even

frequency based on total welfare.

Let us now turn to the situation where demand ada¢sespond adequately to price spikes,
resulting in a blackout. Such a blackout will prblyabe preceded by one or more price pikes. It
is however clear from our results above that thane costs of price spikes are low compared
to the costs of a blackout.
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Table 5.7 Costs and benefits op the polic y options in the case of a large blackout
(discounted value in million euro)

Capacity markets Reserve contracts  Capacity payments
Average annual costs

Direct effects 145 129 105
Indirect effects 3 45 37
External effects -0 -0 -0
Total average annual costs 148 174 142

Total benefits in case of one crisis

Direct effects 605 605 -
Indirect effects pm pm -
External effects pm pm -
Total benefits 605 605 =

Break-even frequency
Once every ... years 4.10 3.49 -

As we stated before, capacity payments are unalgestvent blackouts. Capacity markets or
reserve contracts may prevent blackouts, but airly high cost. The break-even frequencies
for these options imply that even if a major blagkoaccurred every five years, it would be
wiser, from an economic point of view, to accept tonsequences of the blackout than to
prevent it. How probable would a blackout frequeatgnce every 4 to 5 years be? This
guestion is hard to answer. We cannot use histaiddence, since the changing institutional
situation is to be the most likely cause for theckbuts. Further, note that the decrease in
availability of capacity would have to be large agb to cause a blackout rather than a price
spike, but small enough to be absorbed by the sg@gracity installed. If the latter does not
hold, a blackout will occur regardless of the ppliption implemented.

The distribution of effects over the economy isikino that in the case of energy taxation (see
table 5.12). Costs are born by electricity prodsicHra blackout is prevented, all benefits

accrue to electricity consumers.

5.3.6 Sensitivity analysis
We made several assumptions in our analysis, imgjuthe use of a discount factor of 7 percent
and valuating C@emissions at their removal costs estimate of X6 par tonne. We test
whether our analysis is sensitive to some of tiseraptions used. As the break-even
frequencies in case of price spikes are extrenosly there is no need to perform a sensitivity
analysis here. The results for a sensitivity anslga the case of a large blackout are shown in
table 5.8.
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Table 5.8 Sensitivity of break-even frequ ency in the case of a large blackout

Capacity markets Reserve contracts
Variant
Base case 4.10 3.49
Discount factor 5% rather than 7% 3.98 3.42
Discount factor 10% rather than 7% 4.12 3.47
Carbon shadow price of 10 euro per ton rather than removal costs 4.10 3.48
Carbon shadow price of euro 50 per ton rather than removal costs 411 3.49
48 hours of blackout rather than 24 8.20 6.97

5.3.7

This table shows that our result is insensitiventist of the changes in the assumptions shown
here. The only exception is the increase in thatitum of the blackout by another 24 hours.
Such a change simply doubles the break-even fregudlote however that the interpretation
of the break-even frequency changes as well, &stadr blackout is less probable than a 24-
hour blackout. The sensitivity analysis shows thatresults here are quite robust.

Conclusion

We assessed the costs and benefits of three ogtiimirsg at increasing the reliability of
electricity production: capacity markets, resergatracts and capacity payments. We found
that each of these options induce high costs, dgpaarkets and reserve contracts because
generating capacity is left idle, and capacity pagta because of large welfare effects induced
by price increases. The policy options are notigffit in preventing price spikes, as the welfare
costs of price spikes are lower than the costh@pblicy options, unless price spikes occur in
an implausible high frequency.

Capacity payments are unable to prevent blackastthey do not induce enough investments
in spare capacity. Black-outs can be preventedabgcity markets and reserve contracts. The
break-even frequencies for these options are hd@lal2 respectively, implying that even if a
24-hour blackout of the Randstad area would oceenefive years, it would be wiser, from an
economic point of view, to accept the consequentése blackout than to prevent it.
Sensitivity analysis shows that these results aite gobust.

We emphasize that the results are based on thaireedssign as designed in this chapter.

Further research into more efficient designs o$¢hmechanisms may improve the efficiency of
these measures and thus change our results.
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Cost-benefit analysis of raising the tax on ele  ctricity

Definition of a crisis

Electricity markets bear a high risk of insuffici@mmpetition if governments fail to regulate
adequately. This risk is relatively large in oundeterm scenario Regional Communities as
governments, in this scenario, focus strongly antggand environmental issues and less on the
issue of efficiency. As a result of insufficientrapetition, suppliers could be capable to raise
commaodity prices above marginal cost level. In #nialysis, we define a 50% rise in the
electricity price over a period of one year asdfisis scenario.

Definition of the policy option

Governments have several options to deal withitkeaf insufficient competition. Measures
aiming at hindering concentration of market playaard improving conditions for entrance by
new firms directly affect the degree of competitinthe market. A totally different approach
consists of reducing the demand of electricity sTtiipe of policy is not primarily aimed at
reducing market power or preventing a crisis, bubaering the economy’s vulnerability to
such a crisis. Besides this effect, this policy suea could result in more competition as a
reduced demand reduces scarcity, and, hence, npnketr of producers. In the long run, this
effect will be mitigated as suppliers could resptmthe reduced demand by adapting the

extent of production.

In this report, we analyse the impact of incredegiks on the use of electricity on the
vulnerability to price increases. Such a policy suga would fit well in the Regional
Communities scenario, as, in this scenario, goveniewould prefer measures that affect both
security of supply and environmental consequentesanomic activities. Taxation of energy
use may serve both goals. Electricity taxationeases the price of electricity, thus inducing
users to consume less electricity. If a crisis @r&pecific: a price shock) occurs at some point
in time, the amount of electricity affected will lver than it would have been without
taxation, implying that the impact of the crisidlvie less severe. Therefore, we define the
policy alternative as an increase in the tariffthef energy tax by 1 eurocent per kWh. As the
aim of this taxation system is to regulate theafsenergy (instead of funding public
expenditures), we assume that the proceeds afatkagion are recycled by reductions in other

taxes.

The costs of the policy option

Like in the other cases, we distinguish direct gasidirect costs and external costs.

Direct costs
Table 5.9 states the costs of the policy measudered by end-users, domestic producers and
foreign producers. The final column gives the tédalboth domestic groups in the table,
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indicating the effect on domestic welfare. Thestomes follow from a simulation run with
CPB's electricity market model (see appendix 7).

As the tax is refunded, the direct costs to eleityrusers are zero: an annual average of 466
million euro is paid as energy tax which is recgdby lowering other taxes. The amount of the
taxes is, however, relevant for the other effettthée analysis. The rise in the electricity price
generates welfare effects. As the electricity maikeligopolistic, suppliers could respond to
higher energy taxes by reducing their markas a result, pre-tax commodity prices decline,
causing an annual average net transfer of 23%mi#iuro from producers to end-users. Since
part of the transfer is paid by foreign suppli¢gihg, domestic welfare effect is positive (42
million euro).

The net effect of taxation and price adjustmentmigncrease in prices, inducing a reduction in
consumption of electricity. Suppliers face a redurcin their value added, which is a cost.
Model simulations indicate that these costs amtuah annual average of 118 million euro for
domestic producers and 25 million euro for forgigaducers. The reduction in electricity
consumption is a welfare loss to consumers, assdhitgh to less preferred alternatives. The
before mentioned model simulation calculate thestscto be 10 million euro per year.

Adding and subtracting these figures yields the@névalue of the average annual domestic
direct costs, amounting to 86 million euro. Totakdt costs for end-users are negative, while
domestic producers (just as foreign producers) theacosts of the measure.

Table 5.9 Average annual costs of raising tariffs on electricity use by 1 eurocent/kWh
(discounted value in million euro)

End-users Domestic producers  Foreign producers  Total domestic
Item
Taxation 466 466
Transfers from price adjustments -239 198 42 -42
Effect of decreased demand 10 118 25 128
Refund of taxes - 466 - 466
Total direct costs - 229 316 66 86

Indirect costs

The increase in the price of electricity affects #tonomy as a whole. Higher producer prices
and shifts between production factors could catisgdn costs, while market imperfections in
subsequent markets may influence the outcomesefeequilibrium. Note that these effects
are not by definition welfare losses. A decreasgiseconomies of scale may for instance cause

“6 Note that this effect follows from the assumption of a linear demand curve in the model. If this assumption is replaced by
the assumption of constant elasticities, no transfers from price adjustments would arise.

109



ENERGY POLICIES AND RISKS ON ENERGY MARKETS: ELECTRICITY MARKET

positive effects. The indirect effects are detesdinsing ATHENA, CPB’s general
equilibrium model, and amount to an annual avecage of 31 million euro.

External costs

Electricity production is still largely dominated bossil-fuel-fired power plants, causing
emissions while producing electricity. This implibst reducing the use of electricity will
reduce emissions as well. We assume a gas-fired sh&0 percent and a coal-fired share of
35 percent (leaving 15 percent for carbon-freenipkes), with 50 respectively 40 percent
thermal efficiency and a carbon content of 56 retpely 94 kg per giga Joule to calculate the
reduced emissions. These emissions are then vatieedhadow price of 10 euro per ton,CO
yielding annual average external costs of almosnhBlifon euro. Similar calculations were
performed for NQ (shadow price of 4.5 euro per kg) and,%§hadow price of 4 euro per kg).
The avoided average annual external costs fromdPassions amount to 13.6 million euro;
the combined figure for SGnd NQ is 7.6 million euro.

5.4.4 The benefits of the policy option
Direct benefits
Table 5.10 depicts the effects of the crisis defiabove in case of both the base alternative and
the policy alternative. The crisis results in wedf{osses to end-users. These losses follow from
transfers to the producers as well as reduced ogutgan. Producers benefit from the transfers,
but suffer from the reduction in consumption agduces their production and value added.

Table 5.10 Benefits of energy taxation in  case of a crisis (discounted value in million euro )

End-users Domestic producers  Foreign producers  Total domestic
Crisis without policy (base alternative)

Transfers due to higher prices 1250 -1033 - 217 217
Effect of decrease in demand 277 781 164 1058
Total effect 1527 - 252 -53 1275

Crisis with policy (policy alternative)

Transfers due to higher prices 1077 - 890 -187 187
Effect of decrease in demand 125 544 114 669
Total effect 1202 -347 -73 856
Direct benefits of policy in case of crisis 325 94 20 419

As we mentioned earlier, the policy does not préttes crisis. What are the consequences of
the crisis if the use of electricity is taxed? Daehe lower demand for electricity, both the
transfers and the decrease in demand are smalidsoiute numbers. The total direct benefits
of the policy measure follow from the differencetlie costs of the crisis in both cases. Model
simulations yield an estimated benefit of 325 millieuro (present value) for end-users and 94
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million euro (present value) for domestic produc@itse present value of domestic benefits is

the sum of both, 419 million euro.

Indirect effects

Like in the case of costs, the benefits have intlieffects as well. Reducing the impact of a

crisis also means that the consequences for tirve easbnomy will be smaller. The mechanisms

here are similar to the ones described before.uzdions based on the outcomes of model

simulations with ATHENA vyield a present value oétimdirect effects of 31 million euro.

External costs

As a side effect of the crisis, external costs ballower because of reduced demand. Limiting

the effects of the crisis also implies limiting tteeluction in external costs. Using the same

assumptions as before, we calculate these exteoatd to have a present value of million euro.

5.4.5 The break-even frequency

The computations above serve as a basis for thpwtation of the break-even frequency. This

figure expresses at what frequency a pre-definistgsarill have to occur to equal costs and

benefits of the policy options (see chapter 2 forerdetails). Table 5.11 shows the calculation

of the break-even frequency in the case of a 5@¥ease in the price of electricity over a
period of one year.

Table 5.11 Costs and benefits of raising

Average annual costs
Direct effects

Indirect effects
External effects

Total

Total benefits in case of one crisis
Direct effects

Indirect effects

External effects

Total

Break-even frequency
Once every ... years

the tax on the use of electricity (discounted value in million euro)

86.0

31.0

-21.2

95.6

419.0

13.0

-31.0

401.2

4.2
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The calculated break-even frequency is once inye#& years, implying that the policy is
viable if a full-year lasting price increase of 5086uld occur every 4.2 years.

Apart from the costs and benefits for society asale, a policy measure may have distribution
effects as well. ATHENA outcomes give some inforimrabf effects by branch. Table 5.12
below lists these effects. Note that the figurethintable are defined differently and, therefore,
cannot be compared directly to those in other galnlehis chapter. The figures merely reflect
the distribution of effects over the economy.

Table 5.12 Macroeconomic effects of rais  ing the tax on the use of electricity
(2030, cumulated % dev iations of baseline)

Iltem Meaning Costs Benefits
Net national income total effect 0.15 0.02
Private consumption effect on households 0.18 0.06
Production Manufacturing excl. energy effect on manufacturing 0.11 0.01
Production Energy effect on energy production 0.30 0.04
Production Services effect on services 0.11 0.01

54.6

The costs of the policy option are born mostly lBcticity producers. Households contribute
somewhat more than proportionally, manufacturing) services slightly less. Households reap
the larger part of the benefits of the policy measufollowed by electricity producers. Overall,
the differences between stakeholders are relatsralgll.

Sensitivity analysis

The above analysis is conducted against the Relgitoramunities scenario. In that scenario,
international coordination among governments hagedigts. As a consequence, environmental
policies consist mainly of national measures. l$trong Europe scenario, however,
environmental policies are to a large extent irgéamally implemented with a global emissions
trading scheme as the prominent example. In tleaies®, national systems of energy taxation
could be abolished as far as environmental poli@iesconcerned. After all, the coexistence of
an international trading scheme and domestic enmiemtal measures reduce the efficiency of
both measures. But, would coexistence make seosetfre perspective of security of supply?

The immediate effect of raising domestic electyititxes while an international emissions
trading system exists is that the purchase of gerispartly replaced by domestic mitigation
measures. Firms would reduce their use of elettriitst, in order to equalise the marginal
costs of reduction to the (marginal) price of afedy. Further reductions depend on the
difference between the remaining marginal redustioosts and the price of the permits. If the
latter are higher, firms will reduce further uridth quantities are equalised. If, on the contrary,
the permit price is lower, firms will buy permits aeeded for expanding activities.
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Since marginal reduction costs in the Netherlamdselatively large, many Dutch firms will
probably buy emissions permits instead of redutiegr own emissions. Raising domestic
electricity taxes would, therefore, raise the co$tsnvironmental policy. The extent of these
costs depends on the difference between the pprioé and the marginal reduction costs. The
worst case scenario would be that the tax has vicommental effects on top of the effects of
the international trading scheme. We may simulaitedffect in our analysis by setting the
annual prevented external costs to zero, increabmgreak-even frequency to once every 3.5
years. Some of the other assumptions used herealsmpe tested quantitatively in a
sensitivity analysis. Table 5.13 summarises italtes

Table 5.13 Sensitivity of break-even freq uency of electricity taxation to assumptions
Variant Value
Base case 4.2
International CO»-emission trading scheme 3.9
Discount factor 5% rather than 7% 3.8
Discount factor 10% rather than 7% 4.9
Shadow price for carbon dioxide of 5 euro per ton rather than 10 euro per ton 4.0
Shadow price for carbon of 15 euro per ton rather than 10 euro per ton 4.4
Price increase by 100% rather than 50% 8.4
Price increase by 25% rather than 50% 2.1
The results are somewhat sensitive to the useeadiitount rate, and hardly sensitive to the
valuation of C@-emissions. The relationship with the magnitudéhefprice increase is linear.
5.4.7 Conclusion

Taxing electricity may impact supply security ireditly. Taxation cannot prevent a crisis, but it
may reduce energy use, and thus decrease the egenarmerability to price shocks. Our
analysis shows that a price increase of 50% dunmegyear should happen at least once every
4.2 year to make the policy efficient. The ressiltdirly robust to changes in assumptions; it
suggests that the policy is not viable from a sypgplcurity point of view. The welfare effects
of raising electricity taxes are reduced furtharifinternational emissions trading system

exists.
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6.1

INTRODUCTION

Electricity networks
Introduction

In this chapter we analyse risks and policy opti@garding reliability of network services, and
their effect on security of supply. We focus orcéleity networks?’

Reliability of service is one of the most importdithensions of quality in the electricity
industry. It refers to the degree to which buyens be supplied without interruptions.
Electricity networks provide a crucial link in gety electricity to consumers — their good
functioning is as important as the good functiondfigieneration facilities. Unfortunately,
similarly to generation facilities, electricity matrks may experience failures that may cause

interruptions of electricity supply.

Another important dimension of network quality particular in liberalised markets, relates to
the market facilitation function of networks. Netkan the electricity sector represents an
essential facility for transportation of the comrntpdelectricity) traded by market participants.
Independence of networks may be important for nbfamectioning of electricity markets. A
failure to ensure independence of networks maytemraanditions under which some market
participants can exercise market power. Althougthsudevelopment may not result in supply
interruption, it may still jeopardise the secuitiyelectricity supply, artificially raising
electricity prices above the competitive level.

In this chapter we focus on both reliability of wetk services and the implications for security
of electricity supply. We begin with a descriptiofrisks attached to electricity networks in
section 6.2. We first address risks related tanheket facilitating function of networks and
then those related to network reliability. We sumisgpolicy options in section 6.3, which we
analyse in section 6.4. Section 6.5 presents thelgsions.

" Notice that the content of this chapter cannot be automatically extrapolated to other energy networks, such as gas
networks. Despite similarities between the electricity and gas industries, many issues that arise in electricity are not identical
to those in gas. Differences in characteristics of the transported commodity and in the legal settings may imply different risks
and different policy options. For example, a break of a gas distribution pipe leading to a large release of gas may cause a
much larger disaster than a power outage at the distribution level. Therefore, there may be a different approach to regulation
of reliability in gas.
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Note:

LV = Low Voltage (< 1kV)

MV = Medium Voltage (between 1 kV and 50 kV)

HV = High Voltage (above 50 kV)

Expectation of outage is measured by CAIFI (Customer average interruption frequency index), which shows the average number of

6.2 Analysis of risks
6.2.1 Historical evidence on risks
Table 6.1 offers an overview of power outages eNtetherlands since 1976. This overview is
based on the data from the Nestor database, ettatllin 1975 with the purpose to collect data
on failures of network components. Given the insigg attention of the regulator and
politicians to network reliability, the outage refgation system gains more and more
importance.
Table 6.1 shows a slight decrease in reliabilitthim period 1996-2000 comparing to the period
1976-2000. According to the recent publication ImgijieNed (2003), the average reliability in
1998-2002 was around that in 1996-2000, with trexage interruption time of 27 minutes per
customer. Most interruptions originate at the maduoltage level.
Table 6.1 Overview of power outages int he Netherlands
As a consequence of outages in the
LV-net MV-net HV-net Total
2000
Expectation of outage (no. per year) 0.021 0.202 0.190 0.410
Average duration (minutes) 186 86 29 65
Total annual duration (min. per year) 3.8 17.4 5.6 27
Average 1996-2000
Expectation of outage (no. per year) 0.016 0.211 0.146  0.370
Average duration (minutes) 184 80 47 71
Total annual duration (min. per year) 2.9 16.9 6.8 27
Average 1976-2000
Expectation of outage (no. per year) 0.016 0.201 0.103  0.320
Average duration (minutes) 202 72 38 67
Total annual duration (min. per year) 3.2 14.5 3.9 22

interruptions for an average customer per year. Average duration is measured by CAIDI (Customer average interruption duration index), which

is the average annual duration of interruptions for an average customer, expressed in minutes per interruption. Total annual duration is the

product of CAIFI and CAIDI.

Source: KEMA (2002, p.8).
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Transmission and distribution

An electricity network typically consists of transmission and distribution networks. Transmission networks are normally
high voltage networks, serving for long-distance transport of energy. Distribution networks are of lower voltages. They
deliver energy to final customers. Central generation and export typically feed at the transmission level. There is no
strict rule about the voltage at which the network is split into the transmission and distribution segments. It varies per
country and per region. In the Netherlands, the division between transmission and distribution is mostly at 110 kV.

To date, the electricity network in the Netherlands is represented by one national Transmission System Operator,
TenneT, and a number of regional network operators. TenneT operates the so-called ‘extra high voltage network’
(220/380 kV). Regional network operators operate lower voltages in the corresponding regions. The largest regional
network companies provide both services: regional transmission (mainly 110/150 kV) and regional distribution (lower
voltages). Given the large population density in the Netherlands, distribution networks typically serve highly populated
areas, and, therefore, are underground, while transmission lines are mostly overhead.

Since the electricity flow is typically from higher voltages down to lower voltages, interruptions that originate at high
voltages have larger impact: all final customers downstream from the place in which the interruption occurs get
disconnected. Therefore, higher voltage networks typically have higher technical security standards than those for lower
voltages, making interruptions there less likely. In particular, in the Netherlands reliability of transmission grid is to a
large degree secured by implementing the so-called ‘N-1 security standard’. (See sections 1.4.5 and 1.4.6 of the
Network Code for a description of requirements to the design of high voltage networks.) The latter means that even if
one of the N components that constitute the network fails, the remaining N-1 component should still do the job. The
most important transmission connections may be subject to higher than N-1 security standards (e.g., N-2). As a
consequence of such security standards, regional transmission networks in the Netherlands hardly experienced outages
caused by network failures. The national TSO TenneT reports O interruption minutes already for a number of years.
Dutch distribution networks are normally not subject to the N-1 standard. It is only implemented for the most important
pieces of distribution networks.

Table 6.2 places the situation in the Netherlandmiinternational context. Although the
international comparison is not without caveatbai been acknowledged that the reliability of
electricity networks in the Netherlands is the leigfin Europe.

Table 6.2 International comparison

Country Annual duration of interruption (minutes) in 1999
The Netherlands 26
France 57
UK 63
Sweden 152
Norway 180
Italy 191

Source: CEER (2001, table 3.2-A.).

117



ENERGY POLICIES AND RISKS ON ENERGY MARKETS: ELECTRICITY NETWORKS

6.2.2 Assessment of future risks
We discuss two major groups of risks regardingtataty networks. The first group relates to
competition in the electricity market. The secoeldtes to the network reliability itself.

Risks related to competition

As we have explained in the introduction, netwartdpendence is crucial for normal
functioning of an electricity markét.Therefore, in the beginning of liberalisation éfimity
networks were unbundled (legally) from the compamgewhich they previously belonged
(Electricity Act, 1998)%°

Legal unbundling means that networks become sepacahpanies: they have separate
management and maintain their own accounts. Sepacabunts are meant to ensure proper
tariffs for network services and to prevent cragissidisation between the network and
competitive activities. Moreover, some additionaligy measures have been implemented to
secure the independent functioning of network dpesasuch as the territorial separation of
control rooms of network operators from the offioésheir former affiliates.

Despite this, there are concerns that the implemdemieasures may be insufficient. This is
because regional network companies still belorthecsame utility holdings as before. The
utility holdings perform a wide range of activitjder example, generation and electricity retail.
It is difficult to control if a network company ieéd performs independently, or it takes the
interests of the holding to which it belongs int@eunt. For example, it may be difficult to
verify that there is no information stream betwésnnetwork and the rest of the holding. Thus,
there is the risk that the superior informationipms of the network may be misused, which
may affect the market outcome.

Furthermore, when network companies are part gelagroups of companies (utility holdings),
the financing of a network company is also par tdrger financing. Utility holdings invest

also in other activities, e.g. in competitive aitids. There is a concern that this introduces
extra risk with respect to the financing of theestment in the network, which provides another
argument in favour of complete separation of nekwnrsinesses. Financial stability and the
feasibility of investment are important to mitigaisks that relate to network infrastructure,
which we address in the next section.

“ See, e.g., OECD (2002, p.30-31) for a discussion of practical problems that arise if a transmission company owns
generation assets.

9 Originally network activities were performed by regional utility companies, which also performed other activities, in
particular, electricity generation and electricity retail.
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Risks associated with the condition of network infr astructure

On the network side, interruptions may occur faresel reasons, being caused by both internal
and external circumstances. Network failures canekample, be caused by insufficient
capacity or maintenance of the network (internakea); or result from third parties’ intrusions
into the area of the network (external causes, eogstruction or other work involving digging
in the area of the network).

Most important risks with respect to reliability métworks are the following. First, insufficient
investment in capacity by network companies magaffeliability and security of supply. This
risk is typical for transmission grids, but maycalse present at the distribution level. Shortages
of transmission capacity do not always result ipgital interruptions of electricity supply. Yet,
they are harmful because of their effect on seguofisupply. In particular, transmission
bottlenecks may create market conditions under lwaical electricity producers could exercise

market power.

Second, insufficient maintenance of network mayliés malfunctioning of network. As any
physical asset network infrastructure requires lymaaintenance, without which it cannot
function properly. If interruption occurs, a netiaperator should be able to fix the problem

within a short time.

Third, insufficient information regarding the loimat of cables in the ground may lead to
physical damage of the network by third partiespissent the latter is the origin of about 25%
of network interruptions? A recent publication in ‘NRC Handelsblad’ (Apri®12003) refers

to a confidential report of Rijkswaterstaat regagdihe current situation to advocate the
necessity of introducing compulsory central registn of all underground cables and pipes to

minimise this risk.

Finally, extreme weather conditions or other unexpe events may cause network failures.

Any infrastructure is built to function in a cerdbcation with certain typical conditions, and
may be unable to bear extreme events. This rigktigral for any infrastructure and may impact
the design of network. However, in the case ofNbéherlands, a country with rather mild
climate and very dense population, such risks laenyea secondary impact on cost. The major
cost driver is the necessity to put the networthandense areas under the ground, which is 7-10
times more expensive than installing overhead liB&sce the majority of the Netherlands is
rather densely populated, practically all distribntnetworks are underground.

Given the last remark, we find the first three sis be most important from the policy
perspective. Therefore, in section 6.3.2 dealirtl) weliability issues, we mainly concentrate on
% EnergieNed (2003) reports that digging in the area of cables is responsible for 28% of interruptions at the low voltage level

and for 23% of interruptions at the intermediate voltage level.
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the analysis of policy options regarding thesesidke first two risks relate to the decisions
made by the companies and thus ‘internal’ to thEnese two risks are interrelated, since a
company faces trade-offs that involve decisionediifig both risks simultaneously. For
example, when a line is systematically overloadedandition worsens, implying a need for
more maintenance and sooner replacement. Theriblirds ‘external’. It arises due to the
interference of third parties. Still, network comes can do something to minimise this risk,
for example, by providing better information abthe location of cables in the ground.

Definition of potential crises

On the basis of the above analysis of future riglesgdefine two potential crises:

Execution of local or regional market power dudattk of independence of networks;
Technical failures of networks.

Analysis of policy options

Overview

Deregulation of the electricity supply industry laeught attention to reliability issues in many
countries. Here we review some international exgpegs (in particular, of the UK and

Norway) with respect to the policies directed atcéicity networks. We have chosen these
countries with the longest history of deregulaténl high-powered incentive schemes, to be
able to observe the effect of their policies. Hoaret should be noted that the reliability level
in the Netherlands is higher than the reliabiléyédl in both Norway and the UK.

Deregulation of the electricity industry in the Went parallel with privatisation that began in
1989. The electricity network comprises the netwafrkhe National Grid Company, NGC, and
14 regional networks. Originally, the regional canfes provided both transportation and
supply services, but they were unbundled in 200@ctordance with the Utility Act 2000.

The responsibility of network operators in the WKset out in the standards of performance.
There are two types of standards: guaranteed stdsdad overall standards. These standards
include not only standards on network reliabiliseif, but also standards on some aspects of
service quality (e.g., time of the investigatioraodfomplaint). Guaranteed standards set service
levels to be met for each individual customer gmetdy fines for underperformance. For
example, there is a standard regarding restorafisnpply, requiring that supplies should be
restored within 18 hours; otherwise a payment rhaghade. The current payments are 50
pounds for domestic customers and 100 pounds fordiomestic customers, plus 25 pounds for
each following 12 hours. Overall standards spegifertain average level of performance for a
particular service (e.g., minimum percentage optiep to be reconnected within 3 hours
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following faults). In addition, in 2002 Ofgetnintroduced an incentive scheme, which penalises
or rewards distribution companies dependant om geformance against the targets for
customer interruptions and customer minutes lostetthe changing role of regional

networks, caused by the introduction of competifiod the development of distributed
generation in many regions, Ofgem is currently utadéng efforts directed towards the
development of a regulatory framework for dealirithwhis issue. A recent report published on
the Ofgem’s website identifies a number of the fidssneasures that address reliability of
network services and financial stability of networkerators in the changing environment
(Ofgem, 2003 and Frontier economics, 2003).

The United Kingdom has a long history of monitorthg reliability of network services.
According to Ofgem, reliability has been improvioger the years. “Many distribution
companies have made a substantial improvementalitgiof supply performance since
1991/92, with the average number of power cutslp@rcustomers having fallen by 11% and
the average duration of power cuts per customeandsllen by at least 30%.” (Ofgem, June
2003, p.2.)

The electricity sector in Norway has now been delsggd for 10 years. Similarly to the
Netherlands, the national TSO, Statnett, perfohagriansmission of energy on the national
level, while a number of regional distribution ccanpes operate regional transmission and
distribution networks. Until 2001 the major regolat measures with respect to regional
electricity networks were directed at cost reduddidhe networks were subject to revenue caps.
In contrast to the UK, Norway has not introducetbezed minimum standards on reliability.
Recognising that the downward pressure of inceméigellation on cost may affect quality, the
Norwegian Water Resources and Energy Directorai;,Nequired annual reporting of
interruption data for network companies in 19952001 new regulatory arrangements were
introduced. The companies’ revenue caps are noustdj in accordance with the customers’
interruption cost. The latter is calculated asph@luct of average interruption cost rates and
energy not supplied (ENS), which is estimated enltasis of the data on interruptions and load
profiles of the customers (Langset et al., 200d).tRe moment, the system distinguishes four
cost rates: for residential/agricultural and congigfindustrial customers with different rates
for notified and non-notified interruptioriHowever, ongoing projects by NVE aim at the
development of a more diversified system of costsidn addition, NVE may evaluate a
necessity of introducing minimum standards.

*! Since 1998, the regulatory duties have been performed by the Office of Gas and Electricity Markets, Ofgem.

*2 The cost rates used by NVE are as follows: 6.67 euro/kWh for non-notified interruptions for commercial and industrial
customers, 0.53 euro/kWh for residential and agricultural customers. For notified interruptions the corresponding numbers
are 4.67 euro/kwWh and 0.4 euro/kWh. (Source: http://www.nve.no.) .
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Analysing the performance of the Norwegian compapieer the period of 1995-1999, Heggset
et al. (2001) observe that the number of interonsiper delivery point was almost constant
over the period, while the annual ENS showed aa#essing tendency, mostly due to a reduction
in ENS for notified interruptions. This phenomemay be explained by reduction in
preventive maintenance work as a result of the remhicing efforts of the companies.

However, it is still too early to draw conclusiorgarding the overall effect of regulation on
quality. According to Heggset et al. (2001, p.&.Jighter quality monitoring and regulation
might have resulted in the development that “manye network companies have eventually
started using the collected fault and interrupstatistics to prioritise investments and
reinforcements in different parts of their netwdrk.

Domestic options

As explained in the beginning of the report, poligtions in energy markets can be directed
either to the prevention of disturbances, or toréitiction of vulnerability to a crisis, or to the
moderation of its effect. This is because riskeniergy markets often relate to uncertainty
regarding energy resources. In contrast, the npajlicy options for networks focus on the
prevention of crises.

Options regarding market failure due to networks

We first discuss policies directed towards indegece of network operators. As said,
separation of network companies from competitiievies is desirable to mitigate market
imperfections. Although the European Commissiore&live 96/92/EC required only
managerial independence of transmission networksyroountries went further and
completely unbundled (ownership unbundling) TS@dsif the rest of the industry (OECD,
2001). Also in the Netherlands, TenneT is an inddpat company, owned by the state.

Regional network companies in the Netherlands lgetorthe regional utility holdings that
perform different activities, in particular, geneoa and supply. As said, this may introduce
risks related to the independent functioning andricing of the networks. Since regional
networks are in public hands, privatisation issplay role here. Different privatisation modes
have been mentioned by press, politicians and palivisers (e.g., AER, 200%) Our analysis
does not go into the privatisation discussion,fbatises on mitigating risks with respect to
reliability and security of supply. One possibléusion to secure the independence and
financial stability of networks businesses is tonptetely unbundle them from the holdings.
Given the special role of the transmission segroétiie network in the market, we discuss two
more policy options that may be effective for regibtransmission.

%3 The recent publication by the General Energy Council (AER, 2003) discusses options with respect to privatisation of
networks and urges for a careful consideration of these issues. AER (2003) argues that a further fragmentation of the Dutch
energy sector may weaken its position in the European context. On our side, we raise the questions how joined ownership of
competitive and network businesses may affect financing of the network, which implications this may have for reliability, and
what will be the overall effect on consumer welfare.
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Our analysis covers the following options with respto regional transmission. The base
alternative is the current situation. The firstipphlternative is to create a number of
independent regional transmission companies. Ttamative assumes a separation between
regional transmission and distribution businesaed,complete unbundling of regional
transmission from the holdings. The second politaraative is merging regional transmission
networks with TenneT. This option may be importgiten that there could be economies of
scale associated with merging all transmission @nigs together.

Options related to regulation of reliability of net work services

This section is devoted to policy options with mspto regulation of reliability of network
services. We begin with a description of the cutyemplemented regulation. This will be our
base alternative. As the first alternative polipgion, we consider the recent proposal of the
Dutch Energy Regulator, DTe, regarding new regoifatif distribution networks. Furthermore,
we touch upon the option of maintaining the preselbility level.

The base alternative is the current policy. At preésin accordance with section 31(1)(f) of the
Dutch Electricity Act, the regulation of quality @s follows. Quality criteria and compensations
for their violation are proposed by the sector sadout in sections 6.2 (criteria) and 6.3
(compensations) of the Network Code. In particuttag, current Network Code stipulates that a
network company is required to pay a customeredfixmount of compensation for
interruptions of supply that last for longer thamif hours. The amounts differ per customer
group and vary from 35 euro for a household tontlagimum of 91.000 euro for the largest

customers.

The first policy alternative is an integration efiability and tariff regulation. Such a scheme
was recently proposed by DTe. Following DTe (200& ,will refer to it as ‘PQRS’ (price-
quality regulation system). According to this scleemetwork companies should compensate
their customers for interruptions by repaying tHemthe ‘disutility’ caused by interruptiors.
The underlying logic is as follows: when the comiparperceive the customers’ utility losses as
their own cost, they have incentives to optimiseredationship between their cost and
reliability. If the current level of reliability mvided by a company is too high so that the
marginal cost of providing such a high reliabiliéyel exceeds the customer valuation, the
company will reduce its expenses on reliability.

% The estimates of the customer’s value of the fact and of the duration of an interruption will be revealed from an
econometric analysis based on the survey of a representative sample of Dutch customers.
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On the contrary, if reliability is too low, the c@any has to pay to its customers large

compensations; and will be better off if investsetiability.>> >

The second policy alternative is maintaining the-igveralisation level of reliabilityPublic
speakers and press sometimes express the opimibithin more quality the better’. Interviews
with network companies’ representatives show thatcompanies generally consider the
industrial average or their own average as a redderarget on reliability (KEMA, 2003,
p.25). Therefore we would like to touch upon thi¢ion, and explain why this option may be
inferior to the first alternative.

Cost-benefit analysis

Peculiarities of networks as reason for a dif ~ ferent approach

We choose to analyse the policy options considentglqualitatively, since a quantitative
analysis is hardly feasible and would require hel@epnical assumptions. Complications with
performing such an analysis arise for several reaso

First of all, it is not always possible to find dhe relationship between the realised reliability
and its causes. In particular, it is difficult tstthguish between the origins of network failures
(e.g. if a failure occurred due to bad maintenander other reasons), since the involved
parties may act strategically and not reveal d&dirimation. It is no coincidence that in many
practical situations it appears to be difficulimpossible to conclude whom to blame for a

failure >’

Secondly, there is not much information regardhegydxact relationship between the cost of
maintenance and reliability, or between the agegoipment and its reliability. Although it is
possible to make a computation regarding the lef/glvestment that would be necessary to
replace all network equipment above a certain ggeelw equipment (which reduces the risk of
failures), it will still remain a question whethguch a replacement value indeed gives the

5 Compensating each individual customer for each interruption is not always technically possible. It is feasible for larger
customers (large firms). For small customers (households) it is currently simpler to ‘socialize’ the compensation for quality in
their tariffs. This is a fair scheme as long as the customers are affected in the same way. To prevent that some customers
persistently experience a higher interruption rate, the policy should be accompanied by maintaining individual minimum
standards and compensations similar to those described in the ‘base alternative’. However, in the future it may be
technically possible to implement individual compensations. Then the need for the individual minimum standards may fall
out.

* The DTe approach relies on two practical conditions. First, the data should be available and good: therefore, a robust data
collection procedure should be in place. Secondly, the existing legislation should be amended to allow for the proposed
quality regulation.

5 For example, regarding the recent outage in ltaly on September 28, 2003, BBC news has reported: “The blackout appears
to have been triggered by a minor accident on a power line in neighbouring Switzerland, causing a domino effect in French
lines which affected Italy. Parts of the Swiss city of Geneva were also blacked out... Switzerland and France have blamed
Italy for failing to take action that would have limited the scale of the problem, while Italy said France was at fault.” (BBC
news, September 30, 2003).
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optimal value of the necessary investment to se@liebility of the currently installed
equipmenf?

Finally, even if the optimal value of replacementl @xpansion investment would be known,
this by itself may still not secure reliability. Fexample, according to Ofgem (the press release
of September 30, 2003), the recent outages in ke i particular, the London outage on
August 28, 2003 and the Birmingham outage in Sepéerd003 — arose due to the incorrect
installation of equipment, while the level of inu@ent was considered to be sufficient.

Given the above reasons, we restrict the analygtsis chapter to a theoretical discussion of the
factors that contribute on the cost and benefegsigroviding arguments in favour and against

of different policy options.

Policy options regarding competition

As said, there are risks with respect to indepenfigrctioning and financing of the network
businesses that are part of holdings. This speates/our of complete unbundling of networks
from the holdings. The role of the transmissionnseugt of the industry is especially important.
Therefore, in this report, we analyse options thatis on regional transmission in more detail.
In this section we first discuss the pros and adrsplitting regional transmission networks
from distribution. Secondly, we present argument&vour and against of merging regional

transmission with TenneT.

As explained, historically regional distributionmpanies in the Netherlands operate also a part
of transmission grid. Given important differencestng between transmission and

distribution businesses (e.g. differences in preeggnd in impacts that the two businesses
exert on the electricity market), it may be reasbmdo separate the two.

This would bring a number of advantages. Firsyatild provide more transparency regarding
costs associated with each activity and thus wiadiitate controllability and comparability of
the companies’ performance. Furthermore, the cupeposal of DTe regarding the regulation
of the transmission system operator, TenneT, featsome special characteristics, different
from those for distribution companies (‘revenue’dagtead of ‘price cap®). It may make

sense to study the possibility of extending thietgtroposal to regional transmission grids. The
latter becomes technically feasible as soon asmegiransmission is unbundled from
distribution.

%8 See ‘NRC Handelsblad’ (February 8, 2003) for more detail regarding the age of electricity networks in the Netherlands.
% The proposal is outlined in the DTe Consultation Document on TenneT. The legislative basis necessary for the
implementation of this proposal has still to be made.
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On the other hand, although economically reasonahteh a major restructuring of the
networks may appear to be difficult to implemerst §ay highly political issue, this may raise
opposition and possibly involve high transactiosteh Also, it may appear that there are some
operational reasons for keeping regional transonis& be integrated with regional distribution.
In this sense, interviews with representativedefindustry and DTe may be helpful. It is also
useful to look at the choice of other countriesarding this issue. For example in Norway,
some part of regional transmission is done byibistion companie&

Notice also that TenneT has already taken overegienal transmission netwofkand might
be planning to buy some other transmission netwiorkise future. Therefore, it is good to
evaluate the option of merging the transmissiowasks with TenneT against the option of
creating independent regional transmission comganiiee discuss the pros and cons of these

two developments in the reminder of this section.

There are two advantages of allocating all transimisactivities to the national transmission
system operator, who is also the major electrinigrket facilitator in the Netherlands and the
owner of the Amsterdam Power Exchange (APX). Fihés, would secure a good coordination
of national and regional transmission businessdsfair complete independence of production
and retail businesses. Secondly, given that theaoi literature points out economies of scale
in transmission (e.g., Dismukes et al., 1998} likiely that efficiency gains may arise from the

synergy.

On the other hand, the option of merged transmiss&iwork presents difficulties for
evaluating the performance and for regulation giaeal transmission. The regulator may not
be able to benchmark, thus would have to resatléss high-powered regulation regime than
yardstick competition.

The issue of privatisation of distribution companies triggered a political debate in the
Netherlands. In connection with this, we notice tha option of merging transmission
networks is more feasible to implement, when distion companies are still public. Regional
transmission businesses and the correspondingsdsgwres’) could be simply reallocated to
TenneT, while remaining owned by the local autlesitin such a way, the local authorities

% The issue of joined ownership of regional transmission and generation has been discussed in Norway, however from a
different perspective. The Norwegian electricity supply system is dominated by hydropower, which provides some flexibility
to shift production over time. This may allow a dominant producer to exploit potential bottlenecks strategically, which causes
welfare losses. For example, Skaar and Sgrgard (2003) analyse the effects of acquisitions of electricity plants in the
presence of transmission bottlenecks.

®1"As a result of this transaction, TenneT now owns some 40% of the national transmission grid, the remainder being owned
by five regional grid administrators. It is TenneT’s ambition for efficiency reasons to amalgamate these five grids as well, as
this would enable the central management of monitoring, maintenance and investment,” according to the press release of
December 18, 2003 (http://www.tennet.nl).
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together with the State would become co-ownerseminET. Restructuring network businesses
with private companies is probably to involve minigher transaction costs, since in the latter
case the shares would have to be bought from prpaitties.

Policy options regarding regulation of reliab ility of network services

It has been recognised that reliability has a vétua customer. However, it is not
straightforward how to estimate the benefits ofaf#lity. In particular, many efforts in
economic literature were devoted to this issue éSat al. 1990). Given that customer
valuation may vary per region and over time, weilbdégjs section with reviewing recent
empirical results on the consumer value of lostl limethe Netherlands, and then turn to the

analysis of policy options with respect to relighibf networks.

The valuation of the consumer interruption cost meyelpful for network companies to
prioritise their actions. The Dutch TSO TenneT fe®ntly commissioned a study to
investigate the consumer value of lost load fofled#nt regions and different customer groups
in the Netherlands. The study shows that thereligmeepancies in the estimates of lost load for
different regions and across industries, and batwedustry and households. On the basis of
the comparison of the total cost of a one hour uipperruption, Nooij et al. (2003) concludes:
“The damage is largest in the regions with thedatdutch cities. The large number of people
living in these areas and the large size of theieeisector causes the cost to be especially high
in and around the large cities.”

Let us proceed with the analysis of the three padigtions that we introduced in section 6.3.2.
First, we notice that the base policy does not ideincentives to optimise the relationship
between cost and quality. On the contrary, it plesiincentives to the companies to reduce
cost by degrading quality downwards to stay jusivatthe minimum standard. If for a

particular interruption a threshold of four houestbeen overrun, there is no sufficient pressure
to resume the service as soon as possible. Althoogltould object to this that employees of
network (still public) companies have a strongiirgic motivation to keep quality high, this
consideration may not survive the increasing presstieconomic incentives.

Benefits of the first alternative policy are assbeil with eliminating incentives to both over-
and underinvestment by network companies; andetbier, with optimising the investment
patterns of network companies to maximise socidfane Therefore, PQRS is superior to the
base alternative. Figure 6.1 illustrates this pditie graph shows the relationship between
reliability and the total social cost (includingnsmmer disutility from interruptions) of
provision of one unit of service. The cost is mialiii companies take into account customer
preferences regarding reliability, which correspotaithe first alternative policy (PQRS). The
graph also shows that the base alternative is e¢edavith higher social costs and is expected
to result in a deterioration of reliability.
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Figure 6.1

Social costs
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Regarding the second alternative, it is uncleartidrethe current level of reliability is below or
above the socially desirable level. Therefore pbikcy of maintaining of the current (pre-
liberalisation) reliability level may be also sulbiopal.

lllustration of the relationship between reliability and total social cost, including consu mer

base PQRS Reliability
alternative
current current
level (?) level (?)

The theoretical analysis shows that the overadia2fbf the first alternative is likely to be
welfare improving. However, we do not have sufiitiempirical evidence to test this and to
guantify the effect. As said, integrated price-gyakgulation with similar features has been by
now implemented in Norway (in 2001). Given the tilag existing between the moment of
‘investment in quality’ and the moment when it véllow up in reliability statistics, we do not
have sufficient historic data regarding the effefcthis policy.

Conclusions

In this chapter we have analysed risks relatedettricity networks and policy options to
mitigate these risks. We identified two groupsisks. First, there are risks that relate to the
role of networks in facilitation of competition @lectricity generation and supply. The second
group of risks is associated with the conditiothaf network infrastructure. We stress the
importance of independence and financial stabdftgetworks, as well as the importance of
regulation design in mitigating these risks.
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We first address the issue of independence anddiabstability of network operators and
corresponding policy options. The current situatiothe Netherlands is that the regional
network companies belong to the regional utilitydivogs that perform different activities, in
particular, electricity generation and supply. Tihisoduces risks related to market functioning
and to financing of network investment. We strégsimportance of independent functioning of
networks in mitigating these risks. We discuss pmbcy options that focus on increasing
independence of regional transmission networksttrg a number of independent regional
transmission companies and merging regional trassan with the Dutch Transmission
System Operator (TenneT). Both options would inga@westructuring of the industry.
Qualitatively, we highlight the trade offs thatsariwith respect to these two options. A deeper
analysis and consultations regarding all optiomsluiding the option not to split regional
transmission from distribution, would be neededgsess their overall effect on social welfare.

Furthermore, we discuss policy options with respecegulation of reliability of regional
networks. We consider three policy options: theenirregulation of reliability, the new DTe
proposal, and the option of maintaining the predéisation level of reliability. The base
policy, which is currently in place, specifies mmimim quality standards and compensations for
their violation. The first alternative, the new Dpeposal, integrates tariff regulation with
regulation of reliability, and relates the fines fiaterruptions to the customer disutility. The
second alternative imposes the pre-liberalisatdiability level as a target. On the basis of the
theory, we can say that the base policy optionréeiily in place) does not safeguard reliability
and may eventually lead to reliability decreasdewéehe optimal level. The new DTe proposal
is more effective. The alternative policy optionnedintaining the pre-liberalisation reliability
level is also suboptimal to the DTe proposal.
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7.1

7.2

7.2.1

INTRODUCTION

Concluding remarks
Introduction

This chapter summarises the main results of thelmrsefit analysis (section 7.2), depicts a few
caveats of this analysis (section 7.3), and dessrilur main conclusions regarding the
efficiency of security of supply policies as wedl the usefulness of the analytical framework
developed (section 7.4).

The cost-benefit analysis of eight policy optio ns

Policy measures regarding risks on the oil ma  rket

The major risks on the oil market consist of adegeyso-political events leading to a surging oil
price during a short period of time, and executbmarket power by oil-producing countries
resulting in a longer lasting rise in the oil priée obvious measure directed at the former
crisis is investing in strategic oil stocks in artle release oil and, hence, to reduce price effect
of the crisis. In this report, we looked into thestand benefits of extending the strategic oil
stocks by 33%, as is recently proposed by the Casion of the European Union (COM,
2002). The second risk could be dealt with by asasawhich reduces the vulnerability to oil
price movements, such as stimulation of the usdarhass in the transport and chemical

sectors.

Extending the emergency oil stocks

The benefits of additional investments in strategiictocks depend heavily on the frequency,
duration and extent of disruptions in the supplpibfAn expansion of the stocks by 33%
would need a disruption of 10 million barrels a d&jeast once in every 7 years (see figure
7.1). Although the frequency of disruptions on tlilenarket was higher than 7 in the past
decades, the extent of the disruptions was mucliesmia the future, however, larger
disruptions could be expected. In particular paditiunrest in major Middle East countries
could result in a large and sudden decline in @tpction. We conclude that extending
strategic oil stocks internationally is not an @8t policy measure, unless one appraises the

risk of a long-lasting crisis as a relatively highe.
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Figure 7.1 Break-even frequency of expanding the em  ergency oil stocks
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Matters are quite different for the case of sulssitibn of the use of fuel in transport and the
chemical industry as a means to reduce the depepaenoil. Even if the crude oil price would
permanently be at a 20% higher level, this optiataiés high losses to welfare. The benefits in
terms of less loss of national income and lessaradmissions are, by and large, not sufficient
to compensate for the high costs of using bionEss. conclusion does not change if we alter
key assumptions underlying the calculations (speréi 7.2).
Figure 7.2 Break-even frequency of subsidising the use of biomass
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7.2.2 Policy measures regarding risks on the natura | gas market
The natural gas market faces two major risks: ficsgaht swing capacity and execution of
market power by gas-producing countries. The fomsérstems from introduction of
competition in the natural gas market, making itwesits in flexibility options dependent on
private profitability concerns, and the continuthecrease in the swing capabilities of the
Groningen natural-gas field. The risk of market povg caused by growing dependence of
Europe on a relatively small number of non-Europeataral-gas producers.

A policy option to reduce the risk of insufficigftexibility within the natural gas market is
capping production from the Groningen field. Thasequences of the execution of market
power by producing countries could be dealt withdbgreasing the use of natural gas. An
example of such a measure, which we analysedcisueaging diversification within the power
sector. Market power will hardly be affected byttheeasure, but vulnerability of the economy
to the consequences of executing market powerh{géer prices) would be decreased.

Capping the production from the Groningen field

Extending the lifetime of the huge Groningen gakifas a swing supplier by capping the
annual production at 30 billion cubic meters indines costs of postponing realisation of
resource rents. The discounted value of these iatout 2.4 billion euro as is observable in
figure 7.3.

Figure 7.3 Break-even frequency of capping the prod  uction from the Groningen field (crisis: price upsu rge)
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Figure 7.4

Million euro (present value)
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Imposing this cap on production from the Gronin§ield means that the swing function of
Groningen would be prolonged by about four yeatss proposed policy measure would
generate benefits if disturbances on the natusahgarket occur during the additional lifetime

of the Groningen swing function. If a severely calishter led to surging prices and the
Groningen field is unable to supply swing, the Meftinds would have to import natural gas at
rocketing prices which would yield a loss to wedfarhe discounted benefits of the policy
measure, in case of a doubling of the natural gaspover a full winter season, are assessed at
about 5.6 billion euro. As a result, the break-efrequency of that crisis is once every 2.3
years. Varying the discount rate, the magnitudin@fprice increase or the underlying gas price
scenario does not significantly alter the breakrefvequency.

A severely cold winter could lead to physical shges. The (discounted) costs of a blackout of
the gas network during 24 hours in the South-WesieNetherlands, followed by a three day
period in which damage to pipeline and heatingesyistis mended and production is started up
again, are about 509 million euro (see figure Af4.cap on production from Groningen would
be installed, such a crisis could be avertedvifatild occur within the prolonged period of four
years. However, this crisis needs to occur abdimés a year to make the policy measure
efficient. Such a high frequency of severe coldterisiis not probable, making the measure
extremely expensive. This result is highly insémsito changes in discount rate, duration of the
shortage and assumed gas price scenario. Desjgitticlusion, the question remains whether
capping production from the Groningen field woutddficient if this issue is analysed from a
broader perspective than that of security of supfiype. In order to answer this question,
additional research should be conducted.

Break-even frequency of capping the prod  uction from the Groningen field (crisis: gas shorta ge)
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Encouraging diversification within the power sector

Substitution of gas-fired plants by wind turbinesal-fired plants or nuclear plants appears also
to be expensive. This type of policy is meant tue effects of a gas price surge for electricity
prices. The least expensive option, substitutiomiglear plants has annual average costs of 5
million euro (see figure 7.5). The benefits in caba crisis, defined as a 50% rise in gas prices
for one year, amounts to 12.8 million euro. Assule the break-even frequency is once every
2.5 years.

The discount rate has a minor impact on the outcevhde using a higher valuation for carbon
emissions would lead to negative costs for theoopiimplying that it is viable by itself, i.e.
even without a crisis. If we assume a considerhlgiier load factor for electricity plants, the
policy option of substituting gas-fired power geatern by nuclear power would be viable at a
frequency of a gas price spike of once every 53syea

Figure 7.5 Break-even frequency of diversifying the power sector from gas-fired towards nuclear genera  tion
plants (large scale)
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7.2.3 Policy measures regarding risks on the electr  icity market

The key risks on the electricity market refer te #bility of the power sector to meet demand at
all times, and the threat of execution of marketg@oby producers.

Measures such as capacity markets, reserve can&nagtcapacity payments can give power
producers additional incentives to invest in peapacity. Consequences of execution of market
power (i.e. high prices) can be softened by redyose of electricity. We analysed the effects
of raising taxes on the use of this energy carrier.
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Creating incentives for investments in generation ¢ apacity

We analysed several instruments aimed at rewaxdingra-normal) peak capacity for being
available, rather than for its output alone. Theskcies are aimed at inducing the formation of
spare capacity that may be used in case of capstaityages. These measures (capacity
markets, reserve contracts and capacity paymergsjad efficient, as the costs to welfare of
price spikes are lower than the costs of the pajmyons, unless price spikes occur in an
implausible high frequency.

Capacity payments are unable to prevent blackastthey do not induce enough investments
in spare capacity. Blackouts can be prevented pgaity markets and reserve contracts. The
break-even frequency for the most cost-effectivéhe§e options (capacity markets) is once
every 4.1 years, implying that even if a 24-hoarckbut of the Randstad area occurred every
four years, it would be wiser to accept the consagas of the blackout than to prevent it (see
figure 7.6). Varying the discount rate between 8 &0 percent does not affect this result.

Figure 7.6 Break-even frequency of establishingac  apacity market in the power sector
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Given the design of the measures encouraging ppreelucers to invest in peak capacity, we
conclude that they incur relatively high costs. Tigh costs of capacity markets and reserve
contracts follow from the fact that generating aatyas left idle; capacity payments appear to
be expensive because of large welfare effects edlby price increases.
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Figure 7.7
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Raising the levy on the use of electricity

Taxing electricity may impact supply security iretitly. Taxation cannot prevent a crisis, but it
may reduce energy use, and thus decrease the egenarmerability to price shocks. Our
analysis shows that a price increase of 50% oyeriad of one year should happen at least

once every 4.2 year to make the policy efficiere(8gure 7.7).

The result is fairly robust to changes in assunmgtiand suggests that the policy is not viable
from a supply security point of view. The welfaféeets of raising electricity taxes are reduced
further if an international emissions trading sysexists. A lower discount rate would change
the break-even frequency to once every 3.8 yedrsremas higher valuations of carbon

emissions lead to a slight decrease of the break-&requency.

Break-even frequency of raising the levy  on the use of electricity by 1%
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The costs of the policy option are borne mosthekeetricity producers. Households contribute
somewhat more than proportionally; manufacturind services slightly less. Households reap
the larger part of the benefits of the policy measufollowed by electricity producers. Overall,
the differences between stakeholders are relatasralgll.
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Policy measures regarding risks on the electr icity network

Within electricity networks, we identified two gnpsi of risks. The first group of risks consists
of risks that relate to the role of networks iniligation of competition in electricity generation
and supply. The second group of risks is associaittdthe condition of the network

infrastructure.

We address the issue of independence and finastalaility of network operators and
corresponding policy options. The current situatiothe Netherlands is that the regional
network companies belong to the regional utilitydivogs that perform different activities, in
particular, electricity generation and supply. Tihisoduces risks related to market functioning
and to financing of network investment. We strégsimportance of independent functioning of
networks in mitigating these risks. We discuss pmbcy options that focus on increasing
independence of regional transmission networksttrg a number of independent regional
transmission companies and merging regional trassan with the Dutch Transmission
System Operator (TenneT). Both options would inga@westructuring of the industry.
Qualitatively, we highlight the trade offs thatsariwith respect to these two options. A deeper
analysis and consultations regarding all optiomsluiding the option not to split regional
transmission from distribution, would be neededgsess their overall effect on social welfare.

Furthermore, we discuss policy options with respecegulation of reliability of regional
networks. The base policy, which is currently iaqd, specifies minimum quality standards and
penalties for their violation. The first alternatj\the new DTe proposal, integrates tariff
regulation with regulation of reliability, and rétg the fines for interruptions to customer
disutility. The second alternative imposes the enir{pre-liberalisation) reliability level as a
target. On the basis of the theory, we can saythigabase policy option (currently in place)
does not safeguard reliability and may eventuaadlto reliability decreases below the optimal
level. The new DTe proposal is more effective. @lernative policy option of maintaining the
pre-liberalisation reliability level is also subopal to the DTe proposal.

A few caveats

The set of policy options analysed has primarilgrbehosen because of methodological
reasons: to develop and apply the framework of-besgefit analysis. In order to fully assess the
role of governments in the field of security of plyp several other options have to be analysed
as well. Moreover, we analyse the costs and besnaffikach option given a defined design
instead of searching for the optimal design. Thiaklly, the latter is more appealing. In
practice, however, defining the optimal design pbéicy option requires a far more profound
analysis than has been conducted in this repois.ifiiplies that this project does not give the

final answer regarding the role of governments.
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GENERAL CONCLUSIONS

Results of a cost-benefit analysis offer only pdithe information needed for decision making.
Some effects are not measurable and accounted figgra memoriaitem. In the decision
making process, these effects should be assessedyér. Moreover, the distribution of costs
and benefits within society generally play an intpot role in that process. In our analysis, we
analysed the distribution effects at a fairly agaite level only.

These two caveats hold for any cost-benefit amalysapplied to risks, an additional caveat
should be mentioned, being the risk attitude ofsiec makers. If governments are risk averse,
for instance because of a suspected effect ok @m the reputation of politicians, or if
societies as a whole are risk averse, the intexfioetof the break-even frequency shifts in

favour of the policy measures.

Finally, as is the case with any research, thdtsesfithe analysis are based on several
assumptions, among which assumptions regardindebigin of the policy measure. In order to
assess the impact of assumptions chosen on thenoeiteve analysed the sensitivity. It appears
that the results are generally fairly robust foamges in the assumptions.

General conclusions

Energy policies and risks on energy markets

The general picture following from the cases stddiethat security of supply policy is hardly
ever beneficial to welfare. From an economic pointiew, it would be often wiser to accept
consequences of supply disruptions than to purscgrisy of supply at any price. This implies
that governments should execute caution in imposiagsures regarding security of supply. If
serious market failure is detected, careful attensihould be paid to the design of the measure.

Looking at the cases from a higher abstractionlJeve notice two types of solutions to supply
security problems. The first solution is the forimator extension of stocks, either in the form
of energy stocks or stocks of production capadibe second type of solution is bringing down
demand of specific energy types, in order to redneeeconomy’s vulnerability to shocks in the

price of that type of energy.

The first type of solutions includes oil stock fation, prolonging the lifespan of the swing
function of the Groningen field and measures aiatsidcreasing spare capacity in electricity
production. These options have in common that Het¢yaside a proportion of potentially
productive assets, which makes the options verycdshey also have in common that they do
not intervene too strongly in the market, leaviagm for allocative efficiency. This implies

that the costliness of setting aside the produessets is the main drawback, the magnitude of
which is directly related to the magnitude of tlodiqy measure. The above suggests that the
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optimal design of the first type of solutions liadinding the right size of the policy measure.
In other words, both market failure and governniaihtire regard théevelof stocks.

The second type of solutions aims at reducing defanspecific energy carriers and includes
energy taxation, substitution of oil products bgrhass and substitution of gas-fired power
plants by other forms of electricity generatione$é solutions do intervene in the energy
markets concerned, and often in a drastic way. Winehis is a real problem also depends on
two things. First, the (un)desirability of the dahie substitutes matters, as we can see by
comparing the case of substitution of gas-firech{dldo the case of substitution of oil by
biofuels. The second aspect concerns the sidetefiéthe measure. Substituting away from
environmentally harmful fuels decreases externaiscand thus lowers the net costs of the
policy option. The larger the reduction in extercasts is, the larger the chance is that the
policy is economically viable.

The results of our analysis show that in some casegets fail to deal with all costs and
benefits of security of supply measures. The oilkaiais an obvious example. Benefits of
investments in strategic oil stocks do not fullgrae to the investors, but also to other parts of
the economy. As a result, private firms will invésts in these stocks than governments. In
most other cases, however, markets succeed isirgph sufficient level of security of supply.
Moreover, in several cases where market failudetected, costs of government action are
often higher than benefits generated. This is @ajpethe case for policy options concerning
subsidisation, i.e. capacity payments and subistitwf oil products by bio-fuels. As we
analysed only a number of policy options insteadavering the total range of options,
additional research would be necessary to arriveasie well-founded conclusions.

If markets function well, prices will give produsencentives to invest if supply becomes
scarce, while at the same time consumers are egedito reduce demand. This price
mechanism enables markets to match supply and demégll-functioning markets may be
prone to price spikes, as our cases of both thamggelectricity markets suggest. Note however
that welfare effects of price spikes in these casesmall in comparison to the costs of policies
directed at preventing these spikes. If pricesataeflect real scarcity or producers or
consumers are not able to respond to changesdespisecurity of supply problems could
appear. Therefore, establishing and maintainind-fuakttioning markets appears to be an
efficient approach in realising a secure supplgrrgy.

Market design plays a crucial role here and incuttie removal of entry barriers, securing
equal access to essential facilities, such as mkssand storage, and solving information
problems. The example of the crisis in Califorrtiaws how tremendous the consequences of

flaws in ‘market architecture’ can be.
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GENERAL CONCLUSIONS

Cost-benefit analysis

The framework for cost-benefit analysis developethis report offers a straightforward way of
analysing costs and benefits. Calculating the beza frequency appears to be a fruitful
approach in dealing with risks. The cost-benefibrfework enables researchers and politicians
to think systematically about consequences of #ganirsupply measures. In addition, the
framework includes definitions of key elementstwd tost-benefit analysis, making it easier to
apply the framework to new cases. This does nolyittyat any new application of the
framework is as easy as a routine job. In every-berefit analysis, researchers have to analyse
specific characteristics of risks and policy meaégjrat stake.

What are the conditions for a useful applicationhaf framework? Above all, the policy
measure should be well defined. If the descriptibthe measure is vague about the direct
effects of the measure, it is impossible to conduobst-benefit analysis. Secondly, it must be
clear to which type of disturbance(s) the measudirected. Next, one should be able to
compare the computed break-even frequency witlptbleability of occurrence of the
disturbance(s) in reality. If these conditions saisfied, the framework can be used in
assessing policy measures. The results of the sinahdicate which policy options contribute
to welfare and which do not. Whether the governnséould implement options remains a
political decision that involves taking into accowoither aspects, in particular the attitude of
society towards risks.
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APPENDIX 1 RISKS ON ENERGY MARKETS AND ENERGY POLICIES

Appendix 1 Risks on energy markets and energy
policies *

Risks on energy markets

Horsnell (2000), in his analysis of the probatshtiof oil market disruption, distinguishes two
types ofdiscontinuitiesand three types afisruptions A policy discontinuityarises from the
consequences of changes in producer policies,untdes with spare production capacity. A
fundamental discontinuitgrises from the dynamics of supply and demandraralves the
inability of the supply system to meet the levehafional demand. As Horsnell argues, the first
oil shock was close to a fundamental discontintaty, it was made manifest through an export
restriction disruption. He refers to three typeswbply disruptions, defined as a sudden
truncation of supply. First, the inability of a pitecing country to export because of either
internal (civil unrest or war), or external condits, are called force majeure disruptigran
example of this is the second oil shock. Secoreltpprt restriction disruptiolis a deliberate
restriction of exports by a producer, or group fducers, for political or strategic ends.
Finally, theembargo disruptioris a restraint placed by consuming countries eroithexports

of specific countries, such as for example durlrgg®ulf Crisis of 1990.

Reasons for intervention by governments

Security of supply has always been - and stilldas ambiguous phenomenon, drawing on two
different ratios: the paradigms wée tradeand ofindependencerlhe former is the economic
rationale, grounded in international trade thedihyis rationale highlights the efficiency and
welfare gains of specialisation and internationaisibn of labour. Accordingly, the several
types of energy should be produced in those camthiat are able to provide those at the
lowest relative cost. This requires that goodduiiog energy, can be traded and transported
freely from one country to another. National enemtgrkets are to be integrated to the extent
that the process of producing and trading energpisonfined to the national territory. This
implies that two conditions have to be fulfilledstly, the trade regimes of countries should not
place any explicit restrictions on internationalde but should provide for a dismantlement of
implicit barriers; secondly, it requires the preseof physical infrastructure to efficiently
transport energy between and within countries, sischipelines, ports, railroads.

Yet, however rational the logic of internationade may seem, it can be observed that,
historically, free trade in energy has been ayaircommon phenomenon (Clarke 1990).
Indeed, most of the time and in many countriesragibns, trade in energy has been limited
and restricted by all kinds of rules, regulatioe@ditions and concessions. Often the
construction of international transport infrastiues has been (and is) blocked by or - at least —
controlled by national and international politidgerventions. Moreover, it was (and still is)

 This appendix is based on Correlje (2003).
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customary that countries devote large amountspifalaand resources to the indigenous
production of comparatively expensive energy, degpie fact that more convenient and lower
cost substitutes are readily available in the warlitket or even in neighbouring countries. So,
there must be good reasons why countries reje@dbromic efficiency rationale and decide to
strive for a certain degree of independence inggnsupply. One reason is the idea that
dependency on external resources might becomatagitr disadvantage in times of war or
could be used as a weapon in trade conflicts. Maeadt would make countries vulnerable to
price fluctuations in international markets, cadsturbances in their balances of payments,
etc.

Another class of arguments often refers to secofigupply issues, but the underlying
motivation is the protection of the activities anterests of the national industrial energy
sector, plus the workforce and technology clustarsived. An additional reason might be the
fact that the state collects revenues from theddtgtion of such ventures. Finally, it is often
heard that the resource endowments of a countnyldt@ exploited to the "benefit of the
nation" and be reserved preferentially for usetbyationals - as if these nationals have a
‘natural’ exclusive right of access to these resesr
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Appendix 2 Exploration of future risks on the glo bal
market for oil, coal and uranium *

The aim of this study is to investigate the futtis&s to supply for the global markets for oil,
coal and uranium. The study forms part of an iratggt project by the CPB Netherlands Bureau
for Economic Policy Analysis, which is developinframework for a cost benefit analysis of
energy supply security policy. This study is diddato four sections. The first section deals
with the issues and definitions that relate tortteaning of security of supply. The following
three sections deal in turn with the risks to fatsupply for oil, coal and uranium.

The analysis has examined the impact that supphypiiions have had in the past, the events
that have disturbed energy supply and the affextttiey have had on prices, on the economy
and on society. For each commodity we have analysegolitical, economic, institutional and
technical risks and have qualitatively assesseéhtpact that each might have on the two price
scenarios provided by the CPB. We also discuspdliey responses that governments have
adopted in the aftermath of supply disruptions.

The report commences with a discussion of the digfinof security of supply and the link to
the potential for supply disruptions. The analydiews that the political concept of ‘security’
applied to supply does not cover all cases of Samit price rises. Security seems to refer more
particularly to situations free from physical intgstions of production or distribution due either
to political factors and events or to accidenteuBigy is a matter of probability: the greater the
chances of these accidents or events occurringi¢lager the security. But price rises may
occur because of depletion, miscalculations alfeutate of investment required, flawed
policies, shifts in demand and a host of other eau®ne need, therefore, to consider the issue
in a broader framework than primarily suggestedhayterm ‘security’ unless it's meaning is
stretched so wide that it becomes both all-embgaaimd devoid of analytical power. It is for
this reason that in this study we have examinedsthee of supply disruptions in the context of
economic, technical, institutional and politicattiars.

Our conclusions for the potential for supply digiops for oil show that in the short term under
both the ‘High Growth’ and ‘Low Growth’ scenaridke most probable disturbance that may
occur in the near future will be due to a war exrThe immediate impact will be a loss of 2
million b/d of Iraqi oil in the world petroleum maat. Should Iraq succeed in retaliating on oil
installations in Saudi Arabia or Kuwait (probalyilO per cent) oil prices will quickly rise to
the $40 per barrel level. If major damage is causdbese installations prices may well move
higher, that is close to $45 or $50 per barreldgpkending on the damage the duration of the
price rise will be of the order of several montifistaq fails to attack its neighbours, the

* This text is the summary of the report written by the Oxford Institute for Energy Studies (OIES, 2003).
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military operation ends quickly and Saddam Hussdeis not set the oil wells on fire, oil prices
will quickly fall from the current $25 per barr@el to $20 or even $18 d/b. Under both the
‘Low Growth’ and ‘High Growth’ scenarios, terrorigttion against oil instillations or tankers is
possible (probability 30 per cent for oil field€) per cent for pipelines, tankers and other
isolated plants) but the probability of major digians is low (less than 5 per cent).

In the medium term the potential for supply disiops to oil under both the ‘Low Growth’ and
‘High Growth’ scenarios, include the probabilityatrisis in Saudi Arabia and indeed in other
major Gulf countries (including Iran) increaseshitihte passage of time. But the period from
2005 to 2010 is one during which additional supptieay be reaching the market from the
Caspian, the West African offshore and perhaps figracified Irag. Russian output would
have built up in the immediately preceding yearsiléthe probability of a crisis increases the
magnitude of the impact on prices may be mitigdigthe increase in supply. Terrorism will
continue to represent a threat (similar probabd#yfor the short term) but the risk of serious
damage is likely to diminish because of improveclisiéy measures.

In the medium term, however, certain political fsaeelating to human rights, environmental
issues, or an anti-corruption drive may have gamedentum. Other things being equal these
may restrict investments in capacity and restugipdies. Economic difficulties in certain
countries, not only in Latin America, Africa or loesia but also in Russia or the Caspian
could restrict investment. The overall supply ditawill thus depend on the magnitude of the
positive shifts due to new capacity compared withriegative shifts due to insufficient
investment in new capacity or in workovers needaefight natural decline in old fields.

Our view of the medium-term is one of fairly weakprices with the possibility of a price
spike resulting from a political incident in Saddiabia. During that incident whose probability
is in the order of 20-25 per cent prices could wkthb to $50 per barrel. The risk of a political
incident in Saudi Arabia is more likely under th®w Growth’ scenario, which envisages flat
real oil prices

The very long-term problem is one of oil depletard the rate at which fuel substitutes and
new fuel-using types of engines are developed atet ¢he market. But this is a problem that
will begin to be felt around 2020 or a bit latehéelperiod between 2015 and 2020 or 2025
could witness the beginnings of a tighter suppiyagion because the big increases from lIraq,
Russia, West Africa and Venezuela would have oeclim earlier years. Oil prices will then
rise and stimulate R & D substitutes, actual stlistin and reduction in demand. In other
words this would be a period leading to major atp@nts in the longer term (2025 — 2040).
The risk of supply disruption in the longer termeda depletion is much more likely under the
‘High Growth’ scenario than under the ‘Low Growstenario.
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With regards to the policy response to disruptiohsil supply, our view is that governments
are always inclined to favour fiscal policies am@ans to limit the demand for oil and, other
things being equal, to reduce imports. The firatten to a crisis is, therefore, likely to be an
increase in excise taxes on automotive fuels. iBhiseferred to subsidies to alternative fuels or
research and development since taxes bring in tegewhereas subsidies are an expense.
There are instances, however, where encouragingsapplies may be more effective than
discouraging demand.

Coal still makes a significant contribution to pam energy demand and is at present only
exceeded by oil. Although coal reserves are vasdtaaa widely dispersed, consumption is
increasingly concentrating in a small number ofrtdas and in a few major uses. Nearly two-
thirds of total world coal consumption is accounfiedin just four countries namely China,
United States, India and Russia. However, the velofiremaining reserves remains high with
OECD countries accounting for over 60 per centxpeting countries. In addition, the USA is
expected to remain the swing producer for coah@nldnger-term. As a result, concerns over
coal supply security are likely to remain minimapecially as almost half of current reserves
are located in OECD countries.

The key potential supply disturbance that we hdeatified relates to environmental pressure
and the impact that this could have on demand. Sqadrticularly vulnerable as it contributes
38 per cent of the world’s total carbon emissiaosifcommercial fuels, and is also a major
source of sulphur dioxide and nitrous oxides eraissias well as particulates and other
environmental hazards. The greater the environrhprgasure on the industry the greater the
likelihood that this could lead to downward presson prices in the medium-term. In the
longer-term this could affect investment decisiand put upward pressure on prices. However,
this upward pressure could be fully mitigated bpiovements in technology, the constant
pressure to reduce costs combined with the vastires base available.

With regards to uranium, current demand can bebyerimary production and by secondary
sources from stockpiles and inventories. The uramesource base is large enough to support
even the most optimistic of demand assumptionglaadeserves are located mainly in OECD
countries. In the near-term, primary and secondeagium resources will be able to meet both
optimistic and pessimistic demand forecasts. Imteelium-term, secondary sources will be
depleted but current production and current devakgs of primary uranium should be
sufficient to supply both optimistic and pessintstemand forecasts. In the long-term,
significant new sources of uranium will need todeeeloped to meet rising demand. This will
require significantly higher prices to justify némwestment.

In the near term, the real risks to supply coulchedrom disruptions in secondary supplies of
uranium. Such disruptions are likely to be shartdi and cause spikes in the uranium price. In
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the longer term, economic factors are more likelgause supply disruptions if prices do not
recover to levels that justify new investment diecis. However, political factors and the
introduction of new technology could suppress defrfanuranium if the nuclear industry goes
into decline.
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Appendix 3 Policy options directed at securing th e
supply of energy '

Policies for security of energy supply can be shdapanany ways and can be applied at
different points in the supply chain. For examplelicies could focus on prevention of
potential disturbances of energy supply or policiesld focus on reduction of negative
economic impacts of an actual disruption of enexgyply. In order to structure the different
policy goals and instruments for supply securitg, distinguish the following three points of
application for policy intervention:

preventing disturbances;
reducing vulnerability of the economy;
mitigating adverse effects of disturbances.

Within each of these three categories, governnmmikl achieve different policy goals through
national policies orinternationalpolicies. We distinguish three types of nationaliges:

regulation;
market based instruments;

voluntary agreements and provision of information.

In the tables below, we present different typepalicy options for four types of risks for
energy security. The four risks distinguished are:

Increasing market power of oil supporters;
Increasing dependence of gas supply from Russidhenilliddle East;
Insufficient investments in generation capacity;

Insufficient investments in power and natural gesvorks.

* This appendix is based on CE(2003).
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Policy options dealing with risks of disruption of
Middle East oil exporters

Policy goal National policy instruments

Regulation Market-based  Voluntary
agreements /

information

Preventing disturbance
Preventing international
economic and political
crises

Increasing oil stocks
(reduces impact of OPEC
actions)

Expanding oil trade

Encouraging additional oil Promoting

supply from other regions investments by
(e.g. Africa) Western companies

in new regions

Reducing vulnerability

Encouraging energy Imposing energy Raisingtax on  Negotiating

efficiency standards agreements on long-

(EPN, EPL)

saving energy
term targets and

benchmarking

Reducing oil intensity Improving spatial planning Subsidising use

procedures for new wind  of biofuels

and gas sites

Ensuring access to
external oil supplies

Mitigating effects
Reducing negative
socio-economic

Imposing demand
constraints (e.g.’car-free
consequences days’) and reducing levies

on fuels

supply and price volatility due to increasing depen

dence on

International policy
instruments
(agreements,
partnerships)

Organising dialogue
with OPEC (through
IEA or EU)

Strengthening ol
stock mechanism (EU
and IEA)

Opening new markets
through WTO

Providing
development aid to
these regions

Extending or
intensifying the ACEA
convenant

Creating partnerships,
conserving of EU oll
resources, and
investing in pipelines
(e.g. to Caspian Sea)
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Policy options dealing with risks of disruption of

supply from Russia and the Middle East

Policy goal

Preventing disturbance
Preventing international
economic and political crises

Conserving domestic natural

gas reserves

Increasing competition on
international natural gas
market / expand rate

Encouraging additional
natural gas supply from
other regions (e.g. Africa)

Reducing vulnerability
Encouraging energy saving

Reducing gas intensity

Ensuring access to external

gas supplies

Mitigating effects
Reducing

economic consequences

National policy instruments

Regulation Market-based

Imposing a national
production cap

Subsidising production
from small fields

Promoting
harmonisation of gas
markets in EU
countries

Supporting investment

Imposing energy Raising tax on energy
efficiency standards

(EPN, EPL)

Improving spatial
planning procedures
for new wind and
biomass sites, and
regulating minimum
share of coal-fired
power plants

Supporting LNG
facilities , and
investments in
interconnections

negative socio- Regulating prices of

natural gas

supply and price volatility due to increasing depen

Voluntary
agreements /
information

Negotiating
agreement on
minimum storage
capacity

Negotiating
agreements on
long-term targets
and benchmarking

dence on gas

International policy

instruments
(agreements,
partnerships)

Organising dialogue

with Russia and M
East

iddle

Opening new markets

through WTO, and

promoting liberalisation

of Russian gas market

Creating partnerships,

conserving of EU gas

resources
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Policy options dealing with risks of disruption of

power generating capacity

Policy goal

Preventing disturbance
Improving market functioning
(in EU countries)

Ensuring minimum reserve
capacity

Increasing interconnections

Reducing vulnerability
Encouraging energy saving

Promoting substitution

Mitigating effects
Reducing negative socio-
economic consequences

supply and price volatility due to insufficient inv

National policy instruments

Regulation

Harmonising policy
in EU countries and
creating stock
market for installed
capacity

Imposing capacity
requirements

Promoting
competition

Imposing energy
efficiency standards
(EPN, EPL)

Regulating prices of
electricity

Market-based Voluntary
agreements /

information

Creating information
system for long-term
demand, supply,
import / export
(monitoring)

Imposing reserve
capacity payments

Charge on each kWh
transported to
finance reserve
capacity on
interconnections

Raising tax on Negotiating

energy agreements on long-
term targets and

benchmarking

Supporting industry
for investing in co-
generation

estments in

International policy
instruments
(agreements,
partnerships)

Organising
dialogue within EU
to speed up de-
regulation in other
countries

Agreements with
other EU countries
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Policy options dealing with risks of disruption of

distribution grids

Policy goal

Preventing disturbance
Improving market functioning
(in EU countries)

Ensuring minimum reserve
capacity and quality

Increasing interconnections

Reducing vulnerability
Encouraging energy saving

Promoting decentralised
generation and substitution

Mitigating effects
Reducing negative socio-
economic consequences

National policy instruments

Regulation

Harmonising

transport tariffs in EU of disruptions

countries

Imposing capacity

requirements,

minimum standard

disruptions, and
output standard
disruptions

Promoting
competition

Imposing energy

efficiency standards

(EPN, EPL)

Giving financial
compensations
for disruptions

within the network

Market-based Voluntary
agreements /

information

Internalising external costs  Creating

information

system for long-

term demand,
supply, import /
export

Imposing reserve capacity
payments, congestion
charge, and charge on each
kWh transported to finance
reserve capacity

Raising tax on energy Negotiating
agreements on
long-term
targets and

benchmarking

Subsidising investments in
decentralised generation,
dual-firing techniques and
household micro-generation

supply due to insufficient investments in power and gas

International
policy
instruments
(agreements,
partnerships)

Organising

dialogue within
EU to speed up
de-regulation in
other countries

Agreements with
other EU
countries
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Appendix 4 Costs of producing biofuels

Current level of costs

NOVEM (2003) assesses costs of directive 2003/304g@rding the blending of fossil fuels
and biofuels. Based on a survey of internationetdture, various estimates of additional costs
of blending biofuels with their fossil counterpaai® provided. For every production process,
NOVEM chooses the ‘best estimate’. These estinatesised to determine the extra costs per
litre of blending, according the percentages ingEhkdirective. The table below shows the
resulting additional costs of a 2% and 5.75% blend.

The EU requirement of 2 and 5.75% blend is defingdrms of energy content. This implies a
higher share in terms of volume as the energy abwtiethe biofuels is smaller than from fossil
fuels. The shares in terms of energy content ahgn®are given in columns two and three of
the table. The necessary duty reductions and ttresgonding costs to the government are
determined for two cases: ‘equal litre price’ aadual GJ price’. In the first case, the buyer of
the blended fuel is only compensated for the higlniee per litre of the blend. In the second
case, the buyer is also compensated for the fath#hhas to buy more litres in order to
compensate for the lower energy content of thecblemthis case, the additional cost to the
buyer (compared with the first case) consists efgtice of the extra litres of the blend and the

appropriate excise duty.

Necessary excise duties reductions in the Netherlan  ds to achieve equal pump price, in volumetricand e nergy

terms (current levels)

Share biofuel Additional costs (= excise Total costs (total excise
duty reduction) reduction
equal litre equal GJ equal litre equal GJ
energy volume price price price price

eurocent/litre million euro/year
Bioethanol/gasoline 2.0 2.9 0.8 1.7 10 60
Biodiesel/diesel 2.0 2.2 0.8 1.0 54 62
Total 64 122
Bioethanol/gasoline 5.75 8.2 2.2 4.7 29 176
Biodiesel/diesel 5.75 6.2 2.4 2.8 155 179
Total 184 355

Note: costs of bioethanol are based on average costs of conversion of wheat, sugar beat and residues; costs of
biodiesel are based on conversion of RME (Rapeseed Methyl Ester).Source: NOVEM (2003) and own calculations

Columns four and five of the table show the extrstg of blending. To prevent price

differences at the pump, the government shouldoe@wcise duties by the same amount. The
figures in the last two columns present the netatfbn the government budget. As we assume a
complete compensation for fuel consumers, thefapstes in the last column are used in our
cost-benefit analysis. These costs to the goverharerthe balance between the effect of lower
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excise duties per litre and the extra duties intad@ause of the larger volume sold. These total
costs are based on the volumes of gasoline andldielsl in 2002.

Future development

For the longer term various studies provide a wadege of possible production costs. RIVM
(2003) provides an overview of recent studies daréuproduction costs. In some cases cost
estimates for the long-term differ by more than%@0Q he table below is taken from RIVM
(2003).

Production costs of fossil fuels and biofuels/bio-e lectricity (USD/GJ)(well-to-fuel, long-term)
Primary energy Fuel Novem IEA/AFIS Johansson  Faaijetal. De Jager et UNDP
source (1999b) (1996) (1996) (2000a) al. (1998) (2000)

(long-term)  (long-term) (by 2015) (long-term) (by 2010) (long-term)

Crude oil gasoline 6 18 = 8 = 8-11
diesel 6 16 = = = 8-11
LPG 6 16 = = = =
Biomass ethanol 9-21 25 14-33 6 17 6-7
(cellulose) methanol 13 17 15-20 10 19-20 7-10
DME 12 19 -
hydrogen 19 22 15-19 10 17-18 6-8
FT-diesel/ 10
gasoline 19-22 = =
electricity = = 29 = = 11-17
Biomass
(starch/sugar) ethanol 21 38 23-35 25 = 8-25
Biomass
(oilseeds) biodiesel 23-57 30 23-41 20-25 24-40 15-25
Biomass
(all) 9-57 17-38 14-41 6-25 17-40 6-25

Source: RIVM (2003)

In the longer term, production costs of a new tépi decrease because of learning effects,
technological developments, or scale effects. Jeataxperience curves show the influence of
learning by describing the relationship betweerdpotion costs and the cumulative production
or use of a technology (IEA, 2000). In many cadesa show a progressive decrease in costs
through cumulative sales. The latter are genetegd as the measure of the experience
accumulated within the industry.

NOVEM (2003) expects costs for producing bioethamothe basis of wheat to decline by 8 %
up to 2010. Costs for producing bioethanol on theidof RME (Rapeseed Methyl Ester) are
expected to decrease by 3% in this period. Thidigm@ yearly cost reduction for bioethanol of
1.2% and for biodiesel of 0.4%. Compared to cadticdons realised with other energy
technologies these reductions seem to be rathdl. €& has to bear in mind, however, that
cost reductions only pertain to specific partshef production process. Parts based on already
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well developed technologies will only show smalstreductions or no reduction at all (see
also IEA, 2000, page 12, 13).

The U.S. Department of Energy (DOE/EIA, 2000) eatis that the cost of producing
bioethanol could decrease by 17-66% up to 2015as&ady improvements in cellulosic
conversion techniques. However, at present, comgecellulose-based feedstocks is still far
more expensive than converting corn or starch. RiEgathe latter, the U.S. Department
expects only limited further cost reductions as¢heonversion processes are already mature
techniques.

Using the present cost levels of currently alrefaityy mature techniques (i.e. wheat-based
techniques and RME-based techniques respectivedéyassume an overall yearly cost

reduction of 2%. Compared to the above NOVEM figuthis is a rather high rate of cost
reduction. In addition, we use a constant pricebfomass over the scenario period. Increasing
demand for biomass will likely have an upward dff@t biomass prices, whereas an increase in
the scale of production would have an oppositeceffeonsequently, we use quite optimistic
assumptions regarding the development of biomasts.co

In our Transatlantic Market scenario, the yearljumtes of gasoline and diesel sold over the
period up to 2040 increase by 50%. Up to 2010jrtbease in volumes is somewhat lower
than in the scenario used by NOVEM (op. cit.). Efiere, in our calculations, without taking
into account the yearly cost reduction, total cesthe government in 2005 and 2010 of
introducing biofuels are a little lower than in N@M (op. cit.) (table 8.2, page 182).
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Appendix 5 Flexibility options in the natural gas market

Swing in production

Swing in production is an important option to meetatility within demand. Some gas fields
have certain geological characteristics (such gis pressure and high permeability) that enable
firms to economically adjust production levels tmqtities needed. The major example of such
fields is the huge Groningen gas field in the Nd#mels; another example is the Morecambe
field in the United Kingdom. Most fields, howeveeed to be depleted with a high load factor

in order to realise a profitable production.

The figure below shows the large variation in daifgduction of Groningen in 2000. From this
figure, we may infer that current maximum daily muitis about 250 — 300 million cubic metres

a day.

Production profile of Groningen in 2000

mcm/day

300 1~

250 +

200 -

150 +

100 -

50 -

Jan Feb Mar Apr ' May 'June ' July ' Aug ' Sep " Oct Nov  Dec

Source: IEA (2002a)

Groningen delivers swing throughout Western Europe

The swing capacity of the Groningen reservoir isardy used to accommodate fluctuations in
Dutch gas demand for gas, but also to accommollat@iétions in demand in other West-
European countries. The table below, depictingsthieg in gas imports of various Western-
European countries, illustrates that the Nethedg@toningen) provides the highest swing of
the gas-exporting countries. The swing in expadmfthe Netherlands to for instance Germany
was 1.94, while the swing in Norwegian exportshis tountry was 1.38. The Netherlands
offers a swing to Belgium of 1.69, to France of4lahd to Italy of 1.20.
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Supply and demand of swing in Western Europe, 2000

Destination of swing Origin of swing
Algeria Denmark Netherlands Nigeria Norway Russia Domestic
production
Belgium 1.21 - 1.69 - 1.57 - -
France 1.38 - 1.54 - 131 1.21 1.18
Germany - 1.74 1.94 - 1.38 1.08 1.44
The Netherlands - - - - 1.34 - 1.69
Italy 1.20 - 1.20 1.26 1.17 1.14

Note: Swing is defined as the ratio of the maximum gas monthly delivery divided by the average monthly gas delivery.

Source: |IEA (2002a).

The United Kingdom, which is still a large gas-puwothg country, hardly offers any swing to
the continent since it produces primarily for tloemestic market. As the British fields are in the
declining phase, Groningen can be used to expanigsservices to the United Kingdom in the
near future. Currently, Gasunie Trade & Supplydsedoping a pipe line to the United
Kingdom in order to deliver these services. Tha knables transport of natural gas up to 10
billion m® per year. The United Kingdom will also increasingceive gas and swing from
Norway as the British network is going to be linkedNorway’s Sleipner Platform in a few
years time. That connection will raise further shéng function of Norway within the West-
European market.

Swing in imports

Some swing is usually provided for in standard @mis. For a contracted (higher) price, an
additional trench of gas can be obtained from tireracted supplier. This upstream swing
capacity can only be realised if adequate downstrteansport capacity is available. As stated
above, the Netherlands offers swing to neighboucmgntries, but it does also use imports as a
flexibility tool for the domestic market. In 200the swing in the gas imports of the Netherlands
was 1.34. In absolute terms however, the contdbutif imports to the Dutch flexibility is

small.

Swing through storage facilities

In many countries, gas storage facilities play omale in meeting the volatility in gas
demand. Natural gas can be stored in depletedeajds,fsalt caverns, aquifers, liquefied natural
gas (LNG) peak shavers, surface tanks and pipglimespack). Each has its own advantages
and disadvantages:

Depleted gas fields generally have the lowest deddibility and injection rates. Moreover, they
typically use quite large amounts of base gas. 8thez, these facilities are mostly used as

single cycle facilities.
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Salt caverns, on the contrary, tend to have hidjketability and injection rates, making them
very suitable as high cycle facilities. Base gapit@ments are also considerably lower than
depleted reservoirs.

Aquifer facilities fall in the middle of above mémted storage facilities; both in deliverability
and injection rates. The major disadvantage offatpiis the high base gas requirements (as
high as 80%). LNG peak shaving facilities are desthfor extreme demand circumstances.
These facilities play an important role in offerifhgxibility in countries, such as Belgium and
Spain, where geological options for undergroundsgasage are limited.

Line-pack can be defined as storing gas insideitheline network by boosting the network
pressure above the delivery pressure. Line-paalimited tool as it requires some time for the
pressure to build up. It is, therefore, a moreadilé measure when for instance some degree of
scarcity is forecasted (e.g. the prediction of la @eather front up ahead). In the Netherlands,
this tool enables to shave 3% of maximum demandhper in extreme cold days. In practice,
this tool is most often used in countries whereaugtbund gas storage opportunities are scarce.

Until recently, the Netherlands had hardly anyagerfacility. The only facility was a peak
shaving LNG-unit designed for exceptional cold d&8mscause of the declining capabilities of
Groningen to meet all fluctuations within demanailiional storage facilities have been built.
These consist of the depleted gas fields in Norgpgkerk and Alkmaar. Those facilities are
developed to meet normal seasonal variations iradem

The figure below shows the merit order of the vasioptions for supplying flexibility in a
stylised way. The base load is the quantity ofgygsply that is being imported or produced
with a constant load factor all year long. In suminge, the surplus of base load in relation to
demand is used for filling storages facilities 8i®r anticipating higher winter demand.
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Source: Arentsen et al. (2003)

In the Netherlands, the order by which the seviailities are used is as follows: Groningen,
Norg, Grijpskerk, Alkmaar, and finally the LNG-usitThe decision to let Groningen provide
swing supply is taken on an hourly basis and fadh ‘transport driven’. Delivery of gas
requires a certain amount of pressure in the pipeletwork. Any time that demand is higher or
supply is lower than forecasted, the pressureamgtwork decreases. This is the signal for
Groningen to provide swing supply. It is only wheaximum swing supply of Groningen is
insufficient to reach the required level of pressilmat storage facilities are put to use.

! Source: Arentsen and Kiinneke (2003)
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Appendix 6 Costs of generating electricity

Reliable cost figures for electricity generatiop &irly scarce. In this study, we use data from
OECD (1998). This Appendix discusses the scopbesd data and assesses the comparability
with other available data.

The Nuclear Energy Agency (NEA) and the Internaldinergy Agency (IEA), both agencies
of the OECD, published a comparative study of ttigguted costs of base-load electricity
generation, commercially available in the first alée of this century. It uses a consistent
framework for various production techniques ineliént countries. Costs are calculated using
an agreed common methodology, with common assungptia technical and economic

parameters.

The technical assumptions in the methodology conttes commissioning date (2005), the
economic lifetime of the plant (40 years) and thttlad down load factor (75% for fossil and
nuclear plants). The economic assumptions inclhdeliscount rate for decision-making.
OECD (1998) distinguishes between 5 and 10 per¥¥éatfocus on the latter, as we a 5 percent
discount rate does not reflect the uncertaintidsurope’s newly liberalised electricity market)
and the currency unit (US-dollars as of 1 July 7996

The methodology strives for full cost coverageteatihnology and plant specific cost
components are taken into account, distinguish&tg/éen three types. Investment costs
include pre-construction, construction, major rbfsihment and decommissioning costs.
Operation and Maintenance (O&M) costs consist atfor consumable materials other than
fuel, emission control catalysts and waste dispossts. Fuel costs include all costs related to
fuel supply to the power plant. Apart from the coadity price of the fuel at stake, it comprises

fuel-specific taxes, pre-treatment costs and tramspsts.

Despite the use of common assumptions, some afuto®mes vary widely between countries.
Total costs for nuclear generation in Japan famimse are more than twice as high as the same
figure for China. Both for coal-fired and gas-firpléints, similar differences can be found:
production from a Danish gas-fired plant is oveo titmes as expensive as production from a
US gas-fired plant, whereas Portuguese coal-fioadep is twice as expensive as its US
counterpart. As these figures are computed usingan assumptions, these differences
reflect actual cost differences. The major soufeethese differences come from the
accessibility of fuels, costs following from enviroental regulations and country-specific
factors affecting costs, such as population demsity geological factors.

OECD (1998) lists Dutch figures for gas-fired amdlefired plants, but not for nuclear plants
and renewable sources of electricity. Cost figioesvind are given only for Denmark (on-
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shore and off-shore) and Italy (off-shore only).d&shore figure for Italy and Denmark
hardly differ, we feel save to use the Danish fegfar both.

In the case of nuclear power, it is much hardarc&no country in the world has any recent
experience in building new nuclear reactors atenirlevels of European safety and
environmental regulations, all available cost eatés are just that: estimates. Nuclear cost
estimates of three European countries are presenthd study. The French figure (4.9 dollar
cents/kWh) is remarkably low, partly due to failityht environmental and safety regulation,
and partly due to economies of scale. The Frenih oonsidered are 50% larger than the other
European reactors and have 4 units per site, enpthlem to share costs. Cost estimates for
Finland (5.6 dollar cents/kwWh) and Spain (6.4 datlents/kWh) are based on single unit-sites.
In our analysis, we use the Spanish figure, aseekthat the highest figure is the most relevant
one for the Dutch situation, with a high populat@emnsity and a reputation of relatively strict

environmental regulations.

The Spanish figure for costs of nuclear power irODE1998) may be compared to the Light
Water reactor figure in the DACES 2050 databddus is adatabase of options which are
relevant for a clean energy supply in 2050, corstdiby the Utrecht Centre for Energy
research (UCE). The methodology of the studie®isamparable, but the major cost
components can be compared, as is done in thelialde.

Comparison of costs components of nuclear power, OE CD vs. DACES

Share in total costs/lkWh,  OECD 1998, Spain DACES 2050

OECD
Construction costs(€/kW) 70% 2052 2200
O&M costs (€/kW/year) 14% 50 46
Fuel costs (eurocent/kWh) 16% 1.01 1.05

The OECD- and DACES figures are very much in linthwwach other. OECD’s estimate for
Spain is somewhat lower for investment and fuets;@nd higher for O&M-costs. Taking cost
shares into account, we find that applying the OE@Mhework to the DACES-figure would
yield a total costs figure of about 4.5% above Gf@DECD'’s estimate for Spain, implying that
the latter is probably not an overestimation ote@s The Netherlands.

There is one more thing to be said about nucleaepaost figures. Recently, Finland has
decided to allow the construction of a new nucfdant and a private firm, TVO, expressed its
interest in building and exploiting such a plantayMvould a private firm be interested in such
an adventure, if costs statistics show that nugearer is relatively expensive? We have no
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way of knowing the exact answer, as the decisiocgss of the plant is still in a very early
stage. At this moment, it is unclear if and undéatconditions private banks will be willing to
finance the plant. Preliminary cost figures sugdfest TVO perceives investment costs to be at
a fairly low level (5 percent below that of the kel estimate in OECD, 199Bgcause of the
large scale (1600 megawatt) of the plant. FurtheemibvVO may have optimistic expectations
on future government policies affecting the prdifili#y of the plant (one may think of
favourable regulations for the plant, or of a carkax, affecting the competitive position for
fossil fuel-fired plants), as Finnish governmens kapressed its preference for nuclear power
as a source of carbon free energy.

The figures used in this study are summariseddrtdhle below. OECD (1998), offers the
choice between discount rates of 5 and 10 perGwen present uncertainties in the electricity
market regarding market developments and climalieyp@ discount rate of 10 percent is
probably more appropriate. OECD figures are corgeftom 1996 US dollars to 2002 euro
using the 1996 exchange rate and the cpi for thhedands, combining to a multiplication
factor of 0.95.

Cost figures used in this study (euro per kwh)

Investment costs O&M costs Fuel costs Total costs
Gas-fired 1.2 0.3 2.6 4.2
Coal-fired 2.3 0.8 2.2 5.3
Nuclear 4.2 0.8 1.0 5.9
Wind onshore 4.5 0.7 0.0 5.2

Wind offshore

6.2

0.9

0.0

7.1
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Appendix 7 The electricity model

In several cases in this study we use CPB'’s etatytiinarket model to assess the effects of
policy measures in the electricity market. Befoeeturn to the model itself, we devote some
attention to the distinctions made in the model #igdnotation used.

The model distinguishes between capacity and outldatdenote capacity related variables by
upper case letters, whereas lower case letterssackfor output-related variables. Several other
distinctions are made by using subscripts. Subseidenotes hour of the day. The output

model is based 24 hours on an average day, impthieigeach hour in the model represents 365

similar hours in a year.

Subscripti denotes individual producers, who are assumee iddntical. Each producer is
based in a supply region (subsctipaand delivers to one or more demand regions (sidbs$g
Both for supply and demand, we distinguish betwieenregions: The Netherlands and “other
Western Europe”, the latter including Belgium, FranGermany, Luxemburg and Switzerland.

Although the model does distinguish between geimeréechniques (coal, gas, nuclear, large
scale hydro, other renewables), there is no needpoess this distinction in a subscript in this
chapter. The production mix is given at the sty time path and may be altered
exogenously for policy analysis. The model doespnetlict any technique choice, but simply
assumes that all new capacity will be gas-fireée(Bord (1999) for a more extensive
argumentation). Techniques are used in the modigrioe the marginal cost curve. This
derivation requires techniques to be nhumbered comisely in order of variable costs, also
known as the merit order. The place in the medeois denoted by subscript

The model uses five different subscripts, as suris@ain the box below. To keep the model
readable, we omit subscripts if a variable is suchmeer one or more of the subscripts (e.qg.
q = ZZthM ). Apart from subscripts, the model also uses supptsd. denotes large
users'wHeréa8 denotes small users.

Subscripts in the model

The following subscripts are used in the model:

h
i
k
I

hour of the day 1,2,...24)

individual producer 1,2,...n)

supply region (Netherlands, Other Western Europe)
demand region (Netherlands, Other Western Europe)
place of technique in merit order (1,2,...5)
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The remainder of this appendix is organised as¥il First, we describe how the model
derives optimal capacity and output and how theséngerlinked. Afterwards, we describe
technique choice and derive the marginal cost fandtom the capacity outcomes.

Optimal capacity and output

Let us first turn to the derivation of optimal outpAny local market, at hourh may be

described by a linear inverse demand equatiorafgel users, who are able to observe real time
prices:

P =af —baf 1)

For small users, the case is a little less stréoghard. Small users do not observer real time
prices, but react to average annual prices:

p|S = a|S - b|Sq|S 2

with:

Z Dhqui
S__h

:—S +
thl
h

P rm® 3)

with rm® denoting the retail margin amg, being a fixed proportion af.. This implies that
small users have a fixed load pattern in our mdelal.notational ease, we define

=S L
Ahikl = Ypig T ikl -
A producer maximises short run profits of its exigtplants at every hour of the day:

Tl = > PhiGhiki = Y C(Ahiki» Qi )nikt = (Cik Qi ) 124 4
| |

whereC;Qi are fixed costs related to capacity @(d denotes the short run variable cost
curve. lts first derivative will be described intdiéin the next section, for now we simply note
that the level of capacity influences marginal soblote that we measure capacity in the same
units as output (kWh), so that we can easily compiagse figures. This implies that fixed cost
parameteCy is measured in €/ kWh, implicitly assuming a constaverall utilisation rate.
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APPENDIX 7 THE ELECTRICITY MODEL

As we mentioned in section 3.2, we use an appreiaciar to conjectural variations to account
for mixed strategies. Following the theory of caigal variations, any firm acts as if it faces
residual demand, with the slope of its inverse desd byaaqp—hri‘ll(I (1+ rout) , Wherer,, ;denotes
the conjectural variation term for output. We assume that allioeacdre symmetric. It can
easily be checked tha},=0 yields the Cournot outcome, whereas the Bertrand or competitiv
outcome is reached wheg= — 1. Optimal quantities are derived by differentiating shont ru
profits with respect to, which implies equating marginal costs to marginal revenues,
yielding hxixkx| first order conditions'

0 Q
Phi + @+ Fout) —— 3 POl i —M

Ohikl + C{dhiki, Qik )
Ahiki 9dhiki ' ( e )

Let us now turn to the optimal level of capacity. Fitsnannual profits are determined by
summing hourly profits oven, yielding:

Mik :zﬂikh :ZZ Phi Ahiki _ZZC(thkI »Qik)hiki ~ Cik Qik (6)
h h o1 h o1

with all parameters defined before. Differentiating this ¢éiquawith respect t@, yields a set
of ixk first order conditions for long run profits

022 Phi hiki

0
ank ZZ C(Ahik - Q.k) Anid + Cie )

0Qik

The next question is what the marginal revenuenaddditional unit of capacity is. Investments
in additional units of capacity will only genera/enues if capacity restrictions are binding. If
this is the case, more capacity will facilitate moutput, and thus earn revenues. If capacity is
a binding restriction however, it is unlikely to beading at every hour of the year. So how do
we determine marginal revenues of capacity investste

First, let us recall that the hours of the dayaered based on the load, so that the hour with
the highest load is indexed 1, Now defiiesuch thatz Ohik = Qik for all h<H. Note that this
requires us to appoint capacity to demand regicmsiyfng that we differentiate the profit
function byQy rather tharQy,. Appointing capacity to demand regions is artificbecause

9Phwe _ 9PhnL _

* Note that we assume regional markets to be independent, i.e.
0dnNL  99hwE
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ENERGY POLICIES AND RISKS ON ENERGY MARKETS

there is no technical need to divide these cagacithey may actually belong to the same plant.
For each houh<H,, the marginal revenue of an increase in capagityks the marginal
revenue of an increase in output, albeit that wenatonjectural variation term to differ
between output and capacity. We may now rewritditeeorder condition for capacity:

g OPh| 0c( G » Qi)
ZZ Phi +(1+ rcap)—Qikl :ZZ—thkl +Cig 8

= ik =45 0Qik

A special case of the equation above is the casaftifient capacity. If capacity restrictions
are never bindind;l, will be zero for all and the entire left hand disappears from the émuat
This implies that if spare capacity in peak periegists, investments take place if and only of
its variable cost savings outweigh its capital sobibte that this may influence output through
its influence on marginal costs.

The first order conditions of the long run and shert run model have a similar structure. Note
that the conjectural variation term for capacitiikely to be lower than that for output, as we
argued above. Combining the FOC's and solving tfam, andQ; yields optimal capacities
and outputs. The commodity price of electricity fegionl at hourh can now be determined by
substituting the summation of optingg|, overk andi into the inverse demand equation.

The solution of the model does not take into actthacurrent level of capacity, which may at
any time exceed the optimum. It is implausible ttegiacity will be dismantled in such a case,
especially since electricity demand is likely toioue to grow over time. Therefore, we

impose that capacity is the maximum value of optticapacity and existing capacity
Qi = ma{z Qiki 16ik,t—1] €)
[

Derivation of the marginal cost function
As the graphical analysis in the previous chapiggested, the marginal cost function is built
up from the merit order. In this section we detive marginal cost function. First, we simplify
no tion somewhat. We denote marginal costmbyrather than

hikt, Qi — " Ohi +C(CIh|k| Q,k) which would be consistent with the model as aetiin the
preworlljléI section. Let subscriptdenote the place of a technique in the merit gnaigh m=1
representing the technique with the lowest marginat and m=5 denoting the technique with
the highest marginal cost. To mimick the use ohvialdial plants within techniques, we define a
slope line through the ‘stairs’ of the merit ordgtarginal costs at quantity, belonging to

technique (or step in the merit orderpre defined as:
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mO(qu<5)=%(cm+Cm-1)+M(q—gm) (10)
am~9,,

In this equationg; denotes the cost level of the current step imibet order (the marginal

technique) and,,.; andc,,, are the cost levels for the next and previousrtiegte in the merit

order respectively. The capacity of the marginehiggue is given by, —q., with

q,= Om-1 - The obvious problem here is tlggt.; is not defined for the technique with the

highest marginal costs. We solve the problem byngtdhat the difference betweeg.; andc,,

equals that betwees, andcy,.,, so thatg =cs5 + (05 - c4). We can now write the equation for

the marginal cost of a unit in the upper step efrterit order:

mo(qDS):%(05+c4)+M(q—gs) (11)
45 ~Qg

These two equations form an upward sloping kinkedgmal cost curve for all output values

between zero and full capacity.
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