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Abstract in English

This report analyses the welfare effects of twoanapmponents of the Dutch gas-depletion
policy: the offtake guarantee for small-fields gasl the cap on production from the Groningen
field. We conclude that the benefits of offtake iguriee currently may outweigh the costs, but a
further development of the gas market would revérsepicture. The cost of the offtake
guarantee is that it gives operators reduced in@nto respond optimally to short-term
changes in market conditions compared to a conaetitarket. Regarding the cap on
Groningen (42.5 bcm per year), we find that thissuge is inefficient when the cap is binding,
i.e. restricting the production from the Gronindihd. The costs of capping Groningen
production follow from shifting returns to the fuéu The benefits of this measures consist of

slightly positive effects on small-fields productiand positive benefits for security of supply.

Key words: gas depletion, gas market, gas poliommetition, cost-benefit analysis

Abstract in Dutch

Deze studie onderzoekt de welvaartseffecten vaa betangrijke onderdelen van het
Nederlandse beleid voor de gaswinning. Deze ontlsrd#in de gegarandeerde afzet voor gas
dat in de zogenaamde kleine velden geproduceerdtyenr een plafond op de productie van
gas uit het Groningen-veld. Uit de analyse blijat de maatschappelijke baten van de
afzetgarantie voorlopig nog hoger zijn dan de kasteaar dat dit beeld om kan slaan wanneer
er een goed ontwikkelde gasmarkt is ontstaan. Beekovsan de afzetgarantie bestaan uit
geringe prikkels voor producenten om te reagerekooe-termijn veranderingen in de
gasmarkt. De baten van een plafond op Groningem42s5 miljard i per jaar) wegen
daarentegen niet op tegen de kosten van deze gelatbe kosten van het plafond komen
voort uit het naar achteren schuiven van opbrengstegaswinning. De baten van deze
maatregel bestaan uit wat hogere winsten bij deiwqvan kleine-velden gas en het naar
achteren in de tijd schuiven van investeringen \a@rnatieve opties voor flexibiliteit, zoals

gasopslag.
Steekwoorden: gaswinning, gasmarkt, gasbeleid, twarking, kosten-batenanalyse
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Preface

Since the oil crises of the early 1970’s, the Digokiernment has pursued the policy of
conserving gas in the huge Groningen field whileoemaging production from other gas fields,
the so-called small fields. This policy has bedrative as it raised production from the small-
fields whereas the Groningen field has merely hesed as a swing supplier, i.e. producer of
gas during peak-demand periods. Although this Dgadrdepletion policy has existed for
several decades, an analysis of its efficiencynioa®een made. This report is meant to fill this
gap by offering a systematic analysis of costskaenkfits of the Dutch gas-depletion policy.

During the project, many experts acted as a usefuhding board. In a number of meetings, we
had lively discussions with representatives ofgas industry, i.e. NAM (Wim Groenendijk),
Gasunie Trade & Supply (Martien Visser), Gas TransBervices (Adriaan de Bakker), IRO
(Hans de Boer), NOGEPA (Bram van Mannekes), Tataty Zima) and Wintershall

Nederland (Rob Beers), and the Dutch governmentEnergie Beheer Nederland (EBN) (Peter
Rosenkranz) and the Ministry of Economic Affairofiétte Tiemersma and colleagues). We
thank them for their valuable comments in the cewfsthe project.

We also benefited from discussions during meetatgee Norwegian Ministry of Petroleum
and Statistics Norway, both in Oslo, the conferasfdéuropean Energy Economics in Bergen
(Norway), the International Energy Agency in Pattie Dutch Energy Council in The Hague,
the Energy Convention Groningen, a brown-bag senginthe Faculty of Economics in
Groningen, and the Dutch Ministry of Economic Affai

In addition, we received highly appreciated infotimaand comments on drafts of this report
from a large number of individuals. We would likerhention Rob Aalbers (SEO/University of
Amsterdam), Jaap Breunese and colleagues (Nethsrlastitute for Applied Geoscience
TNO-NITG), Oscar Couwenberg and Mark Helmantel ¢gnsity of Groningen), David Cox
(ILEX, Oxford), Robert Haffner (Netherlands Compieta Authority NMa), Bas Heijs and
colleagues (Ministry of Finance), Kim van Nieuw@dU Amsterdam) and Jonathan Stern
(Oxford Institute for Energy Studies).

The responsibility for the contents of this regsrdf course entirely ours. From within the
CPB, regular feedback was given by Casper van EMgk Lijesen and Victoria Shestalova.
Ali Aouragh and Jeannette Verbruggen supporteétiieors by collecting information and
editing the report.

Casper van Ewijk
Deputy Director






Summary

This report analyses the welfare effects of twoanapmponents of the Dutch gas-depletion
policy: the offtake guarantee for small-fields gasl the cap on production from the Groningen
field. We conclude that the benefits of the offtgkmrantee currently may outweigh the costs,
but a further development of the gas market woeletrse this picture. Regarding the cap on
Groningen (42.5 bcm per year), we find that thissuge is inefficient when the cap is binding,
i.e. restricting the production from the Gronindieid.

Debate on Dutch gas-depletion policy

For several decades, the offtake guarantee forldimldls gas as well as the cap on Groningen
have been implemented as part of the Dutch gastieplpolicy, although the design of the cap
changed a number of years ago. According to theradlks of this policy, it has created
favourable conditions for small-fields productioaising state revenues from gas production as
well reducing import dependence of the Netherla@dbers have doubts about the efficiency of
these measures. As the policy favours the produdtom relatively expensive fields while it
conserves the less expensive Groningen field, itldvoaise costs of gas depletion. A
consideration put forward more recently is thasthmeasures do not fit in a liberalised gas
market: a liquid market gives a guarantee to pretiithat they can sell their gas as well. In this
report, we offer an integral assessment of thefeetsf

Analysis of market failures: why should the governm ent intervene?

From a welfare-economic point of view, governmeuligies are advisable if market failures
exceed failures of such policies. A market failg iesults in levels of production or
consumption deviating from the socially optimalééss Several factors make the natural gas
market sensitive to inefficiencies following fromarket power. Those factors are in particular
geopolitical factors, economies of scale and regiosstrictions on trade. The geopolitical
factor consists of the growing import dependenca oamber of exporting countries and the
still large influence of governments in energy nedsk both in exporting and importing
countries. The presence of huge economies of gtéd@nsport together with regional
restrictions in trade give suppliers in regionakkess power to charge higher prices. Another
source of market failures is related to consumpfiidividual consumers do not take into
account the impact of aggregate consumption oniitg@pendence. Inefficient market
outcomes can also follow from governments if thegrot commit to non-intervention in
energy prices in cases of extremely tight marketddmns. As a result, private investments will
be below the socially optimal levels.

The analysis of market failures therefore providesimber of reasons for government
intervention in gas depletion. Reduction of sourmsarket power, for instance by extension



of the international transport capacity, improves functioning of the European gas market
resulting in more efficient prices. Measures tol déth the abovementioned consumption
externality are enhancing domestic gas productiowell as increasing energy savings: both
measures would reduce import dependence. If maddties insufficiently invest in flexibility,
governments could choose to invest themselvesn$tance by conserving gas fields having
high swing capabilities. The question, howevewli®ther such government measures are

efficient as they also cause costs.

Other often mentioned reasons for government ipt&ion in the gas industry are difficult to
base on an analysis of market failures. In the ebia the small-fields policy, the limited
window of opportunity of the offshore infrastruatus frequently put forward as a factor calling
for government intervention. According to this amgnt, only a short period of time is left for
small-fields exploitation due to the aging of thé&astructure. However, this aging as well as
the costs of extending the lifetime of the infrasture can be taken into account in decisions to
be made by the gas industry, implying that thiséssoes not refer to an externality. On the
other hand, the limited remaining (economic) lifeti of the offshore infrastructure may call for
government actions to raise the efficiency of lgiag procedures.

Offtake guarantee for small-fields gas is efficient for the time being
The net welfare effect of the offtake guarantegoisitive for the time being, but a further
development of the gas market likely reversesptutire.

The offtake guarantee offers all producers of siiirglils gas the option to sell the gas to
Gasunie Trade & Supply. As a result, these produdemot have to adapt the production
profile of their fields to the demands of the marKene same holds for the quality of the gas
(such as energy content): small-fields produceve llae right to sell all kinds of gas to Gasunie
Trade & Supply.

Given the currently still not well-developed gasrkes, the offtake guarantee is an efficient
measure for pooling gas having different producpoofiles and qualities. This advantage of
pooling vanishes, however, when the gas markebéasme more liquid. Then, the gas market
enables producers to sell their gas efficientlyisawow already the case in the United Kingdom.
Coordination by a market generally is more effitidran coordination by one agent. The major
cost item of the offtake guarantee, thereforehas it results in less efficient production as well
as consumption decision. In the current system ageat, i.e. Gasunie Trade & Supply decides
how to match different profiles of production armhsumption. In a market system, on the
contrary, all players, both producers and consunasisess whether changing their production

or consumption is efficient.
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So, the cost of the offtake guarantee is thatvigioperators reduced incentives to respond
optimally to short-term changes in market cond#icompared to a competitive market. These
costs of inefficient production might be compenddig a benefit of reduced dependence on

imports. However, that benefit can also be reallsedther measures such as energy savings.

Although the offtake guarantee theoretically cduiltber the development of a liquid wholesale
gas market, the actual development of the Dutch ddds not as yet indicate any important
barriers suggesting that the offtake guaranteeti€urently restricting this market.

Cap on Groningen is expensive measure

A reason for imposing a cap on Groningen produdganyopic behaviour by firms resulting in
a welfare-economically too high level of productiémthat case, imposing a cap can be
efficient although the risk exists of setting tla @t a too low level. However, economic
literature provides no clear evidence for myopibdwsour by firms. On the contrary, the
existence of market power on the gas market resuttso low levels of production, calling for
measures which increase production above the prafiimising level.

From our analysis it follows that the welfare etfeof a production cap are negative in most
scenarios. Only when the cap is not binding, cegtsal benefits as both are zero (not taking
into account transaction costs of imposing the .déphe cap does restrict production, costs
exceed benefits in all scenarios and variants ardlyThe costs of capping Groningen
production follow from shifting returns to the fuéu The benefits of this measures consist of
slightly positive effects on small-fields productiand positive benefits for security of supply.

Small-field producers benefit from a cap on Groeingf it raises the price of gas and, hence,
increases their inframarginal profits. A cap haralffects the level of small-fields production as
the small fields are not the marginal producershenEuropean gas market. Reduced
production by Groningen as a result of the cap mémgpacts imports to Europe. In addition, it

causes a demand response.

The benefits of the cap for security of supplydallfrom postponing investments in alternative
options for flexibility. In our analysis, we used/estments in gas storage as the alternatives for
the flexibility of the Groningen field. The benefibf the postponement of these investment
appear to be significantly smaller than the cofte® cap. Note that our estimation of the
benefits for security of supply likely is an ovaremtion as it is known that gas storage is more
expensive than other options to deal with the teamyoshortages on the gas market, such as
demand responses. Moreover, government investrirefiexibility may crowd out private

investments.
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Alternative policy regarding the Groningen field

A policy regarding the Groningen field potentialigving positive welfare effects is increasing
production above the profit-maximising level. Besawf the market power of the Groningen
field, production from this field likely generatessults different from the welfare maximising
strategies. We find that including consumer welfar&roningen’s deployment decision
substantially advances production resulting in aigbroduction levels in the beginning of the
scenario periods. In a scenario with a low levetahpetition on the European gas market,
inclusion of consumer welfare in the object funetan Groningen raises average annual

production by 3.9 bcm, resulting in a net welfaffea of about 4 billion euro.

Note, however, that implementing a ‘floor’ in pradion from the Groningen field would raise
the risk of setting the floor at a too high leu&rh a welfare-economic point of view. A more
efficient way for taking the level of Groningen drection close to the socially optimal level is
improving competition. After all, these results imthat improving competition on the
European gas market would increase Dutch welfagetdss of producer surplus because of
lower gas prices is largely compensated by highgfits from advanced Groningen production
and increased consumer surplus for Dutch consurAhmugh profits of small-field producers
would decrease, because of the lower gas pricepwig competition on the European gas
market has a positive net-welfare effect for thehddands.

12



Samenvatting

Deze studie onderzoekt de welvaartseffecten vaa betangrijke onderdelen van het
Nederlandse beleid voor de gaswinning. Deze ontlsrdgin de gegarandeerde afzet voor gas
dat in de zogenaamde kleine velden geproduceerdtywer een plafond op de productie van
gas uit het Groningen-veld. Uit de analyse blijat de maatschappelijke baten van de
afzetgarantie voorlopig nog hoger zijn dan de kasteaar dat dit beeld om kan slaan wanneer
er een goed ontwikkelde gasmarkt is ontstaan. Benbean een plafond op Groningen (van
42,5 miljard ni per jaar) wegen daarentegen niet op tegen derkuatedeze maatregel.

Discussie over het Nederlandse depletiebeleid

De afzetgarantie voor het kleine-velden gas emlaédond op het Groningen-veld maken al
decennia lang deel uit van het Nederlandse gadoyeid, zij het dat het plafond tot voor

kort op indirect wijze was vormgegeven. Door velardt gesteld dat dit beleid gunstige
effecten heeft voor Nederland omdat het zou letdemeer productie van kleine-veldengas,
hogere gasbaten en geringe afhankelijkheid varlaihdse aanvoer. Het beleid heeft
inderdaad geleid tot meer productie van gas ukieiee velden en tot conservering van het
Groningen veld. Anderen plaatsen echter vraagteligeze maatregelen. Een al lang bekende
kanttekening is dat dit beleid voorrang geeft aanvthning ui dure velden en de winning van
goedkoop gas naar de toekomst schuift. Een kamitedsean meer recente datum is dat dit
ingrijpen in de markt niet past in een geliberaiske gasmarkt: een liquide gasmarkt vormt ook
een garantie dat het gas kan worden afgezet. ki stedie analyseren we al deze effecten en
wegen we ze tegen elkaar af.

Analyse van marktfalen: waarom een rol voor de over  heid?

Om te bepalen of de overheid een rol te vervulksftin een bepaalde markt, moet die markt
eerst onderzocht worden op het bestaan van maktfilen markt faalt als deze niet tot de
efficiénte uitkomsten leidt, dat wil zeggen datghrotie of consumptie op een maatschappelijk
gezien te hoog of te laag niveau liggen. Bronnenmarktfalens op de gasmarkt zijn het
gebrek aan concurrentie op de internationale mar&t,name door de invlioed van geopolitieke
factoren, schaalvoordelen bij het transport enislegildutie van gas en de daarmee
samenhangende belemmeringen in de internationatieheEen andere bron van marktfalen
ligt bij consumptie: individuele consumenten houdeen rekening met het effect van hun
gasverbruik op de importafhankelijkheid en daaro@ee politieke afhankelijkheid van een
land. De overheid kan ook een bron van inefficé&nijn: als marktpartijen vrezen dat de
overheid de gasprijs zal reguleren tijdens peria@msgrote krapte, dan zullen ze te weinig
investeren in flexibiliteit, zoals gasopslag. Zdemudan immers deze investeringen niet kunnen

terugverdienen uit hoge piekprijzen.
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De analyse van marktfalens levert dus argumenteniuagrijpen van de overheid in de
gaswinning. Vermindering van bronnen van marktmagiftoorbeeld door uitbreiding van
internationale transportcapaciteit, leidt tot beterijsvorming. Als tegenwicht voor het teveel
consumeren door consumenten doordat ze geen regkieniten met het effect op
importafhankelijkheid kan de overheid binnenlanpigeductie dan wel energiebesparing
bevorderen, wat de import zal verlagen. Wanneekipartijen te weinig investeren in
flexibiliteit, dan kan dit worden gecompenseerd rdoigvoorbeeld zuinig te zijn op gasvelden
met een hoge flexibiliteit, zoals het Groningendvdde vraag is echter of deze maatregelen

efficiént zijn omdat overheidsmaatregelen ook nustté&n gepaard gaan.

De analyse van marktfalens levert dus wel enigaraggten voor het Nederlandse
gasdepletiebeleid. Het vaak gehoorde argument edrederkte ‘window of opportunity’ valt
daarentegen moeilijk te relateren aan een gebrédikigtioneren van de gasmarkt. Dit
argument zegt dat er nog maar een beperkte pdvigitikbaar is om het kleine-veldengas
winstgevend te exploiteren vanwege de (economisgreudering van de infrastructuur. Deze
veroudering is echter geen reden voor overheidgbeladat markpartijen rekening kunnen
houden met zowel de veroudering als de kosten wagelijke levensduurverlenging. De
beperkte economische levensduur van de infrastunobaakt het wel efficiént om procedures,

zoals bij productievergunningen, zo snel mogeéjkaten verlopen.

Afzetgarantie voor kleine-veldengas voorlopig nog e fficiént
Het netto welvaartseffect van de afzetgarantie kteine-veldengas is voorlopig nog wel
positief, maar dit beeld kan omslaan wanneer elgeed ontwikkelde gasmarkt is ontstaan.

De afzetgarantie biedt alle producenten van galdeiite velden de mogelijkheid om hun gas te
verkopen aan Gasunie Trade & Supply. Hierdoor hoeleze producenten minder kosten te
maken om het in de tijd variérende productieprofegl hun gaswinning aan te passen aan de
eveneens in de tijd variérende vraag naar gaseHa¢zgeldt voor de kwaliteit van het gas
(energie-inhoud en dergelijke): producenten kurgesvan alle soorten kwaliteit aan Gasunie
Trade & Supply verkopen.

Bij de huidige, nog beperkt ontwikkelde gasmarldésafzetgarantie een efficiénte manier van
‘poolen’ van gas met verschillende volumes en ke#déin. Dit voordeel verdwijnt echter
grotendeels wanneer de gasmarkt zich verder hegfikkeld. In dat geval kunnen
afzonderlijke producenten hun gas ook ‘gegarandeézdtten, zoals dat nu bijvoorbeeld al in
het Verenigd Koninkrijk gebeurt. Decentrale cotatie via een markt is in de regel efficiénter
dan centrale codrdinatie door een organisatie.dlanigrijkste kostenpost van de afzetgarantie
is daarom dat het tot inefficiénte productie- enstomptiebeslissingen kan leiden. Bij de
afzetgarantie is het een speler, te weten Gasuae & Supply, die beslist hoe de verschillen
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in productieprofielen en gaskwaliteiten worden agrast aan de wensen van de vraag. In een
marktsysteem daarentegen bepalen alle spelers| povekicenten als consumenten, of
aanpassing van hun productie of consumptie effi¢ggn

Inefficiénte binnenlandse gasproductie kan percsplzksitieve effecten hebben zijn als het leidt
tot minder import en daardoor tot minder (politiek#hankelijkheid van gasexporterende
landen. Deze bate kan echter ook op andere, mgelificiéntere, wijzen worden gerealiseerd,
zoals bevordering van energiebesparing.

Een mogelijke andere kostenpost is dat de afzetjaraen belemmering vormt voor de
ontwikkeling van de liquiditeit van de gasmarktdaarmee voor de welvaartsbaten die een
liquide markt voortbrengt. In de praktijk lijkt eteln van een dergelijke belemmering nauwelijks
sprake te zijn, gezien de groei van de liquiditait de gasmarkt in Nederland (in het bijzonder
het TTF).

Plafond op Groningen is dure maatregel

Een reden voor het instellen van een plafond besi@aneer bedrijven ‘kortzichtig’ zijn, dat
wil zeggen dat ze op korte termijn zoveel mogedijkst willen behalen, en daardoor op een
hoger niveau produceren dan maatschappelijk optimaldet opleggen van een
productieplafond kan dan efficiént zijn, al bestagit risico dat de overheid het plafond op een
te laag niveau stelt. Voor kortzichtigheid bij bipdin bestaan echter geen duidelijke
aanwijzingen. Het bestaan van marktmacht op de gdsris eerder een aanwijzing dat
bedrijven op een te laag niveau produceren. Igeal ligt stimulering van de productie meer

voor de hand dan het beperken ervan.

Uit de analyse van verschillende scenario’s btiit het netto welvaartseffect van een plafond
op de productie van Groningen vaak negatief iseedllwanneer het plafond niet ‘knelt’ en dus
geen effect heeft op de productie, zijn de kostehaten in evenwicht, namelijk beide nul
(afgezien van transactiekosten). In dat geval Hestfplafond vanzelfsprekend ook geen nut.
Wanneer het plafond wel knelt, dan kunnen de kdséeluidend groter zijn dan de baten. De
kosten van een plafond op Groningen bestaan ulatestontvangen van de opbrengsten. De
baten van het plafond bestaan uit licht positi€fecten voor de kleine-veldenproductie en

positieve effecten voor de leverings- en voorzigaiekerheid.

De kleine-veldenproducenten profiteren van eeropidiop Groningen als daardoor hun
gasprijs wordt verhoogd waardoor ze meer winst maken plafond op Groningen leidt
overigens nauwelijks tot extra productie uit ddaridevelden. Een plafond heeft vooral gevolgen
voor Europese importen en de vraag naar gas: eaningering in Groningen productie wordt

in Europa vooral opgevangen door meer gas te iraporten minder gas te consumeren.
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De baten voor de leverings- en voorzieningszekdrkemen voort uit het naar achteren in de
tijd schuiven van alternatieve opties voor fleikit. In dit onderzoek hebben we gerekend met
investeringen in gasopslag als alternatief voodilfiditeit die door het Groningen-veld geleverd
wordt. De baten van een plafond op Groningen imégrvan het naar de toekomst verschuiven
van die investeringen blijken in alle scenario’slliedend kleiner te zijn dan de kosten van het
plafond. De op deze manier berekende baten zijermtien overschat omdat uit andere studies
al is gebleken dat gasopslag een kostbare aangékigds en dat andere maatregelen, zoals
tijdelijke afschakeling van sommige eindgebruikeféiciénter kan zijn. Daarbij komt dat
overheidsinvesteringen in flexibiliteit, via eerafdnd op het Groningen-veld of via

investeringen in gasopslag, private investeringemien verdringen.

Een plafond blijkt evenmin een efficiént middekign om Groningen te gebruiken wanneer de
Europese gasmarkt gebukt gaat onder hoge gasprifitwelvaartsverlies van uitgestelde
productie blijkt groter te zijn dan de welvaartsstinan lagere prijzen in de toekomst door het

langer kunnen gebruiken van het Groningen-veld.

Alternatief beleid voor Groningen

Een beleidsmaatregel voor Groningen die mogelijkwedvaartsverhogend werkt is het
verhogen van de productie boven wat de winstmaxser@nde producent doet. De verhoging
moet dan gebaseerd worden op het maximaliseredevarelvaart, dus inclusief de voordelen
van prijsverlagingen voor de consumenten in Neddrl8ij een gemiddelde jaarlijkse
verhoging van bijna 4 miljard fin een scenario met weinig concurrentie op de fese
gasmarkt zou de totale welvaart bijna 4 miljardogumger uitkomen. Een dergelijke maatregel
is echter moeilijk te implementeren vanwege hetoislat de overheid de ‘vioer’ in de

productie voor Groningen op een te hoog niveaustelst

Een andere manier om het productieniveau van hati@gen-veld dichter bij het
welvaartsmaximaliserende niveau te brengen is deuwrcentie op de Europese gasmarkt te
verbeteren. Uit onze analyse volgt dat de lageserijaen als gevolg van de sterkere
concurrentie weliswaar leiden tot een lagere wiestn? voor het Groningen-veld, maar dat dit
welvaartsverlies ruimschoots gecompenseerd worait elen hogere productie en een groter
consumentensurplus voor Nederlandse consumentem.producenten van kleine velden is dit
evenwel minder gunstig omdat zij te maken krijgest een lagere gasprijs. Het netto-
welvaartseffect voor Nederland van meer concureanpi de gasmarkt is echter positief.
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1.1

111

Introduction

Background

Emergence of competition in European gas mark  ets

The European natural gas market started its dereapin the 1960s, after the discovery of the
giant Groningen gas field in the Netherlands. Thpdrtance of natural gas increased after the
1973 oil crisis, as Europe strived to decreasddfsendence on the Middle East oil producing
countries. This process was encouraged by the aswirggs in the North Sea, i.e. in the British,
Norwegian, Dutch and Danish sectors of the contaleshelf. These gas-producing countries
mainly supplied consumers in North-western Eur@mnsumers in other parts of Europe were
increasingly supplied by producers in Russia argeA&, making these countries with their

huge gas reserves prominent suppliers on the Eanoparket

Historically, the European gas market was dominatestate owned monopolists controlling
trade and domestic supplies. International tradk fdace mainly through long-term (i.e.

several decades) contracts with take-or-pay claasesl-linked prices. These long-term
contracts were considered necessary to give inesestainty about recovering the large initial
investments in network and production infrastruetiBupplies to end-users were priced
according to the substitution principle, so that geces were set according to the market prices
of substitute fuels (typically, fuel oil for induil end users, and gas oil for domestic

consumers).

Liberalisation in Europe started in the United Kdogn in the 1980s and 1990s. Competition
among gas producers was established and indepenaaetts were introduced into the market.
This led to the emergence of short term trades,direg the establishment of a liquid spot
markef. The function of grid management was conferreantindependent company. As a
result, gas prices in this country increasinglyoiel from competition among traders and
producers on the gas market, i.e. gas-to-gas citimpetmerged. The so-called wholesale price
constitutes one component of the prices for endsus#her components in these prices are

related to costs of system services, the margidi&iribution, and taxes.

At a slower pace, continental Europe is followihg British liberalisation process. The process
in the European Union is managed through gas riégnta i.e. the European Gas Directives,
proscribing non-discriminatory third-party accesshe networks in order to accommodate

entry by competitive suppliers, and making end nsarkets contestable for competing

! See e.g. Seeliger (2004) for an overview of historic developments
2 Due to their long-term nature, contracts including oil-linked prices which have been concluded in the recent past still
constitute a significant fraction of gas trades in the British market, (see e.g. ILEX, 2004).
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suppliers. This process is not fully realised yeali EU-countries. Currently, 74% of the gas in
the EU-15 countries is consumed by end-users wiéree to choose their gas suppliers.
Although competing market places and supply by trading companies are gaining
importance in various countries, the position & ibrmer monopolists remains strong in most
countries on the Continent. In many EU-countrike,riumber of suppliers on the wholesale
market is no more than one, while in other coustadew wholesale firms dominate supply.
Cross-European competition on the wholesale levedstricted by inefficient linkage of
national pipeline systems (see European Commis20BR).

1.1.2 Searching for the role of governmentinthe g as industry
Governments remain heavily involved in the gas stidu They still have shares in gas
companies, regulate production and transport, amkesmes favour the creation of ‘national
champions’. Also in the Netherlands, the governnieittvolved in upstream, midstream parts
as well as downstream parts of the gas industrfhé\tipstream level, i.e. the production side,
the Dutch government participates in explorati@yedopment and production of gas fields,
gives private firms licenses to operate, imposasdards for private activities, regulates the
commodity markétand levies several taxes. At the midstream anchdoeam side,
government intervention compromises ownership diré of the joint venture with Exxon and
Shell, Gasunie Trade & Supply, and full ownersHiphe gas transmission grid. Moreover,
local public authorities are shareholders of enegligiribution firms.

For several years now, the role of governmenténgdis industry has been subject to debate.
This debate was partly induced by the offtake lnddalisation of the European natural gas
market. As a result of this fundamental changéénstructure of the gas market, Dutch
government is reconsidering its role in the midatneand downstream parts of the gas industry.
One outcome of this process already is the recéanijemented acquisition by the state of the
shares of Shell and Exxon in the transmission@fa®asunie (N.V. Nederlandse Gasunie, with
its subsidiary Gastransportservices, GTS). Thdgiaation of the state in the supply part of
this incumbent (Gasunie Trade & Supply) has nohgkd yet but remains likely subject to
debate. Another outcome of this process is theqmalpof the government to impose ownership
unbundling on the energy-distribution industrxfter the implementation of this measure, the
local public authorities are allowed to sell thehiares in the production and trade firms while
the network firms may be privatised up to 49%.

The process of liberalisation and privatisatioth@ European natural gas market has also
generated concerns about the ability of markeigsatd take those measures which are needed

% Source of this paragraph is Eurostat, Competition indicators in the gas market of the European Union, Statistics in Focus,
08/2005.

“ E.g. by appointing a gas exchange, or providing obligations on parties for ensuring gas supplies in severe winters.

® See Mulder et al. (2005) for a cost-benefit analysis of a full unbundling of the energy-distribution industry.
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from a societal point of view. These concerns faaysarticular on the issue of security of
supply® Security of supply issues arise both in the sand the longer term. In the short term,
security of supply of gas refers to the abilitytteé market to deliver gas from a specific quality
at any moment in time. In the longer term, theésstisecurity of supply refers to the
exhaustion of domestic resources and dependeneEsounrces in other regions. Although the
latter developments are not caused by the proddisemlisation, the question is whether the
market is able to efficiently deal with it.

Until recently, the Dutch government charged Gaswith the task of guaranteeing a secure
supply of gas for the next 25 years (EZ, 1996)sTiligation has been dropped, as a result of
the liberalisation of the market, but the subjext hot been removed from the political agenda.
Still, GTS has a task in securing short-term s@gspiin severe winter conditions. The looming
exhaustion of gas resources in western Europeblydtathe United Kingdom but also in the
Netherlands, raises European dependence on infpamrismore distant regions. As this larger
import dependence could cause a higher risk oflgupgruptions, governments consider
security of supply measures which fit in a libesai European gas market. As disruptions
within the market could also result from insufficienvestments by private parties in flexibility,
governments also consider measures regarding itijialf the gas system such as
arrangements of last-resort supplier.

Government involvement in gas production in the Netherlands

Policy goals and instruments

The discovery of the huge Groningen field at thé efthe 1950s led to the formulation of the
Dutch gas policy which has been largely unchangexd the past 40 yeafsGenerally, the aim
of the gas policy is to maximise the contributidrihee gas fields to the Dutch economy (see
e.g. EZ, 1976). In many documents published bygtheernment in the past decades, the aim of
the gas policy is expressed in terms of resouragagement. In EZ(1979), the government
stresses the importance of gas policy to redu&s nisthe supply of energy. In EZ (1984), the
government formulated as key goals of the gas ydleontinuity in supply, optimal use of
domestic resources and diversification of energy.us its 3rd White Paper on Energy Policy
(EZ, 1996), the government states that the gasydidirected at securing national supply. In
its more recent paper (EZ, 2004a), the governmamtlades that the policy objective is to

® See for instance IEA (2004a), stating that the key question is “whether the market itself will value security of supply and
deliver timely signals and competitive incentives for investments to guarantee secure and reliable gas supply all the way to
the final consumer.”

” Minister of Economic Affairs, Nota inzake het aardgas, Letter to the Lower House of the Parliament, Kamerstukken I,
1961-1962, no. 6767.
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maintain the level of mining activity at the samghhlevel for the coming fifteen years,
maximising the total recovery of natural das.

In EZ (2004), the government formulates three migayets of the gas policy: security of

supply in the long term, reliability of supply ihe short term and environmental effects of
energy production. Encouraging domestic produdgseen as an effective measure to raise the
long-term security of supply. As the swing capapitif the Groningen field is seen as a major
component in guaranteeing a reliable supply irsti@t term, managing that capability is

viewed to be important for the short-term reliaithf gas supply. From a global environmental
point of view, domestic production of gas is viewede preferable above imports as
“environmental criteria applicable to gas productése less strict in countries such as Russia.
Moreover, when gas is transported over large distgrpart of it is lost because of leakages.”
(EZ, 2004).

In order to reach these goals, the governmentaisasety of instruments. The major
components of the Dutch gas policy are the clostioaship between government and private
firms, coordination of production and supply. Ttesults in three types of measures being
implemented (see table 1.1). In the next sectimesglaborate on each of these types.

Table 1.1 Government measures regarding gas product  ion

Type of measure Measure

Ownership Participation of the State in exploration and development
activities

Participation of the State in Gasunie Trade and Supply (T&S)
and, since recently, full ownership of Gas Transport Services ,
GTS (through its parent company N.V. Nederlandse Gasunie)
Regulation Guaranteed offtake of small-fields gas by Gasunie Trade &
Supply
Licenses for gas fields
Financial instruments Fiscal measures
Other financial measures

1.2.2 Ownership
The government participates in (almost all) minggvities via Energie Beheer Nederland
(EBN), a 100% state firm. The ‘Maatschap Groning&riich manages the production from the
Groningen field, is owned by EBN (40%) and NAM (60%hich is a 100% subsidiary of Shell
and Exxon (see figure 1.1). The concession to éqble Groningen field was exclusively given
to NAM. The Maatschap Groningen is obliged to #atl gas to Gasunie Trade & Supply,
which is a joint venture of EBN (40%), the Dutchtst(10%), Shell (25%) and Exxon (25%).

8 “Het beleidsdoel is het mijnbouwactiviteitenniveau nog zeker vijftien jaar stabiel te houden, zodat in zijn totaliteit zoveel
mogelijk aardgas gewonnen wordt”. (EZ, 2004a)
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Gasunie, exclusively responsible for trade andspart, has recently been split into two
separate companies: Gas Transport Services (orMedferlandse Gasunie), which is in charge
of transport of gas, and Gasunie Trade & Supple fbihmer is now fully owned by the State,
while the latter still is a joint venture of the ©@h State, EBN, Shell and Exxon.

Figure 1.1 Involvement of state and private firmsi  n gas production, transport and trade in the Nether  lands

1 G
@ Trade & Supply (T&S)
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The State, via EBN, also participates in offsharevall as onshore mining activities. EBN has
a 40 or 50% participation in all small-fields exgltion and production projects. This
participation reduces the risks for gas firms aables them to have a more diversified

portfolio of projects.

1.2.3 Regulation
Until recently, as said above, the coordinatiopraiduction and supply was realised through
the government authority to annually approve logwgrt (25 years) plans submitted by Gasunie
regarding total gas supply as well as export amubit volumes, and to approve exploration
and production activities of other gas firms. Tteesalso regulated the gas prices through the
‘market-value’-principle as basis for the sale aggsee e.g. Correlje et al., 2000). This
principle states that the price of gas is to beas#dte maximum level not giving consumers an
incentive to substitute to another fuel. Conseduehe principle enables the government to
skim a significant part of the consumer surplusdferent groups of end-users have different
substitution possibilities, different price leveésulted. Generally, gas prices were linked to oil
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products, and hence, to the oil price. Above thisgp Gasunie has been able to charge an
additional price as reward for flexibility in itsisplies?

The introduction of competition in the Europeanunak gas market has changed this kind of
state involvement in production and trade. Gasiliréele & Supply is not obliged anymore to
annually submit long-term production and supplynplavhile gas prices are now determined by
market forces. In long-term contracts, future gases can still be linked to other energy prices,
but spot market prices of gas are increasingly inxag important as reference price in such

contracts.

The state is still involved in production and sypgécisions through the Small-fields policy.
“The essence of this policy is that small fields produced in preference to the Groningen
field” (EZ, 2004). This aim is pursued by two pglimeasures: the offtake guarantee and a cap
on production from the Groningen field.

According to the offtake guarantee, Gasunie Trad&ugply is obliged to buy all gas offered
from small fields against “reasonable conditiond ahmarket prices” (EZ, 2004). This offtake
guarantee is meant to reduce costs as well astamtgrof offshore projects and, hence, to
encourage the level of offshore mining activitigslated to the offtake guarantee of Gasunie
Trade & Supply is the obligation for the transpgystem operator, Gas Transport Services, to
“ensure that gas from small fields can be takeimupe gas transport systef?".

The cap on Groningen production is meant to comsigs\swing capability which is needed by
Gasunie Trade & Supply to offer the offtake guagar(EZ, 20054J. Until recently, production
from the Groningen field was indirectly restrictidough a ceiling of 80 billion fron total

Dutch gas production. The difference between thiglland the actual small-fields production
determined the cap on Groningen. As small-fieldslpction is expected to decline in the

(near) future, the indirectly determined cap onridrgen would rise and, hence, the flexibility
capability of this field would decline earlier whigcin turn, is claimed to raise costs of small-
fields production. This decline will partly be coensated by additional investments in the so-
called Groningen system, which includes the Groginfield and storage facilities (see EZ,
2005a). Nevertheless, a ceiling on Groningen priidinds viewed to be necessary to secure the

? See e.g. Asche et al. (2000) who find significant higher prices for German import from Netherlands compared to imports
from Norway and Russia while Norwegian gas was priced above Russian gas. These price differences follow from the fact
that “Dutch gas contracts are known to specify highest volume flexibility while Norway has a fair swing component whereas
the Russians deliver the base load with a limited amount of swing.”

% Besides this task as a part of the small-fields policy, the transport system operator is obliged to guarantee deliveries of
additional gas below an effective temperature of — 9°Celsius and intervene if a supplier defaults on the supply of gas to
small-scale users. See http://www.gastransportservices.com/gastransport/en/aboutgts/company/services/public_tasks.

1 “Het ging en gaat er om te verzekeren dat het Groningenveld zijn functie voor het kleine veldenbeleid kan vervullen”. (EZ,
2005a).
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future availability of flexibility. The abovementied indirect ceiling has been replaced by a
specific cap on Groningen which is formulated imte of a maximum average annual
production over a period of five years (EZ, 200%2yer the period 2006 - 2015, Gasunie Trade
& Supply is allowed to take 425 billion cubic metrfeom the Groningen field, which is an
average annual cap of 42,5 billion cubic metres.

Financial instruments

Another group of government measures affectingytiseindustry are financial instruments
consisting of tax measures and other financial omesas The tax measure directed at the mining
industry is the corporation tax which is the proéitated tax applicable to all corporations. This
tax generated approximately 30% of total governmewgnues from the gas industry in the past
twenty years (see figure 1.2). The non-tax finanti@asures comprise a number of measures,
notably royalties, payments on the state’s shiar&E8N (100%) and Gasunie Trade & Supply
(10%), and petroleum tax. The royalties, whichahlemp-sum tax independent on size of
revenues, are only charged for onshore fields.

As EBN is a 100% state firm, the government recewBN’s total profit. The share of the state
in the profit of Gasunie Trade & Supply is subjeca threshold and the so-called “rule of
additional returns of Groningen ga$'The profits of Gasunie Trade & Supply dependhn t
difference between the purchase price, i.e. treeéaid to the Maatschap Groningen for the
delivery of gas, and the selling price, i.e. thiegreceived from the buyers of gas. Profits up to
the threshold of 36.3 million euro are paid to $hareholders as dividend (see Annual Report
of N.V. Nederlandse Gasunie, 2084 Profits above this threshold are distributedueen the
Maatschap Groningen and the Kingdom of the Nethddaccording to the above rule of
additional returns on Groningen gas. The highedifference between the purchase price,
which is an internal transfer price, and the sglfimice, which is the market price, the higher
the share of the state in the profit of Gasuniel&r@& Supply. According to AR (1999), this
share varies from 66,67 to 95%.

2 |n Dutch: ‘Meeropbrengstregeling Gronings Aardgas’ (MOR). The rationale of this rule is that the state should receive the
largest part of additional profits following from price increases (see e.g. EZ, 1976). A detailed description of the (financial)
relations between state and the other agents involved in the gas industry is given in a memorandum of the Minister of
Economic Affairs,Tweede Kamer, vergaderjaar 2004—2005, 28 109, nr. 6.

3 In 2004, Gasunie Trade & Supply was not yet separated from the N.V. Nederlandse Gasunie.
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Figure 1.2
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Source: EZ (2005).

The petroleum tax is the share of the state irpthét of the mining firms. This profit share
differs between small fields, both onshore andhaffe, and the Groningen field. For the small
fields, the tax rate is 50%, for the Groningendilis significantly higher. This tax rate applies
to the taxable profit which depends on, among ettfescal rules for depreciatithand uplift.
The abovementioned corporation tax is deductibka@fpetroleum tax, implying that a change
in the former, e.g. lower tariffs, is compensatgalthange in the latter.

Debate on the guaranteed offtake and the cap on ~ Groningen

According to many authors, the small-fields poljcgmprising both offtake guarantee and cap
on Groningen) has been effective in raising pradadrom the offshore are. Quoting Peebles
(1999), the small-fields policy “has resulted ie tthevelopment of many small deposits of gas
which otherwise may have been uneconomic for thdymers and thus left in the ground”.
Figure 1.3, depicting the production from both @r@ningen field and the small fields since the
offtake of Dutch gas production, shows that inlgidhe production from the Groningen field
grew strongly, resulting from the government’s pplio exploit this field rapidly (EZ, 1996).
After the first energy crisis in the early 1970% Dutch government, worried about future
ability of energy resources, formulated the potizygive fields outside Groningen a preferential
treatment, which is the small-fields policy. Asesult, production from Groningen declined

* See Mulder et al. (2004) for an analysis of the effects of the abolition of depreciation at will.
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while production from the small fields increasewsgly. Because of its impact on the
conservation of the Groningen field and its flekibicapability, the small-fields policy is
believed to have contributed to the security of ggsply (IEA, 2004).

Figure 1.3 Production from Groningen and small fiel  ds (in billion cubic metres)
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According to EZ (2004), the outlook for small-fislgroduction strongly depends on the
flexibility capability of the Groningen field. Whethis field is not able any more to act as a
swing producer, costs for the exploitation of samall fields would allegedly become
prohibitive as the costs of managing the load faff these fields rise. Restricting the
production of the Groningen field, by the above tiwred cap, is therefore seen as a necessary
policy to maximise production from the small field$e offtake guarantee is also viewed as
“crucial for an optimum exploitation of the Dutchgreserves” (EZ, 2004).

Although the effectiveness of the small-fields pglis generally recognised, the efficiency is
more subject to debate. The relevance of that gurelsas increased due to the growing
importance ascribed to market factors in the gakets In their overview of four decades of
Dutch gas policies, Correljé et al. (2000) state teleasing the restrictions on production from
the Groningen field would contribute to achievingeampetitive gas market where gas would be
available at lowest costs for consumers. The OEZID4), in its economic survey of the
Netherlands, suggests that “with the ongoing liliaiion and development of the European
gas market various market participants could perfttre balancing role hitherto played by the
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Groningen field as part of the small-fields polidy’'One can doubt whether an offtake
guarantee given to private firms as well as a ve@luestriction imposed on production from a
particular field fit in a liberalised market. Boteasures lead to reduced costs for small-fields
production but the question is whether the benefithese measures exceed these costs. The
OECD (2004), therefore, advises to “evaluate thigoresent value of different resource
management approaches to assess whether or revh#fiefields policy should be maintained
in the future”.

In addition, one can wonder whether the small-fgddlicy is an efficient policy to reach the
targets formulated by the government (on secufisupply, environment and contribution to
the Dutch economy; see above). The IEA (2004)instance, states that the security of supply
target can also be pursued by other measuresad sfeahe small-fields policy as “theoretically,
small fields production (...) can be replaced by gagarts to maintain Groningen’s
capabilities” although that would require additibimvestments in the infrastructure. Although
the IEA (2004) states that specific policy is nektteencourage production from the small
fields, this institute advises to constantly asskeesmall-fields policy from a longer-term
perspective, using the cost-benefit methodologyeltmed for assessing security of supply

issues.

Market failures and government policies

From a welfare-economic point of view, governmeuligies are advisable if market failures
exceed failures of such policies. A market failg iesults in levels of production or
consumption deviating from the socially optimaléés In Mulder and Zwart (2006), we
extensively analyse whether the presence of méaltates in the natural gas market calls for
government intervention. We conclude that severetbirs make this market sensitive to
inefficiencies following from market power. Thosecfors are in particular geopolitical factors,
economies of scale and regional restrictions aetrahe geopolitical factors consist of the
growing import dependence on a number of expotmgtries and the still large influence of
governments in energy markets, both in exportindyienporting countries. The presence of
huge economies of scale in transport together redional restrictions in trade give suppliers in
regional markets power to charge high prices.

Other market failures which may call for policy reaees are externalities related to production.
Without these measures, a private gas producertmajtully internalise the effects of its
production on other producers (i.e. tragedy ofdtwamons), on future consumption or
environment. Consumption also may cause an exigriaal individual consumers do not take

% To illustrate the developing European gas market, the OECD refers to the rising interconnection capacity and the
development of spot and forward markets “offering a liquid market for small producers to sell output and hedge risks”.
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into account the impact of aggregate consumptiomport dependence. Inefficient market
outcomes can also follow from governments if thegrot commit to non-intervention in
energy prices in case of extremely tight marketddions. As a result, private investments will
be below the socially optimal level. Other argunsent government intervention in the gas
industry, in particular the limited window of oppanity for gas production and the indirect
economic effects of the gas industry, are diffitalbase on an analysis of market failures.

Relationship with other recently published CPB repo rts on gas depletion

In recent years, CPB has published several reports on gas depletion in the Netherlands. Each of these reports is

directed at specific aspects of this issue.

In a study on risks on energy markets and energy policies, De Joode et al. (2004) analyse the efficiency of several
security-of-supply measures, including a production cap on the Groningen field. Only taking into account the benefits of
a cap on security of supply, this report concludes that this measure is highly expensive. In this report, we assess not
only security-of-supply benefits but also the impact of a production cap on small-fields production. This more extensive

analysis does, however, not change our conclusion on the efficiency of the cap.

In a paper presented at the 19th World Energy Congress, De Joode and Mulder (2004) assess the efficiency of
advancing production from the Waddenzee area in order to extend the swing capabilities of the Groningen field.
Implicitly assuming that the gas market is unaffected by Dutch depletion policy, the question dealt with is which field -
Groningen or Waddenzee - should be used first for the supply of base-load demand. They find that the costs of
advancing production from the more expensive field, i.e. the Waddenzee area, are lower than the benefits of extended
flexibility of Groningen. In this report, we do take into account the impact of depletion policy on the gas markets,
resulting in the conclusion that there is hardly a trade-off between Groningen production and small-fields production as

changes in the former merely affect imports.

An analysis of the efficiency of one specific fiscal measure directed at small-fields gas production, i.e. the Depreciation
at Will (DAW), is given in Mulder et al. (2004). This report concludes that the DAW improves the profitability of all
exploration and production projects but that an introduction of this fiscal measure would hardly affect the magnitude of
offshore activities because of other restricting factors, such as geological research and licensing procedures. As a
result, introduction of DAW would merely result in a ‘dead-weight loss’ following from inframarginal projects benefiting
from this measure. From that analysis follows that more efficient changes in the fiscal regime would be measures
reducing the tax burden on marginal projects without relieving the tax burden on inframarginal projects. In this report, we
focus on other measures directed at small-fields production, taking into account an impact of taxes on the effectiveness

of these measures.

Governments have different options to address né&ilares, varying from ownership,
structural measures, regulation and financial measidowever, market failures do not
necessarily require direct government interventmsolve them as this intervention also causes
costs and market forces themselves may be capbbtdving of these failures. Consequently,
before implementing government measures, carehliyaes of both market failures and
government failures have to be made.
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Scope of this report

In this report, we assess the welfare effects of@eding with the current Dutch gas-depletion
policy. The key question here is whether it isadfint to maintain the existing policy measures
directed at activities of the upstream gas indudthys analysis focuses on two major
components of this policy: the cap on productiamfithe Groningen field and the offtake
guarantee for small-fields production.

In order to answer this question, we assess bethdhts, including the costs of a transition to
another policy, and the benefits of these measWeswill also pay attention to the distribution
of welfare, both national and international. Weu®son the costs and benefits for the
Netherlands, implying that effects on foreign coies, e.g. higher consumer prices or
environmental benefits, are not taken into accaRagarding the welfare effects on Dutch
production and consumption, we assume that thdsetefemain in the Netherlands. We
distinguish welfare effects for two groups of prodts (Groningen and small fields) and two

groups of consumers (high-quality and low-qualitpsumers).

Chapter 2 presents the general framework of thelmrsefit analysis, paying attention to the
definition of the policy alternatives, the choidetlee discount rate and the definition of
background scenarios. Chapter 3 presents the easffibanalysis of the offtake guarantee
while the analysis of the cap on Groningen is thigext of chapter 4. Chapter 5 presents the

overall conclusions.
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2.1

2.2

Framework for the cost-benefit analysis
Introduction

This chapter offers a framework for analysing thets and benefits of the small-fields policy.
This framework is based on Eijgenraam et al. (2080 presented a guideline for conducting
cost-benefit analysis of infrastructure projects] ®e Joode et al. (2004) who applied that
framework to energy policies. The framework corssgdta number of steps to be taken. The
starting point for any cost-benefit analysis cotssis the definition of policy options (section
2.2). Afterwards, the choice of the discount ratecfion 2.3) as well as the definition of
background scenarios (section 2.4) have to be assielde

Policy options

The policy options we are going to assess aredhean the Groningen field and the offtake
guarantee for small-fields gas. We call these tptioos our'project alternatives’.In the Dutch
natural gas act (article 55 of the so-called ‘Gaywne Minister of Economic Affairs
introduces a ceiling on production from the Gromindield over a period of 5 years, which
replaces the national production cap which hadedibefore. In a recent letter to the
Parliament, the Minister of Economic Affairs (209%5as set the ceiling on Groningen on 42.5
billion cubic metres on average per y&4ain our calculations, therefore, we assume a cap on
Groningen of 42.5 bcm per year. In line with cutneractice, this cap only limits aggregate
annual production, and allows for larger produciimhigh demand winter seasons and low

production in summers.

We assess the welfare effects of the project altem by comparing it to the so-callaalll
alternative’in which these measures are cancelled but otHmypuoeasures regarding the gas
industry currently implemented, such as fiscal st and licenses regimes, remain. Although
the offtake guarantee for small-fields gas andcdeon Groningen do not exist in the ‘null
alternative’, this does not imply market partiegénaot implemented compensating measures.
To the contrary, in the ‘null alternative’ markedrpies respond to changes in their environment.
For instance, without the offtake guarantee Gastira€e & Supply might still be active on the
market for small-fields gas. The key issue hemghigh solutions will be found by these parties
and to which extent these market solutions genenat&et failures. Clearly, whenever market
failures are absent, the welfare effect of anyrirgation can only be zero or negative.

%8 In individual years the actual production may be higher as the cap is formulated as a maximum production of 425 billion
cubic metres over the period 2006 - 2015.

" The Minister of Economic Affairs (2005a) also expects that the cap will restrict production from the Groningen field as
Gasunie Trade & Supply assumes higher production levels in its business analysis.
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2.3

Generally, effects of policy measures are distigigeid in direct, indirect and external effects.
Direct effects are defined as those effects foltmndirectly from the policy measure. More
specifically, in the case of gas market policieseat effects are the effects on the natural gas
market. These effects may expand to other marktetsso-called indirect effects. Some of the
indirect effects are merely redistributions of vaedf, or transferred direct effects. The third
category of effects are external welfare effects,affects which are not internalised by markets
and, hence, reflect market failures. In this ariaJyse focus on the direct effects of the policy
measures as the indirect and external effectsetatvely small'®

The discount rate

Discounting future cash flows forms an importantponent of a cost-benefit analysis.
Although we will not be able to quantify all effsatf the small-fields policy, in some cases
guantification is both possible and useful. We ¢lf@re have to choose which discount rate we

will use.

One of the key issues here is whether the disaat®t i.e. the required rate of return, of the
government should be different from the one chds®n a private investor’s point of view. An
alleged reason for the possible distinction betwtbersocial hurdle rate and the companies’
required rate of return is the presence of capitatket imperfections, resulting in higher capital
costs for companies. Another reason for lower gavemts discount rates might be myopic
behaviour of companies making them not taking agcount benefits in the more remote
future. Although the role of both capital-markepienfections and myopic behaviour are
subject to debate in the economic literature, geiserally viewed that the government should

use the same discount rate as companies (see iaigtriylof Finance, 2003).

So, where private investors demand a return orsinvents that is commensurate with the
(undiversifiable) risks in the investment, the gowveent (on behalf of the tax-payer) should
value this risk in the same way. The rate of retlemanded by private investors as a
compensation of risk is a good indicator of thedist rate to be used for a government
appraisal of the economic viability of investmeintgjas projects. The reason is that the firm’s
discount rates are a reflection of the risk inhenemhe investment. Governments experience
the same risk, and should value it therefore as W&he valuation of the Groningen gas field

is no exception to this rule. The major systemasiks in cash flows, faced by private sector

18 See for instance De Joode et al. (2004) where it is demonstrated that indirect and external effects of energy policy
measures are relatively small compared to the direct effects.

* One component of risk to which governments may be less exposed than private firms is regulatory risk. This may more
likely be classified as specific risk (i.e. risk that can be diversified through spreading investments over various sectors and
countries), and as such does not warrant a risk premium. Regulatory risk may, on the other hand, be a rationale for involving
governments in investments, e.g. in joint ventures.
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and government alike, stem from uncertainty oveurfigas demand and, hence, future gas
prices.

In order to determine the appropriate discount, thtee components have to be determined:
the risk-free real interest rate, the real rateetifrn in the stock market, and the systematic risk
of a project, i.e. the relationship between thk ofa project and the risk in the market which is
called ‘the beta’.

In the Netherlands, but also in many other cousttige official risk-free rate is determined at
4% (Ministry of Finance, 2003). Compared to therent real interest rate, this rate is fairly
high. Over the last decades, the real risk-freerést has declined to the current level of about
2%.

The real rate of return in the stock market andekiel of systematic risk of a project determine
the risk premium which has to be added to thefrisk-interest rate. In order to determine this
risk premium, the governmental commission on rigraisal (Ministry of Finance, 2003; see
also van Ewijk and Tang, 2003) recommends the tifgedollowing rules of thumb:

Compare the project to a similar project in thege sector. If available, use the discount rate
of that project. “The yield which the benchmarkjpab is expected to generate, or its beta,
provides a good indication for the degree of riskogiated with a comparable public sector
project.” (Van Ewijk and Tang, 2003).

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 risk+feal interest rate.

If the project involves systematic risks, (i.e.uiie cash flows associated to the project depend
on risks that are non-diversifiable, such as riskelated with economic growth), try to
establish what risk premium is associated withrisieand add it to the risk-free discount rate.
If it is impossible to establish a risk premiuma@sated with the particular risk, use the central
value of 3% as risk premium.

Using the official risk-free rate of 4% and a riglemium of 3%, a discount rate 7% follofs.
Given the current real interest rate of about 2%the relatively low systematic risk in the
long-term cash flows of gas production, also lodiscount rates are conceivable. We will
assume a real discount rate of 5% as a plausitdelvased on current interest rates. As variants

% This percentage is approximately equal to the real rate of return to investments in large companies over the period 1926-
1990, and is also advised by the US Office of Management and Budget for standard cost-benefit analysis (Newell et al.,
2004).
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we consider real rates of 3% and 7% as the loweugper ends of a range of plausible
discount rates, given uncertainty about long-rderist rates and the beta. Therefore, we

calculate the costs and benefits using three diffediscount rates: 3%, 5% (base case) and 7%.

Discount rates and constraints for mining activitie s

Discount rates used by globally oriented firms are said to be above the rates mentioned in this section. These higher
hurdle rates may follow from the inclusion of non-systematic, diversifiable risks as well as the shadow prices of
constraints on capital and human resources. These firms operate in a global market place and cherry-pick those
projects that offer highest returns. The reason for this is that exploration and production of gas involve both large
amounts of capital and potentially scarce human resources. The exploration and production industry responds to such
scarcity of production factors by focussing on the most profitable business opportunities, and consequently ranks
projects in a merit order where only the more profitable projects are undertaken. As a result, scarcity costs are reflected
in higher hurdle rates. In the longer term, however, changes in the availability of resources translate into price changes,
reducing the rate of return of all projects and making projects on the bottom of the merit order negative present-value

projects.

An example of a capital constraint which is reflected in price rises is the limited availability of moveable rigs used for
exploration drilling. When exploration activities become more profitable, the demand and hence the price for such rigs
increases . As the August issue of World Oil reports: “As is always the case when the rig market tightens, day rates are
on the rise. In January of this year, North Sea jackup market rates ranged from $50,000/day to $100,000/day. In June,
North Sea jackups were on contracts ranging from $85,000/day to $145,000/day.” In the longer term, sustained high
prices are expected to provoke new investments, leading to prices reverting to average price levels. Indeed, “The fact
that offshore rig demand will outstrip supply this year has not been lost on some rig owners and market speculators.
Since January 1, orders for 24 new rigs have been placed with shipyards, bringing the total number of rigs under
construction worldwide to 41. Of these, four are being built specifically to work for national oil companies, three have
contract commitments, and the remaining 34 are being built on speculation. Thirteen are being built by companies that
fall outside the traditional drilling contractor category, i.e., they are true market speculators.” (World Oil Magazine
(2005)).

Another possible restriction on mining activities is the availability of financial means for Exploration and Production
activity (E&P). When profitability in this industry increases, however, more financial means become available. Indeed,
Norwegian MPE/NPD (2005) observes that “Rising demand for oil and gas has contributed to a stronger exploration
effort. As a result, the petroleum industry is investing more money worldwide on exploration than has been usual in

recent years”.

Finally, on the human resource side, experienced personnel is scarce and training of new personnel requires time.
Again, this may be expected to translate into higher rates for subcontractors, as well as potential competition on the

employment market resulting in higher wages.

2.4 Scenarios of European natural gas market

24.1 Introduction
In order to analyse consequences of policy optibaskground scenarios have to be defined.
After all, the consequences of implementing a golieasure depend on the development of
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the market, in particular the demand for gas, #grele of competition on the European market,
and the price on the global energy markets, inqadar oil and LNG-prices. We first elaborate
on the outlook for each of these factors (sectidn2l and then define the scenarios we will use
in our analysis (section 2.4.3).

Outlook for demand, competition and prices

In the recent past, a number of institutions presgbacenarios for the European gas market,
such as IEA (2004a), CPB/RIVM (2004), Energy MasketExxonMobil (2004¥% European
Commission (2003) and OIES (2006).

Scenarios of gas demand in OECD-Europe ( bcm)

0

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

— historic —---Strong Europe - Transatlantic Market
--—-Regional Communities —— Global Economy —— IEA reference scenario
—— |IEA alternative scenario

Source: IEA (2004a) and Bollen et al. (2004).

Figure 2.1 shows demand for natural gas in OECBirboth for the past period since 1980
and the future up to 2040 according to scenarideefEA (20043 as well as CPB/RIVM
(Bollen et al., 2004) while table 2.1 presentsadtierage annual growth rates of the demand for
gas for these and other scenarios.

In the past 20 years, demand for gas increasedalipiiny 3.2% on average. In its Reference
scenario, the IEA assumes that gas demand in OE@BpE will grow by 2.2% up to 2010 and
at a lower pace in the following decades. The |Bferhative scenario shows significantly

% See http://www.gasandoil.com/goc/marketintelligence/energymarkets/welcome.html.
2 gsee http://www.exxonmobil.com/Corporate/Citizenship/Imports/EnergyOutlook05/slide_18.html.
2As the IEA scenarios ends in 2030, we have extrapolated these up to 2040.
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lower levels of growth in gas demand, which resiutisn the implementation of fierce

environmental and energy-security policies in |EAkatries.

In the Global Economy scenario of CPB/RIVM, thettiial trend is pursued. In the first
decades of the scenario period growth is projeicidn: even 4.3 % per year. Later, this growth
decreases because of a lower economic growth gheérmhgas prices inducing substitution to
other energy carriers. Also the Transatlantic Maskenario and the Regional Communities
scenario show an increasing demand in the firsadieof the scenario period, but in both
scenarios the growth comes to a halt in the sesoedario period. The reasons for this
stagnation in both scenarios differ. In TransaitaMtarket scenario, the constrained supply and
corresponding higher gas prices put a downwardspreson demand for gas; in Regional
Communities, a low economic growth drives down gpetemand. In Strong Europe, gas
demand rises less in the first scenario perioddsatines when international climate policies
strongly increase energy prices and, hence, resleeyy demand.

Table 2.1 Annual growth of gas demand in OECD-Europ e, historical and in a number of scenarios

1980-2002 2002-2010 2010-2020 2020-2030 2030-2040 2000-2020 2002-2030
Historical realisations 3.2
IEA Reference scenario 2.2 1.9 1.4 1.3 2.0 1.8
|IEA Alternative scenario 1.4 1.1 1.1 1.1 1.2 1.2
CPB Strong Europe 2.5 1.4 -15 -3.6 1.9 0.7
CPB Transatlantic Markets 34 0.3 -0.5 -0.2 1.7 0.9
CPB Regional Communities 3.0 0.5 -0.5 -04 1.7 0.9
CPB Global Economy 4.3 2.2 11 0.4 3.1 2.4
European Commission 0.9
Energy Markets Big Bang 25
Energy Markets Middle Way 2.4
Energy Markets Slow fuse 2.1
ExxonMobil 15
OIES 15

Source: |EA (2004a) and Bollen et al. (2004); own calculations.

The European Commission (2003) assumes that gasndkeim Western Europe will increase by
1.4% up to 2010 but that it will stay at a consfarel in the next two decades. Over the period
up to 2030, gas demand of the European Union isagd to grow with 0.9% annually. The
three gas market scenarios of the ‘Energy Marl@tsent a rather strong growth in gas
demand in OECD Europe, i.e. 2.1 to 2.5% on avepagegear. ExxonMobil (2004) presents a
1.5% growth of gas demand in its scenario of gl@n&rgy markets. In a bottom-up analysis of
gas demand in the European electricity industry Qiford Institute of Energy Studies (OIES)
expects an annual growth of 1.5% of total gas dehmathe EU-25 up to 2015, based on 2.7%
growth in the power industry and 1% growth by tligeo gas consumers (Honorée, 2006).
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Competition and LNG-prices

The IEA (2004a) assumes that gas prices remaiedin& the oil price. Regional differences

will continue to exist, determined by different plypand demand conditions, but these
differences are expected to decrease becausereéserl spot trading of LNG which enables
arbitrage between regional markets. For EuropelBAg2004a) expects a gas price of 3.30
dollar per Mbtu in 2010 which gradually increase4 130 dollar per Mbtu in 2030. These prices
correspond to 11 and 14 dollar pet, nespectively. The European Commission (2003)eutsj

an increase in the European gas price to 28 eurbgveel, which would amount to about 12
eurocent per f Also the European Commission believes futureltesin the European gas
market will be determined by global conditions eegional price differentials are expected to
diminish significantly over the next 30 years, eeting more comparable gas supply mixes by
2030. This is due to increasingly interconnectesimarkets, with the same producers exporting

to different consuming regions”.

Gas prices at NBP and Henry Hub, and BAF  A-prices, January 2000 - January 2009
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Data up to January 2006 refer to realised prices, later data refer to forward prices.

Indications for both level of the future gas prared the spread between winter and summer
prices can be derived from historic and forwaradgsiat Henry Hub, NBP and the BAFA
prices* (see figure 2.2). Until the beginning of 2005, rage gas prices in these markets were
generally between 10 and 15 eurocent peromt since that date prices have increased to an

average level of about 25 eurocent due to curesttictions in the gas market. It is expected

2 BAFA prices are German border prices which appear to be a good proxy for oil-linked prices at the European continent.
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that prices will go down in the medium term wheeg restrictions have been lifted, for
instance by increased investments in pipelinesl&@-infrastructure.

2.4.3 Definition of our scenarios
Using the results of the above scenarios regaftituge demand for gas, degree of competition
in Europe, and LNG-prices, which depend on globahgetition, we define four scenarios:
Baseline scenario, Competition scenario, Sellerdcetacenario, and High-price scenario (see
table 3.1)%®
In the Baseline scenario, competition on the Euaomgas market is modest, meaning that
competition is to a certain extent restricted, byginsufficient cross-border transmission
capacity and a limited number of suppliers in naianarkets.
Table 2.2 Definition of scenarios
Baseline Competition Sellers’ market High prices
Degree of competition on gas market modest high low very low
Annual growth of gas demand (%) 15 1.0 15 2.0
Average threshold price for LNG (euro / m®) 0.15 0.13 0.18 0.28

In the Competition scenario, conditions for comipati are more favourable resulting in fairly
fierce competition on the natural-gas market. Maezpthe development of the global LNG-
market depresses prices for which LNG would becawadlable for Europe. Prices above
which LNG becomes available are on average arout®l€uro per f(in real terms), which is
comparable to an oil price of about 30 dollarslarel. We further assume a spread between
winter and summer prices for LNG of 0.04 euro p&(imall scenarios), comparable to the US

spread in forward prices between seasons (seefyay.

In the Sellers-market scenario, market power fpp$iars is stronger than in the Baseline case,
both in the European natural gas market as weil Hee global energy markets. Threshold
prices for LNG to become competitive are signifitgabove the baseline prices, comparable

to (real) oil prices of about 40 dollars per barrel

In the High-price scenario, economic growth anadeéased demand for gas by in particular gas-
fired power plants generate a relatively strongease of the demand for gas while high oil
prices, strategic behaviour of non-EU suppliers laigth prices needed to attract LNG to

Europe cause prices to remain around current leiggis.

% Other assumptions, e.g. on production and transportations costs, are described in Zwart et al. (2006).
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24.4 Scenario results
Using the NATGAS model (see text box ‘NATGAS) ahe aibove scenario definitions we are
able to make quantitative outlooks for each scenari

NATGAS

The NATural GAS model is an integrated model of the European wholesale gas market providing long-run projections of
supply, transport, storage and consumption patterns in the model region, aggregated in 5-year periods, distinguishing
two seasons (winter and summer). Model results include levels of investment in the various branches, output and
consumption, depletion of reserves and price levels.

The NATGAS model computes long-term effects of policy measures on future gas production and gas prices in Europe.
NATGAS is an equilibrium model describing behaviour of gas producers, investors in infrastructure (pipeline, LNG
capacity, as well as storage), traders and consumers. NATGAS covers the main European demand regions, including
the United Kingdom, Germany, the Netherlands and Italy. Moreover, it covers the main origins of supply on the
European market, such as Russia, Norway, Algeria, the Netherlands, the United Kingdom and LNG.

Dutch production is modelled as small-fields production and Groningen production. Markets are differentiated between
various gas qualities, low- and high-calorific. Low calorific gas is produced in the Groningen field and German fields, and
consumed in sectors of Dutch, German, Belgian and French demand. The majority of gas used in Europe is high-cal
gas. There is a relation between the two separated networks in the form of quality conversion: at a cost, high-cal gas
can be diluted (e.g. by mixing with lower calorific gas or with nitrogen) to produce low-cal gas.

Producers are assumed to behave strategically, i.e. optimising gas supplies to consumption regions by taking into
account the effects of their supplies on prices. Apart from that, producing regions may have separate (policy guided)
constraints on gas production and export. Other agents are assumed to act as price takers.

Consumer demand is a function of economic growth and prices. The relationship between gas price and demand, i.e.
the price elasticity of demand, is based on a review of econometric studies (see Stam, 2003). This review concludes
that the long-term own price elasticity of the demand for gas in a number of studies varies between 0.18 and 0.65. In our
model, we use an elasticity of 0.25.

In Zwart et al. (2005), we give an extensive description of this model.

Figure 2.3 depicts the development of suppliesumfe from major sources in the baseline
scenario. In this scenario, the total supply toEbeopean market increases from the current
level of about 500 billion cubic metre to above Hillon cubic metre after 30 yeaf®.
Production from the Dutch small fields decline®sgly in the coming 30 years from now.
Algeria, Norway and Russia show an increasing sufgpEurope. Due to its relatively low
costs, Algerian supply is an important source feeting the growing demand for gas in the
near future. When the costs within this countryéases, Russia gains a larger market share.
This holds as well for LNG-sources which expandrsgty after 15 years (see also figure 2/4).
In the baseline scenario, the share of LNG in tapiply to OECD-Europe increases to about

10% in 2030. In the high price scenario, LNG ixestly that it is not imported. The decrease

% Note that IEA (2004) expects a growth in gas demand in OECD Europe from 491 bcm in 2003 to 807 bem in 2030.
" Note that IEA (2004) forecasts an increase in import dependence for OECD Europe from 36% in 2002 to 65% in 2030.
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in LNG-shares in the first period in all scenariokows from reduced restrictions on Europe’s
pipeline capacity resulting from investments in bieginning of this period.

Figure 2.3 Origin of natural gas to Europe, baselin e scenario (in billion cubic metre per year)
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Figure 2.4 Share of LNG to OECD-Europe, in four sce  narios (%)
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Figure 2.5
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The average gas price in the Netherlands incrédes®sabout 12 to 16 eurocent pet im 2030.
(see figure 2.5). Of course, the High-price scenshiows a strongly increasing gas price during
the scenario period. The Competition scenario sHowsr gas prices due to increased supply.

Average annual gas price in the Netherla  nds in four scenarios (euro /m ?)

2005-2010 2010-2015 2015-2020 2020-2025 2025-2030 2030-2035

—— Baseline — - — Competition ----- Sellers' market —- —- High prices

The additional supply in the Competition scenatérs from several sources, including the
Groningen field. The average annual productionhigyfield is about 10% higher than in the
Baseline scenario (see figure 226Production by the Dutch small fields in the longem is
hardly affected by the lower gas prices as thesdumers remain inframarginal, i.e. other
suppliers to the European market are the margupglgers and will reduce their output in
response to the lower prices. If prices rise stigrigpwever, small-fields production will
increase as more fields will become profitable.d@ation over the first twenty years averages
around 30 bcm annually.

In the Sellers-market scenario, prices are ablowdaseline prices. Here production from
Groningen is about 10% below the baseline prodnaiwto 2020; afterwards, production here
is above the base line level due to the earlieaestion in that scenario. Consequently, a close
link exists between the degree of competition &edproduction profile chosen by the operator
of Groningen.

% Note that current annual production of Groningen is about 30 bcm while the small fields now produce about 40 bcm per
year (see chapter 1).
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Figure 2.6 Annual production of Groningen (left) an  d small fields (right) in four scenarios (billion ¢ ubic
metre per year)
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2.45 Sensitivity analysis of scenario results
The differences between the scenarios remain wkechange key assumptions. Here we
investigate the sensitivity of the results to othalues for the discount rate, other assumptions
on exogenous LNG price levels, different rateseaflishe of the offshore infrastructure at the
Netherlands Continental Shelf, and different lewdlsax distortions.
Discount rate
Figure 2.7 Effect of lower (3%) or higher (7%) disc  ount rates on Groningen production, in four scenari os
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Figure 2.8
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Different assumptions about the discount rate 8i.& and 7%) do result in different levels of
production by Groningen. A lower discount rate nsgestponing production less expensive
and, hence reduces current production. This haldalf scenarios (see figure 2.7).
Consequently, different discount rates do not affee above conclusion on the relationship
between the degree of competition and the produgiofile of Groningen.

LNG-price

We also explore the sensitivity to our assumptini.NG prices by comparing, in the Baseline
scenario, the effect of changing the average LN@&sthold price to 13 cents (low), or 18 cents
(high). In figure 2.8 the resulting price paths pletted.

Effects of different LNG price levels on Dutch prices, Baseline scenario (euro/m %)

2005-2010 2010-2015 2015-2020 2020-2025 2025-2030 2030-2035

——base - --low LNG price ----- high LNG price ----very high LNG price

We see that the effect on prices is relatively siméilally, since LNG imports are minor in the
first periods of the scenarios. As indigenous gasurces are depleted and the share of LNG
increases, the effect on prices also becomes largereffect on volumes of LNG in 2030 is
shown in figure 2.9. While in the high-price vatiabNG does not play any role of significance
before 2030, the share of LNG in the low-price aatiincreases to 27%, or 200 bcm per year,
compared to 10% in the Baseline scenario. In thigant, LNG mainly displaces future imports
of gas from Russia and Norway, the sources of matgjas for Europe. With high LNG prices,
the shortfall of LNG , conversely, is compensatgdnereased pipeline imports from these

regions.
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Figure 2.9 Effects of LNG price levels on shares of  LNG, Baseline scenario (%)
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Infrastructure availability
Another sensitivity we explore involves the ratadepletion of Dutch small fields. There is
uncertainty over rates of exploration and productbsmall fields futures as well as over the
total volume of futures. Uncertainty arises at igmstially from constraints on availability of
infrastructure. We evaluate the effects of varimies of decline of infrastructure availability,
resulting in different decline rates of Dutch snialds production. In table 2.3, the effect of
these variants on average annual production of Bodimingen and the small fields of these
different assumptions is shown.
Table 2.3 Effect of varying rates of decline of sma |l fields production on average production from
Groningen and small fields in first 20 years, Basel  ine scenario (billion cubic metre per year)
Baseline High decline Low decline
Small-fields production 30.0 27.0 32.0
Groningen production 42.0 42.1 41.8

We see that slightly changing assumptions havenpadt on small-fields production but that
the Groningen production is hardly affected. OnEleopean scale, these differences are quite
small and do not change the picture of prices &wisfsignificantly.

Tax distortions

Finally, we explore the impact of varying distortioaused by taxes. In the determination of our
scenarios we assumed neutral taxes (such as Beows,tstate participation) (see text box
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‘Effect of taxes’). Actual tax systems include noadtral instruments, the distortion of which
may to a greater or lesser extent be mitigated égsures such as uplifts or accelerated
depreciation schemes. The actual distortions cafisegimes in various regions depend subtly
on the structure of tax regimes, and is beyondtiope of this study. However, to analyse the
robustness of our results, we investigate the seitgito a relative distortion that increases
perceived investment costs in the Netherlands cozdp@a other regions by 20% (i.e. 20%

higher investment costs).

Effect of taxes

In the determination of the scenarios we do not explicitly take into account differing tax regimes in the various gas-
producing countries. Taxation would have an impact on production decisions if it affects the profitability of marginal
fields. In particular in the presence of large differences between tax regimes, relative production levels between the
various producing regions would alter.

For North Sea producers, currently taxation mainly consists of a profit tax. Royalties, for instance, which are distortive as
they raise positive tax from zero profit projects, have generally been abandoned for offshore production. Profit taxes are
neutral if they are levied in fixed proportion of each project’s net cash flow in each period, giving a tax rebate when net
cash flows are negative. Such a tax is sometimes called a Brown tax. One way of approximating such a system is by
introducing government participation (as EBN does for Dutch gas fields), where the government bears a fixed part of the
costs, and receives the same proportion of revenues.

Corporation tax usually is not neutral as it defers remuneration of capital expenses according to the depreciation
schedule of the investment. Under such regimes, differences in tax rates do affect relative distortion between regions.
Measures to counteract the non-neutrality of corporation tax may be uplift allowances, which offer extra tax relief for
capital expenditures, tax deductibility of returns on equity analogous to the fiscal treatment of interest on debt capital, or
introduction of accelerated depreciation or ‘depreciation at will, DAW. The latter measure restores neutrality if
expenditures can immediately be fully deducted.

In Mulder et al (2004), DAW as implemented on the Dutch Continental Shelf was investigated. A disadvantage of that
mechanism, counterbalancing the benefit of reducing distortions, is the loss of tax revenues on inframarginal fields. This
loss was found to more than offset the advantage of increased production under current circumstances. It was
suggested to improve the design of the DAW to focus it more accurately on the marginal fields, in order to retain
neutrality without the foregone revenues on inframarginal projects.

In our scenarios, we implicitly assumed neutral tax regimes in the various regions. In reality a bias may be introduced by
distortive elements in the tax instrument mixes in the various regions, favouring capital expenditures in one region
compared to the other. To investigate the impact of such a potential bias on our conclusions, we conducted a sensitivity
analysis of the results to relative changes in capital costs. This is reported as a variant. Increasing (relative) capital costs
for Dutch gas production has low impact on the scenarios, while, though quantitatively affected, the conclusions of the

cost-benefit analysis remain unchanged.

The effect of this change on scenario resultsierfour scenarios (at 5% discount rate) is rather
small (see table 2.4). In particular, the impactlGroningen production schedule is largest

in the Competitive scenario, where average anmaealyztion declines by 0.5 bcm/year over

the first 20 years. For small fields productionedimds an effect of at most 2.4 bcm/year, again
in the Competitive scenario.
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Table 2.4 Effect on Dutch production of 20% increas  ed capital costs, in four scenarios (billion cubic

metre per year, over first 20 years)

Baseline Competition Sellers’ market High prices
Groningen -0.3 -0.5 -0.1 0.1
Small fields -1.4 -24 -0.3 -0.6

In the cost-benefit analysis of the cap on the @Gigen field, in chapter 4, we will also look

into the impact of the different assumptions ondlsgount rate, the LNG-price, infrastructure

availability and tax distortions.
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3.1

Welfare effects of the offtake guarantee
Introduction

It is claimed that the offtake guarantee enableallsiields producers to optimise the
production profile from a technical-economic padfitview without taking into account the
costs of adapting the production to standards ddeghby the market. In section 3.2, we
describe more extensively the arguments behindffteke guarantee and the related
coordinated pooling of differences in gas volumed qualities.

A cost of the offtake guarantee might be thatdiucees efficiency of production decisions. The
offtake contracts may not give operators the raidubals about the value of their production. In
addition, the contract may include favourable ctads subsidising small-fields production.
Section 3.3 explores the validity of these costs.

Another cost of the offtake guarantee might baégative impact on the liquidity of the
wholesale market. The guaranteed offtake of sretd gas makes it attractive for small-fields
operators to sell directly to Gasunie Trade & Sypahd makes them less inclined to
participate in the wholesale market directly. Thaistor may hamper the development of a
liquid wholesale market and its associated bendfthigs effect is analysed in section 3.4.

A benefit of the offtake guarantee could be its¢-e¢educing effect of coordinated pooling. In
order to assess this question we have to analyaewduld happen without this coordinated
pooling. In cost-benefit terms, how does the maoigetrate in the null-alternative case in which
these policy measures do not exist? As an altesn&di centralised pooling in one portfolio,
adjustment of quantity fluctuations can also belkes] in a decentralised manner through a
liquid market. In such a market, producers interdicectly or through intermediates, with each
other. Surpluses in production from one producercancelled against shortages of another by
trades among producers. In order to structure iddal gas production profiles from different
fields, short-term trade is necessary (e.g. ranfyjimg daily contracts to annual ones). Such a
mechanism for pooling production through markeditrg is operating, for instance, in the UK
gas market, in Norwegian gas production, and inymestructured electricity markets. Section
3.5 examines indications of transaction costs a@hsunarkets. In this section, we also analyse
experiences in the Dutch wholesale gas market.

Another benefit of the offtake guarantee may atiseugh an effect on market structure of the
small-fields contracts. If these long-term contsagither confer market power to Gasunie Trade
and Supply, or if pooling succeeds in effectivatpdinating pricing decisions, pooling may
have consequences for market power. Although swkehpower will normally decrease total
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welfare, the isolated effect on Dutch welfare maypbsitive due to the higher realised export
prices. Section 3.6 goes into this effect.

3.2 The arguments behind coordinated pooling

From the technical-economic point of view, the o production profile for a gas field is
determined by its physical characteristics. Thergidepletion profile of a field consists of an
initial phase in which gas output gradually incesgs plateau phase with a more or less
constant maximum production rate, and a final plisenhich production capacity gradually
falls off (as explained e.g. in AER, 2005). Duriihg whole depletion period, maintenance
activities and technical outages may cause short#teductions in production volume
generating a stronger volatility in the productmofile (see upper part of figure 3.1). This
profile, however, does not fit into the profile demded by wholesale traders. Wholesale trade
in gas in longer term contracts typically invohstauctured gas, i.e. quantities that are more or
less constant over the duration of the contraataRaroducer to sell his gas in such contracts

(with accompanying long term security), the irreguysroduction profile needs to be structured.

Figure 3.1 Production profiles per field and total portfolio
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While the deviation between a single field’s outpntl the structured gas flows traded in the
market may be large, the deviation between theeggge portfolio of all gas fields’ production
and such structured gas is likely to be much smalleis is a consequence of a pooling effect:
periods of lower production in one field are congsrd by higher production in other fields
(see lower part of figure 3.1). For this reasois a@rgued that bundling production by one buyer
establishes an important reduction of (structurcapts, compared to the sale of gas to different
buyers. In addition, a single-buyer may be expetrexpeed up contract negotiations. This is
one argument for the offtake guarantee as this vesthe obligation for offshore producers to
structure their gas flows individually.
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A second argument for pooling contracts within hla&ds of Gasunie Trade & Supply is related
to its control over the Groningen field (through éontracts with the field’s licensee, the
Groningen Maatschap). The low-cost flexibility pided by this field can be used to cheaply
adapt total production to changing demand: in paldi, backing down the Groningen field in
the low demand summer season allows the smalkfielghroduce at high load factor. This also
provides another argument for conserving the Ggenirfield: as the field is depleted, its

ability to act as a balancing field diminishes, aodts of balancing will increase. Conserving
the field and using that field for balancing purg®shence, reduces the balancing costs of
small-fields production (see further chapter 4tus &ffect of the cap on Groningen).

The argument that pooling reduces coordinationscosty also apply for gas quality, i.e. heat
content, but also presence of other gases sucasl@e gas transmission system can only
accommodate gas within certain quality bounds. f&am different fields may have qualities
that deviate from this range. Such gas can onlgdoepted if compensated by injections of
additional gas from other sources that offset tinality deviation. Again, cooperation is
necessary to achieve required coordination in gatity; bundling all contracts in one hand
gives a means to economically carry out such coatin.

Summarising, coordinated pooling reduces the dost@dapting both volume and quality of
small-fields gas to the requirements of the marRet.as these measures reduce the costs of
producing small-fields gas, these measures skfstipply curve to the right (in figure 3.2,
from Sto S’). Given a guaranteed offtake (depidig D in the figure), two effects emerge: a
rise in the producer surplus for all existing gads and an increase in the number of fields
taken into production.

The reduction in production costs resulting frororctinated pooling makes more small gas
fields profitable and, hence, raises the total sizemall-fields production. This effect on
volume can be enlarged by the existence of ecorsoafiscale. An extension of the
infrastructure could reduce marginal transportcasid, hence, increase the number of
profitable project which further raise the volunfesmall-fields production: the supply curve
shifts from S’ to S"%

% See also Adelman et al. (2002) who show that the improvement of the industry-specific infrastructure, such as pipelines,
shifted the supply curve of non-OPEC countries to the right.
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Figure 3.2 Impact of coordinated pooling on product ion
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3.3 Offtake guarantee may reduce efficiency of prod  uction

Generally, centralised coordination of productioreg lower incentives for efficiency than
coordination by a market which lets individual puodrs decide whether it is efficient to
change production. A cost of coordinated poolinghlmhbe that it hinders efficient responses to
market shortages by operators. How a market sygte@s signals to operators can be learnt
from the British experience. As UKOOA, the UK orggation of offshore operators, explains,
“Contracts between a producer and a shipper wilcally specify a minimum and a maximum
quantity of gas which may be nominated, i.e. caltedielivery, by the shipper day by day. It is
the producer’s responsibility to deliver the nontdéthquantity at the beach-head. Nominations
take place ahead of delivery, being confirmed endhy before, although as demand is not
exactly predictable in advance re-nomination isvadd during each day. This nominations
system is, therefore, crucial to the response adyeers to variations in demand.” (UKOOA,
2005). Consultant Lexecon econometrically demotedrthat price responsiveness of
production is significant, in a study commissiotgdCentrica in its case for the British
Competition Commission in its take-over of the Rogtprage facility.

However, it should not be concluded that such pesponsiveness of supply is in principle
incompatible with the Dutch centrally pooled medkan Also in the current situation in the
Netherlands, the offtake contracts specify so-ddlaily Contract Quantities (DCQ), that are
regularly updated, at the initiative of the produdée buyer of the gas typically has the right
to daily nominate gas within a bandwidth surrougdime DCQ, obligations are on the producer
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to deliver this nominated quantity (or face a pgnaf Larger bandwidth (and hence higher
flexibility for the buyer) translates into highesrtract prices. In principle, the single buyer of
Dutch gas could be able to feed through marketassgnto its nominations for gas. The case

for introducing competition in promoting efficieaff-take contracts is therefore not clear-cut.

Efficiency in centrally coordinated mechanismsassidered to be negatively affected by
reduced incentives for the individual agents. Tigeiment is made for instance in Wilson
(2002), where the author discusses the advantagedisadvantages of coordinated pooling in
electricity markets. If the central coordinator Wbhave perfect information on costs of solving
balancing problems (by producers, consumers orr atiagket operators), he could obviously
reach the first-best optimum solution. In the cahtd asymmetric information on costs,
however, small-fields producers, who are partialured against short-run fluctuations in gas
prices and who therefore do not face the real-bpmortunity costs of gas at each moment have
reduced incentives to respond optimally to shontehanges in market conditions. While these
producers may respond efficiently to the incentithed they do face, moral hazard results in a
loss of productive efficiency.

The advantage of decentralising balancing decisisribat balancing operations, and resulting
market clearing prices, can be contested by competioviders of gas flexibility. Producers
are exposed to real-time prices, and benefit frdapting optimally to these conditions. This
creates a drive towards more efficiency comparatidaentrally coordinated system whose
operations are isolated from competitive offers.

Another inefficiency may arise through the conditf the offtake guarantee which are
“reasonable” and against “market prices” (EZ, 2004ese conditions possibly create a cost if
the prices paid by Gasunie Trade & Supply do nity feflect the market value of potentially
generous conditions in the offtake contracts. Ty in particular result from pressure to also
accommodate gas of lower reliability or poor qyahtithout efficiently charging for the costs
these fields’ offtake imposes. Such prices woulttfion like subsidies encouraging production
of fields which would be unprofitable in a marké&tiation. Information about the prices paid
by Gasunie Trade & Supply, and the associated @cntonditions is not publicly available.
The fact that all small-fields producers offer thgas to Gasunie Trade & SuppPiwt least
suggests that the conditions must be satisfactotlyetse producers. So, the offtake guarantee
may include an implicit subsidy for small-fieldsopluction which may result in inefficient
production activities (in addition to transfer oalth from Gasunie Trade & Supply (and the
Dutch and the other shareholders) to the smati-fiebducers).

% |n addition there is an Annual Contract Quantity, which is the sum of DCQs. The buyer commits to a take-or-pay obligation
for this amount. Some quantity of gas may be transferred among years.

% Total small-fields production about equals total purchase of small-fields gas by Gasunie Trade & Supply (in 2004: 44.9
billon m3, see Gasunie, 2004).
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3.4

Such a subsidy, increasing total production beyffidient quantities, might find a rationale in
security of supply concerns (see section 4.5 foioee elaborate discussion on security of
supply). If market failures are such that riskgavkign imports are insufficiently reflected in
market prices, this would bias supplies of gas tawauch less reliable sources, which would
result in an inefficient mix of supplies. Since &nlgy) small fields may be considered more
reliable, and if market failures cannot be solvestardirectly, there could be merit in
subsidising production from these fields.

Concluding, the offtake of small-fields gas by q&yer, Gasunie Trade & Supply, implies
there is little scope for competition in contraituistures. This may impede incentives for
efficiency on small-fields operators. In particulathe presence of asymmetries of information
on short-run costs and constraints from individuatket participants, centralised pooling
without (contestable) marginal prices decrease=nitives on efficient operation. Furthermore,
the off-take conditions, in particular the pricesdofor small-field gas in relation to the allowed
flexibility of delivery, may include a subsidy compent which would encourage inefficient
production. Although total gas production mightraesed by this measure, the effect of welfare
would be negative due to the inefficiency of thedarction. However, this negative welfare
effect might be compensated by a benefit of reducgart dependence. Hence, such a subsidy
could be rationalised as a response to securisybly market failures.

Offtake guarantee may hinder liquidity of the w  holesale market

A liquid market gives a number of benefits to madayers, both at the supply and the
demand side. Apart from a loss in efficiency assult of a failure in adequate trading among
players, a lack of volume and depth of the whokesadrket is also likely to prove an entry
barrier for new players investing in the Dutch nedrkA liquid market lowers transaction costs
for new players in the market (e.g. entrants inrétail supply market) and facilitates entry of
independent investors in for instance LNG termifigiseducing potential hold up problems.
Liquidity of the gas market strongly decreasesaseet specificity and the ensuing need for
long-term contracts (see text box ‘Liquidity of thrarket and investments’).
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Liquidity of the market and investments

Assets in the gas market (such as LNG terminals, storage facilities, production) are of a long-lived nature. Market
parties, in their decision to invest, will only invest if the prospect of reaping the future rewards for these investments is
sufficiently certain. Risks may include both price and volume risks. Of particular concern is the danger of opportunistic
behaviour when large initial, relation-specific investments are involved (Williamson, 1979). After the investment has
been sunk, a buyer has the incentive to exploit its bargaining power to expropriate the resulting rents. Anticipating this,
the investor does not invest, or is 'held up’.

The standard answer to such hold-up problems is the use of long-term contracts, which indeed abound in the gas
industry. For Dutch gas producers, such contracts are mainly used to mitigate volume risk: contract prices are
renegotiated annually, with prices within the year being updated on the basis of price movements in baskets of traded
commodities. Most long-term contracts have some degree of price flexibility (see e.g. Creti and Villeneuve, 2003), or link
the price to some external benchmark (e.g. the UK NBP price).

Volume risk, or the risk that one’s output cannot be sold against market prices, is of particular concern if the number of
potential buyers is limited, which indeed make investments relation-specific. Liquidity of the gas market strongly
decreases this specificity and the ensuing need for long-term contracts. A liquid gas market by definition is able to
absorb gas sales at market prices. Quoting Newbery (2000) on the UK gas market, “In the past the lack of a competitive
market for gas has meant that gas development faced the same problems of opportunism as other capital-intensive
sunk investments tied to a single market, which they managed by signing long-term contracts. If there is a genuinely
competitive gas market with a sufficiently large number of buyers and sellers, [...] then these problems of opportunism
are reduced, and only commercial risks remain. Oil companies are familiar with these potential problems, and manage
them with rather shorter-lived contracts, futures, and by shifting the remaining risks onto their shareholders who can
hold diversified portfolios.”

The fact that liquid gas markets reduce investment risk (or risk of hold-up) is illustrated by the Ormen Lange project, a
multi-billion dollar investment connecting a Norwegian gas field to the UK market, as described by Stern and Honoré
(2004): “Many of these companies have said on many occasions that it would be impossible to invest in multi-billion
dollar projects without long term contracts. And yet, it is striking that although the project is under construction, no long
term contracts have been announced and Norsk Hydro has said that it does not intend to sign any such contracts for its
share of the gas. The only company which could use an existing contract is Statoil which has a contract with Centrica for
5 Bcmlyear for 10 years at NBP prices for delivery at that location. It appears that other sellers intend to develop a
portfolio of long, medium and short term sales and possibly also arbitrage between UK and Continental European gas
markets depending on price differentials.” Stern and Honoré cite the liquidity of the UK market as one of the
explanations. Similarly, Newbery (2000) describes the developments of the UK market in the period 1995-1998: “The
development of increasingly liquid spot and futures markets created a serious alternative to long-term contracts for
producers and suppliers [...]. Contract lengths shortened, producers were encouraged to release supplies, and prices
dropped [...].”

Liquidity of a market should not be confused withatility of prices. Liquidity refers to the
degree prices reflect shortages while volatilifiere to the movement of prices. Hence, a liquid
market can go together with large volatility, as baen the case in for instance the British gas
market. On the other hand, a high volatility maychased by a low liquidity, i.e. individual
transactions strongly impacting prices. While Ijty of a market encourages investments,
high volatility could hinder investments if shottrr price movements cannot be sufficiently
hedged, because of uncertainty about future rewatdslatter relationship will be dealt with in
chapter 4 on security of supply.
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The emergence of liquid markets may also changentitevzation for investment. Whereas in
the past, market parties would invest in e.g. gf@iia accordance with their needs to balance
their own supply portfolios, increased market lijtyi offers more opportunities to build
storage capacity for the purpose of trading, makisey of (shorter-term) fluctuations in supply
and demantf. This increases the focus on flexible short-tetonagie such as salt caverns.

It should not be concluded that competitive anditigmarkets will call forth more investments

in infrastructure than relatively non-liquid marketominated by incumbents. Indeed, one of the
goals of liberalisation was to avoid overinvestmiarihfrastructure. Dominant incumbent

parties typically do not face hold-up risks if thyemselves control the end-user markets and
can shift costs towards captive consumers. It deem true, however, that liquid markets, by
removing a barrier for entry, can attract a mokedie range of investors, introducing
investment competition that favours the more effitiinvestors.

Impact of offtake guarantee

In the pre-liberalisation era, the small-fieldsquoers represented, by and large, the complete
market, taking the internal coordination throughd @asunie Trade & Supply portfolio
sufficiently close to the optimum. After liberaligan, however, many more participants have
entered the market. These include large consuraach @s power generators), competing
suppliers to end users, gas companies from abnvadting in storage or LNG import facilities.
Efficient decision making among all these partioigarequires an efficient market to conclude
transactions. In particular, pooling quantity flugtions will be more efficient if also
fluctuations from the demand side, and from trattersng access to imports and storage
facilities are incorporated.

Another cost of the offtake guarantee may be atheganpact on the liquidity of the wholesale
market. As the offtake guarantee reduces participatf gas from producers in the developing
wholesale market, this development may be impeeéeduse of the existence of network
externalities (see e.g. Economides and Siow, 1988%. means that the benefits of having a
market is an increasing function of the numberlay@rs because the number of options for
carrying out efficient transactions grows as thmhbar of market players active in the market
increases. As individual trading parties in a maste not fully able to capture these benefits, a
market may therefore fail to develop.

Whether this effect is substantive is an empiripadstion. In the Netherlands, the active market
places for wholesale trade are mainly the Titlen§far Facility (TTF) and the Eurohub. The
TTF is a virtual market place which offers markketyers the opportunity to sell and buy gas

% For example, in NRC, January 2006, Nuon CEO van Halderen comments on his company’s investment in new salt cavern
capacity: “We mainly want to use our storage for daily trading”.
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3.5

3.5.1

which is already within the systethin this market, four gas quality categories carraded:
High quality (H), Low quality (L), Groningen quali{G) and Groningen plus quality (G+),
although so far H-gas trade strongly dominatedsTthie-trade. An investigation by DTe (2005)
into the development of Dutch gas markets showatitblumes and number of transactions in
high-cal gas grew significantly in recent yearse Thurn-factor, i.e. the ratio between traded
volume and physical transported volume, increasau fL..9 in 2003 to 2.6 in 2004, which is,
however, still low compared to for instance the tegge market place (about 5), or the NBP
(over 10). The number of registered TTF-tradersihereased from 12 in 2003 to more than 30
now which indicates low entry barriers on this nerik he relatively low spread between bid
and selling rates, compared to Zeebrugge and NRBfgjest that the TTF is already fairly liquid
(DTe, 2005).

The Eurohub, which is a market place at the junatibpipelines in the Emden / Oude
Statenzijl / Bunde aréj has low liquidity. The number of traders on thedhub has hardly
increased while the volume of trade is low wittham-ratio of 1 (in 2003) (DTe, 2005).

Actually, Eurohub appears to be a transportindifgénstead of a trading facility.

Although liquidity on the Dutch wholesale marketrisreasing, whether the offtake guarantees
will prove a significant obstacle to the marketal@ag maturity cannot yet be assessed.
Anyway, the offtake guarantee by Gasunie Trade gpButakes away the incentive for the
small-fields producers to participate in the whaleanarket, which limits the amount of gas to
be traded and the number of players in this makikiéile this would be of no consequence if
these players were the only market participantsvésby and large the case before market
liberalisation), in the current liberalised marketarket liquidity is required for efficient

coordination between producers, consumers and ptager.
Coordinated pooling may reduce transaction cost s

Introduction

A benefit of the offtake guarantee could be itg-¢educing effect of coordinated pooling. In
order to assess this question we have to analyaewduld happen without this coordinated
pooling. In cost-benefit terms, how does the maoigetrate in the null-alternative case in which
these policy measures do not exist? In order tawvanthat question, we analyse experiences in
the British gas market, the Norwegian system ofipgmf gas production, the Dutch electricity
market and, finally, the Dutch wholesale gas market

% See website of the TSO: http://www.gastransportservices.com/gastransport/en/2006/gastransportservices/ttf
* see http://www.eurohubservices.de/eurohub_home_hub.htm.
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3.5.2 The British gas market

In the UK gas market, producers sell their gas theowholesale markets through contracts with

shippers (see text box ‘The British gas market'@oroverview of arrangements). Fluctuations

in gas production for an individual producer afféw input into the gas transmission system by

the shipper that contracted the gas. Given thepehipdelivery commitments, this change in
input would cause the shipper to incur an imbalaiibe shipper therefore has to trade in the
market to resolve this imbalance, or, ultimatedyfdrced to trade with the system operator at
the system buy or sell price. Since this holdsafbshippers, imbalances in individual
production portfolios are pooled through markedliing.

The British gas market

The British gas market is the largest national gas market in Europe. UK gas production comes mainly from offshore
fields on the UK Continental Shelf (UKCS). Producers on the UKCS need shippers to deliver their gas into the onshore
gas transmission system. Shippers may include large consumers, supply companies, traders and producers. Shippers,
who transport their gas on the domestic gas system operated by National Grid Transco (NGT), are obliged to conform to
the Network Code. Important components of this Code are the balancing arrangements. Under these arrangements,
shippers have to balance their gas offtakes from the system and their inputs into the system over each day. Failure to
do so results in an obligatory balancing trade with the system operator NGT, who buys excess gas from shippers, and
sells gas to shippers who are short. The prices used for these balancing trades (the so-called System Buy Price and
System Sell Price) are related to the prices NGT itself pays for settling any remaining net system imbalance. Because
of the balancing obligations, shippers have an incentive to balance their projected offtakes and inputs themselves, by

trading with each other.

The UK Department of Trade and Industry (DTI, 2002) estimated that in 2001, 91% of all gas was produced by
companies who also had a shipper status, while companies producing 66% of the gas were active downstream as a
supplier. Non-shipper producers have several options to sell the gas: selling to larger producers that have equity stakes
in the same fields, selling to aggregators at the beach (this may be an independent shipper or one of the major
companies), or contracting an agent shipper to take the gas into the system for them. According to DTI (2002), the
second option was the most common one. Prices for the gas supplied to the aggregator are determined by the NBP

price, minus charges for bringing the gas into the system.

Liquidity and transaction costs

Efficiency of pooling fluctuations in gas outpubfn different producers depends on the

transaction costs of such trades among producerstappers. Transaction costs of trading out

imbalances in the wholesale market among markéicyants depend on the liquidity of this
market. In a highly illiquid market, it will be di€ult or impossible to find a counterparty to
deal with, and transaction costs will be high. Thauld for instance be reflected in high bid-
ask spreads, the difference in prices betweensftebuy or sell gas. In liquid markets,
counterparties and trades are more abundant, angetition between them drives the costs

down.
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The UK gas market is considered to be quite ligAglILEX (2004) note, in a report
commissioned by the offshore industry in the coyrithe UK, however, has a highly liquid
market ... with a retrading ratio (the number ofds a unit of gas is retraded before it is
delivered) of around 14.” ILEX concedes that thiesis been a slight drop in this number. DTe
(2005) also quotes evidence for liquidity on the g& market. The number of active shippers
(potential counterparties) is high, at 80. APX, tbenmercial exchange operating an on-the-
day-commodity market in the UK, where intraday asaded, notes that the number of trades
in July 2005 amounted to some 4,000, with a tradédme of around 8 TWh, or circa 0.8

bcm

Some indication of actual transaction costs ofitrgdmbalances in this market may be gained
from the size of bid-ask spreads in these markets: large is, on average, the discrepancy
between the mid-price point in a market and theepait which one may be able to strike a deal.
Estimations of the difference between buy andm#ées for 2004 in DTe(2005) show these to
average 3 to 6% over months in 2004, for day-aleeatracts. System operator NGT's average
difference between system-buy and system-sell poger 2004 equals slightly over 1 eurocent
per ni, indicating that the deviation from the systemrage price of a balancing trade with
NGT is on average around 0.5 eurocent perTthis may be viewed as an upper bound, as
trading with NGT will be the last resort for firms correct their imbalances. Global Insight
(2005) notes that for the spot market “bid-offeresquls are generally tight, around 0.1 p/tH&rm
although rising in conditions of high volatility,hich is to be expected. This is a healthy sign.”

Assuming these figures to give a fair estimatéhefttansaction costs of balancing short term
fluctuations in output in the gas market in the WKe may convert these costs into an average
over all produced gas. For instance, assuming {084 output of a field to be due to
unforeseen short-run fluctuations, the transaatmsts of pooling these fluctuations through the
market would amount to 0.005 to 0.05 eurocent papneduced. For comparison, current gas
prices are of the order of 15 to 30 eurocent per m

The NBP market is a volatile market. Short-termhitecal difficulties with producing fields or
other installations can have relatively large effean short-term prices. Producers that sold
their gas on longer-term contracts, facing diffimd in production, will have to make up their
deficit by buying against the (higher) spot maniete. Is this an additional cost of market
based pooling?

First let us notice that, especially under tighgteyn conditions, real social costs of loss of gas
may be significant: higher gas prices do refleghbr (social) costs of gas. To the extent spot

% APX press release August 2005.
% around 0.05 eurocent per m*
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gas prices do reflect these costs, passing the oadb producers gives the correct incentives.
Indeed, a central purchase system that would flettesuch costs, but instead socialise them
over the complete portfolio, would result in inscint investment in field reliability.

Second, upward price excursions are not only alpetwaproducers suffering an outage, but
also benefit the majority of producers not havingatage at that moment. This would be
expected to remain true even if these producerddasril all their gas in longer-term contracts,
and would not be directly exposed to this shomatgolatility. Spot prices are reflected through
arbitrage also in longer-term contract prices. Asb@l Insight (2005) notes

“Our investigations indicate that the UK gas maudke¢s indeed arbitrage highly efficiently. ...
Related but distinct markets and transactionalnfarsuch as the IPE, the OTC market , the On-
The-Day Commodity Market (OCM) all arbitrage eiiiotly. Forward prices converge with

spot prices as would be expected.”

Global Insight (2005) assessed whether spot potatility was indeed a genuine reflection of
market fundamentals, and concluded that at leaskiview of market participants this was the
case. “Anecdotally, it has been confirmed to ualbthe market participants we have talked to
that spot prices can ‘always be explained’, attleétsr the event, in terms of fundamental
factors.” In fact, confidence in spot prices appesaifficient that “at least one of the largest UK
producers comfortably sells all its substantialvmoé of gas not already committed under long-
term contracts, into the spot and month-ahead falwaarkets”.

The transaction costs of the trades per se arallnhiat should be considered. Additional costs
arise from the need for producers either to becsmgper themselves and operate a trading
desk managing fluctuations in output, or from tharges to be paid to intermediates (such as
aggregators or shippers acting as agents) takimgofahese market operations for them.

In practice, most gas from production wells is smhdong-term contracts. UKOOA(2004)
notes that “It is estimated that some 75% of treeggaduced is sold to wholesale buyers
(known as shippers) at beach-head terminals undgrterm contracts, with the balance being
sold under short-term arrangements.” As discusbete a large part of these contracts can be
with affiliated shippers or suppliers. The allooatbf the responsibility for, and the costs of,
balancing supply fluctuations will be arrangedtiegde contracts. Costs borne by the receiving
shipper will presumably be reflected in the corttraace. As mentioned in the box, in the UK,
the vast majority of gas is produced by firms whbas shipper, trader, or supplier themselves.
The costs of operating a trading desk for thesesfiis therefore pooled with other parts of the

gas supply chain.
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The large degree of vertical integration suggdsis dosts of gas sales can be decreased by
cooperatiort’

Whether the smaller proportion of independent pcedsiface higher costs partly depends on
the amount of competition between counterpartidigngito buy their gas in long-term
contracts, as this determines whether small praduw=m obtain competitive offers for such
contracts. UK industry and government are coopagati a joint task force to address potential
barriers of entry into the industry. Difficulties finding channels for selling output were not
addressed as an important concern. DTI(2002) nbé&tsince 2000 ten new licensees entered
the business who had no previous involvement in B8Keduction, indicating that costs of
selling gas into the market do not seem prohihitive

Pooling in the Norwegian gas market

In Norway, experience with the conversion from atcaised pooling mechanism towards a
decentralised trade system is more recent. UnfilL2@ll Norwegian gas sales were controlled
by the state through the Gas Negotiation Commitede), in which the individual operators
were represented. Under the system, contractsfes svere coordinated centrally, to ensure
adequate pooling of the production profiles of undiial fields. The flexible giant Troll field

acted as a balancing field. Under pressure fronfthhethis construction was abandoned in
2001, and from then on producers had to indiviguadintract with each other for the required
flexibility to balance their portfolios. In pract¢this may have meant that many producers kept
trading with one counterparty, state-controlled@ta

According to the Norwegian Ministry of Petroleundagnergy, the system of bilateral
negotiations does not pose significant difficulii@scompanies. Gas contracts in the Norwegian
system are typically concluded for the aggregatéfqm of each producer, which reduces
transaction costs. This is in line with the faattimterest for production and exploration
licenses from new companies has increased conbigiereer the ensuing years (MPE/NPD,
2005). Gas production in Norway is steeply incnegsind expected to increase further.

Pooling in the Dutch electricity industry

A similar mechanism of pooling through markets barobserved in the Dutch electricity
industry (and in many other restructured electriniarkets). Dutch electricity production used
to be coordinated by one joint company, SEP, timillate 1990s. Market restructuring led SEP
to be dissolved, and divided the responsibilitieslectricity production among individual
producers, with a system operator, TenneT, resplenfir overall system balance. A central
role in the market is played by the system of progne responsibility, whereby each group of

3 Around two-thirds of the producing companies in the UK is affiliated to downstream supply companies, reducing the need
to trade. As DTI (2002) concludes, “The arrangements which tend to concentrate the gas produced on the UKCS into the
hands of a few major producers seem to be driven largely by cost considerations. The services offered by larger producers
and agent shippers enable smaller producers to participate.”
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players (e.g. a generator, a trader, a supply capps required to individually balance his

production and consumption. The means for thesepdo individually balance is to trade

with each other, and as a result various tradiatf@ims have arisen (see e.g. van Damme
(2005) for a description of this process).

Efficiency of such trading depends on the transactiosts, which are related to the liquidity of
the market. Regulator DTe voiced some concernstheelevel of liquidity in its electricity
market surveys. Again, here, overly burdensomesgretion costs would lead to increased
vertical or horizontal integration. One does obsesgme trend to consolidation in the sector.
As an example, in August 2005, various smaller uppmpanies announced to team up into
one programme responsible party, citing as an aegtithe reduction of imbalance costs due to
pooling. In general, it is common for the many drgaherators (often industrial users who use
combined heat and power generators in their praglugtrocesses and generate excess
electricity as a by-product) to use energy compaageintermediates in their dealings with the
market (see Newberry et al., 2003). Transactiotscar® then reduced by having larger market
parties manage the portfolios. There is, in addjtemmpetition between energy companies for
the opportunity to manage these portfolios, inatgddy new entrants to the sector who offer

portfolio management services to small producedslarmge consumers.

As balancing requirements in the electricity indystre significantly stricter than in the gas
sector, the need for coordination is proportionghgater. It is remarkable that the transition
from a centrally coordinated pooling system to aketbased decentralised system in
restructured electricity markets went relativelyositily as far as maintaining short term system
integrity is concerned. The transition to the ngatesm has generated greater efficiency of plant
operation, as moral hazard related to the formemgand-and-control regime has been taken
away. Bushnell and Wolfram (2005), and Markiewétal. (2004) study technical efficiency
increases in restructured electricity markets.tRerNetherlands, there is anecdotal evidence

that producers react faster to e.g. outages imgimgnback equipment on line.

Pooling in the Dutch wholesale gas market

In the Netherlands, wholesale gas markets arertassre than either the UK gas market or the
Dutch electricity market. DTe published a considtaiocument on the development of the
wholesale market (DTe, 2005) and noted that inqadéar on the Dutch Title Transfer Facility,
liquidity is developing. Some industry observermswiT TF as currently the most liquid gas
market on the continent. However, it may be exgkttat at least initially, transaction costs
may be higher than in the UK. On the other handwégian experience, where transactions
occur mostly on a bilateral basis and no liquidtsparket exist, indicates that impact on
production may be minor. It will remain uncertaiomhtransaction costs will develop as more

gas would be sold through third parties.
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Figure 3.3
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Conditions in both the UK and the Norwegian sectoesdifferent from the Dutch Continental
Shelf: fields are considerably smaller in the Dutcka. The smallness of these fields may be
argued to provide more difficulties in portfolio negement. An incident in a larger field will
typically occur in one of many drill holes, and tbss of production may be compensated by an
increase from the other wells. For a smaller fieldthe other hand, there may be only one well
for the entire field, and no compensating actiom lsa taken within the field. However,
operators should be able to adjust production fotimer fields instead, and it seems more
appropriate to ask whether aggregate Dutch proglugtbrtfolios are significantly smaller than

in the neighbouring countries.

UK and Dutch 2004 offshore production, b vy field operator
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Figure 3.3 compares Dutch continental shelf pddfolith UK production, by field operator
(for the UK we only look at operators that areaein dry gas fields, but for these we analyse
total gas production, i.e. including associated.dass evident, firstly, that the number of
parties active as field operator on the UK Contiak8helf is higher (17) than on the Dutch CS
(8). Total UK offshore production equals roughlyeth times Dutch offshore production, and
the largest parties in the UK are significantlygkarthan the largest Dutch portfolios. On the
other hand, it turns out many companies succeegénating in the UKCS, that are comparable
in size to the smallest Dutch players. Apparenltg,size of typical Dutch player portfolio does
not prevent participation in a liquid market.

The comparison is based on assignment of gas topi@tor of each field, while one might
more appropriately compare equity shares per flaldeneral, EBN participates in fields (but
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does not operate), total equity of Dutch firmsoér. In the UK, however, also equity is
shared in most fields. As an example, operator BeN®r owns over 46.1% of equity of any of
the fields. In addition, some players do own equityt are not an operating party for any field.

In table 3.1 we compare production of gas baseelqoity shares for a selection of firms in the
UK and the Netherlands Continental Shelves. Weaggieture that confirms the analysis based
on operating shares. The four largest portfoliosl (fnerefore also the average sizes) are
significantly larger than those on the Dutch Costtital Shelf, with the exception of NAM. The

smaller portfolios are of comparable size to thécbu

Table 3.1 Gas production of selected firms onthe U K and Dutch Continental Shelf, 2004

United Kingdom The Netherlands

Name of company Gas production Name of company Gas production
(million cubic metres per day) (million cubic metres per day)

Exxon 34 NAM (offshore) 33

BG 33 Total 9

BP 33 Wintershall

Total 27 BP

ENI 11 PetroCanada 2

Perenco 9 Unocal 0.5%

Tullow 3

BHP 2

Venture 1

RWE-DEA 0.5

Note: a: data on the year 2000.

Source: company reports.

Coordinated pooling of quality variations

The resolution of quality fluctuations may be mdi#icult to achieve without direct
coordination between producers. Gas from smalidiehay enter the gas transmission system
(mainly the high calorific system) at circa tenqaa. Quality (heat content and other
components of the gas) has to be within systemd®anentry into the central system for GTS
to accept the gas. In general, therefore, achieajapgopriate quality from mixing production
from different fields requires coordination befdine entry point by the fields using the
particular offshore pipeline. Decrease or increag@oduction by one of the fields feeding into
the pipeline may cause the overall quality of thetane to change so much that al gas may
have to be refused access to the system. Curratracts for purchase of gas typically involve
clauses that allow buyers to refuse purchasing#isef the quality of the overall mixture
delivered at the entry point does not meet therachtspecifications. If at the entry point,

quality does not meet specifications, gas maylstilaccepted by GTS, subject to negotiation, if
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system security allows so. This might require systeordination of gas from different entry
points.

Central purchase of all gas by one party allowgHerrequired coordination to accommodate a
wide range of quality specifications. Currentlyteafunbundling of GTS from Gasunie Trade &
Supply, the presence of (foreign) suppliers ush@gdffshore infrastructure but not selling to
Gasunie Trade & Supply makes such coordination miffieult. Since coordination is mainly
necessary among users of the individual offshozeqs of infrastructure, a natural alternative to
coordination by a central buyer (Gasunie Trade gy would be bilateral negotiations
between pipeline users, possibly coordinated byfierator of that pipeline, which usually is a
joint venture of various offshore operators invalvin the absence of quality pooling over
different pipelines, there seems to be no particatlvantage to centralised coordination of
quality in a portfolio comprising fields feeding aver different trunk lines. Any quality
coordination of gas between different entry poretguires coordination with the system
operator GTS.

The wide range of gases accepted by 8T&Juces the benefit of coordinated pooling by €rad
& Supply: it is the responsibility of GTS to accomdate all gas meeting the entry point
specifications, and GTS seems to be in the be#igoto coordinate all flows within the
system, as observed above. In the current se@agunie Trade & Supply may efficiently carry
out such coordination and negotiation with GTS ehaif of the producers involved. In the
absence of pooling through Trade & Supply, the iregucoordination would involve direct
negotiations of those producers with GTS. This d@lbo require bilateral agreements with
other producers who deliver gas to the system guthlity characteristics offsetting those of the

off-spec gas.

It is unclear whether central coordination by aeotbarty than the system operator achieves a
more efficient offtake of gas of different qualgidn the UK, allegedly, a smaller range of gas
specifications (in terms of e.g. heat contentcisepted by the system operator than in the
Netherlands. This may lead to problems with tleedasing share of imports in the UK, which
involve gas not necessarily meeting these spetidita In itself, this is not directly related to
liberalisation, however. As ILEX (2005) note, “TH#ferences in the specifications around
Europe mainly stem from differences in the appleapopulation, themselves attributable to
historic factors - e.g. the age, size and matwfityne British domestic (household) gas market.”

Abandonment of centralised pooling in the UK, wheystem bounds may be tighter and more

coordination at entry point level is required, gavaixed view on quality coordination,

® As specified in GTS’ s Transmission Service Conditions.
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according to industry observers tH&reln some cases, British Gas, the monopolist,d;oul
using its command-and-control powers before libhgstibn, make use of blending of gas flows
from different sources to accommodate off-specagabkstill remain within system bounds. In
other instances, the monopoly position was allegeséd to the detriment of development of
small on-shore fields.

In summary, it remains unclear whether indeed eéptvoling through Trade & Supply
outperforms coordination of gas quality by the egsbperator or individual pipeline operators

in a decentralised market.

Conclusion

Pooling of quantity fluctuations between outpuvafious gas fields can be facilitated by the
central pooling, supported by the guaranteed déftak Gasunie Trade & Supply. We discussed
that pooling through liquid markets may be an akive to this centralised pooling. From the
UK gas market experience, we conclude that the tiégjree of liquidity of this market

indicates that transaction costs of trade may aat bignificant barrier to trading. In a review
on improving conditions for gas exploration anddurction on the UK Continental Shelf,

difficulty of structuring gas by smaller producevas not mentioned as a problem.

On the other hand, the relatively modest transaaasts do not necessarily mean that it is
efficient for each individual operator to structitseown production through the market, as it is
plausible that there exist certain economies dkséss pointed out, smaller operators in the
UK tend to pool their production either by sellirmg(larger) competitors, or to independent
aggregators. Other scale advantages may be actigweattical integration.

There may be (transaction) costs involved if marleee not sufficiently liquid. In the UK gas
market, transaction costs owing to low liquidity mim seem to be a major concern.
Consolidation in the sector does provide evidehaé économies of scale are present, but these
are solved by market mechanisms.

In the Dutch gas market, which is not well devetbget, transaction costs of pooling through a
market may be relatively higher initially. Thes@iadly higher transaction costs might consist
of increased lead times for exploration, developnaid production. These costs in case of
market pooling can be seen as transition costs fapiacing the coordinated mechanism by a
market mechanism. Whether these transition costddime compensated by lower levels of
transaction costs in the future is difficult to el®hine in advance. The Norwegian experience in
gas production and the Dutch experience in elégticoduction show, however, that a
transition from a centrally coordinated mechanisrmarket mechanism is not necessarily

% personal communication with David Cox of ILEX Energy Consulting, Oxford, UK.
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difficult to realise. In addition, comparison oktportfolio size of the operators on the British
and the Dutch Continental Shelf make clear thasthe of Dutch portfolios are on average
smaller. In the UK, however, many producers withikir sized operations appear fully able to

participate in the market.

Finally, it is unclear that the need for qualitymagement is a valid argument against a market
mechanism. Firstly, because management of thetgudlgas is mainly conducted before the
entry point making coordination of quality overfdifent trunk lines not relevant. Coordination
before the entry point could be performed by matkital negotiations by pipeline users.
Secondly, any additional need for quality managedraad coordination could be satisfied by
the transmission system operator, rather than btieshippers.

Coordinated pooling may create market power

Another benefit of the offtake guarantee mighthmt bundling production might increase the
scope for charging higher prices for Dutch gas petidn. Increased market power for
marketing Dutch gas would have an adverse effe@uoh consumers. However, given that a
large part of Dutch production is exported, thengaiDutch producer revenues (at the cost of

foreign consumers) may be expected to more thaweiotffiis effect.

Increased market power might result from two meddmas. One possibility might be that small
fields producers compete vigorously to supply te@ée T&S, but Gasunie T&S can
subsequently exercise market power in selling #eeas a result of its long-term purchasing
contracts with these producers. Another possihidityhat pooling by Gasunie T&S might
facilitate collusive behaviour among individual shfi¢lds producers. We subsequently discuss

these two mechanisms.

In general, a market player’s long-term contraeteehthe potential to affect his market power.
For a market player that sells part of his productin long-term contracts, the incentive to
behave strategically in the short term marketnstéd, since revenues on the contracted sales
cannot anymore be affected. The argument is maoleixn e.g. Allaz and Vila (1993), Green
(1999), and was studied empirically in an analgéislectricity markets by Bushnell et al.
(2005). For the purchase of contracts, the arguisahe reverse: buying gas long-term
enhances market power in the sales market. Maheh8alanie (2004) show that, buying
forward (rather than selling) commits a producesdba higher spot price in order to increase

the value of his position.

Typical contracts under the small-fields policy depletion contracts: a given gas field’s
production is sold under contract for the entife d¢if the field. However, this price is regularly
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(annually) recalculated and subject to renegotiatidlthough Gasunie T&S does purchase gas
long-term from small fields producers, changeshiorter-term market prices would presumably
be passed through to producers in these annuagtaton rounds.

Another mechanism for increased market power mapdecoordinated marketing of small
fields gas facilitates collective behaviour by drfialds producers, allowing them to jointly
command higher prices. The force of this argumemild’zdepend on the competitive forces
among small fields producers without such potemtigirdination, and on competition from
external gas sources that would make such behal@ssiattractive.

An indication of competitive forces among smalldeproducers can be gained from the shares
of various operators on the Dutch Continental Siselé also figure 3.3. There is a fair amount
of concentration, with the largest operator NAMrgeoperator for approximately one third of
the total off-shore volume.

To assess the competitive effect arising from adtons from international links, we now
recalculate the industry equilibrium in the Baselgtenario when production decisions for
small fields are coordinated to optimally exeraisgrket power, and compare it to a situation
with oligopolistic competition. The effects are givin table 3.2.

Table 3.2 Effects of coordinating small fields prod uction on Dutch welfare, in four scenarios (billion
Euros)

Baseline  Competitive  Sellers’ market High prices
Effect on producer surplus Groningen -03 -04 0.1 0.0
Effect on producer surplus small fields 0.3 0.3 0.0 0.0
Effect on consumer surplus Dutch low-quality consumers 0.1 0.3 -0.0 0.0
Effect on consumer surplus Dutch high- quality consumers -0.5 -0.3 -0.8 -0.3
Total -0.4 -0.1 -0.8 -0.2

Increased market power would lower production vaarslightly, in an attempt to raise prices.
There is a small effect on prices. When coordimgtimall-fields producers have more
incentive to reduce supplies to the Dutch highreatket (and drive up prices). They can
achieve this by increasing both exports and quabtyersion to the low-cal market. The latter
effect explains a pressure on prices on the lowrzaket in most scenarios, and hence lower
surplus for Groningen, and higher for Dutch low-cahsumers. We see that the aggregate of
the consumer and producer effects on Dutch weianegative in these scenarios: the loss to
Dutch consumers as a consequence of the risedespg higher than the gain of producers by
exporting higher-priced gas. Facilitating such cliration to increase (export) prices therefore
would not be in the interest of aggregate Dutclfavel
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4.2

Welfare effects of the cap on Groningen
Introduction

In order to analyse the welfare effects of a caooningen, we have first to assess its impact
on the production from this field in particular atté natural-gas market more generally. We
use the NATGAS model to see what the effects obisimmy a production cap on the Groningen
field will be on the European natural gas markedach of the scenarios described in chapter
2% What is the effect on prices, investments andofisefrastructure, international gas flows,

of this policy measure? Section 4.2 answers thasstmpns.

Section 4.3 goes into the costs of a ceiling ompctdon. These costs mainly consist of
postponement of revenues. The benefits of the naproningen are the subject of section 4.4.
These benefits consist of two types of effects:@aotn small-fields production and impact on

security of supply.
Effects of a cap on the European gas market

In estimating the effect of imposing a cap on Gngen production, one has to take into
account the fact that Groningen produces low-ca) gaich is consumed only in a relatively
small market! Apart from the direct consumption by a part of émel users in the Netherlands,
Germany, Belgium and Northern France, low-cal gasalso be marketed by mixing with high
calorific gas that has larger than average enesgyenit. Norwegian gas is an example of such
gas, and given the expected increase in Norweginorits, there is some scope for growth of

the low-cal gas market there.

A decrease in Groningen production, as a reswdta#p, would have to be compensated by an
increase from other sources, or an increase in denta the low-cal gas market, the most
important other sources are German production &fdd¢al gas that is quality converted into
low-cal gas. For the latter, there is currentlynaited capacity in the Netherlands, that is used at
a high utilisation rat&? Additional capacity is available in Germany. Otiere, higher inflow

of this converted gas into the low-cal gas systasna(result of the lower Groningen production)
would affect marginal prices there, and as a resrginal production or imports of high-cal
gas. On the short term, response from the higlmeaket (including the Dutch small fields)
would be limited as a result of the long-term salastracts already in place for a large share of
production. Some short-term supply response cauaecfrom LNG imports in the nearby

40 See zwart et al. (2006) for a description of the NATGAS model.
“! See Mulder et al. (2006) for a description of the characteristics of the natural gas market.
“2 See e.g. DTe 2004 for a discussion of current available Dutch quality conversion capacity.
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Figure 4.1

bemly

markets (e.g. Belgium and the UK), where LNG shipsild be increasingly diverted to, for
instance, the US, as prices would drop on the genti

Response from the high-cal market will increaser dinee as new projects will be developed. A
rise in high-cal prices will likely affect the hight long-term marginal cost projects relevant for
North-Western Europe. Under the assumption thasiB@osupplies to Europe are partly
politically driven (and therefore will not decregsand apart from LNG imports, the highest
marginal cost projects will be located mainly ie tHK and Norwegian regions.

Small-fields production is hardly impacted by loveeipplies to the low-cal gas system, as the
marginal costs of these fields are below thoséedé regions (see Bos et al, 2003). In addition,
the opportunity costs of Dutch offshore fields lnser than for e.g. marginal Norwegian fields.
This is partly the consequence of the aging oftwife infrastructure: the loss of value of
deferring Dutch small fields production is highlean that for other sources in less mature

areas.

Effects of a cap on Groningen on the nat  ural gas market, in four scenarios (first twenty ye  ars, in
bcm per year)

Baseline

Sellers' market .ﬁ;lpri:'s_‘

B Groningen Osmall fields O other production O demand response
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On the demand side, higher prices may result lightslecrease of consumption (perhaps
mainly by low-cal gas fuelled power stations), anotodating the reduced production; in the
longer run, lower gas production and higher privay reduce investments in gas fired power

plants, favouring other technologi®s.

In our scenarios, we assume that the operatoredBtioningen field is fully free to choose the
production path which maximises its profit. If tipwbduction path is above the path defined by
a cap (of 42.5 bcm per year), this policy measareses additional production of Groningen
when the cap is not binding anymore. As a reshdt,cap affects supplies of gas from other
sources. A temporary shortfall in Groningen proghuctriggers gas from e.g. imports or small
fields, or demand response through price incredseke later period when one enjoys the

prolonged life of the field the effect is in thepmsite direction.

Figure 4.1 shows the responses of Groningen itsedfDutch small-fields, other production
locations in Europe, as well as responses by coasurti an annual cap on Groningen of 42.5
bcm is imposed, the operator of this field hasettuce its activities in the first period of three
out of four scenarios. The competition scenarionghtihe largest impact on Groningen
production (on average 2.5 becm less annual progluati the first 20 years), while in the
Sellers-market scenario the cap has no effect. Sialals production is only slightly affected
by a cap in the other scenarios. In the Competii®nario, effects of the cap are largest. The
total effect on small-fields production amountsatoincrease of several bcm. The small effect
on small fields is related to the full utilisatiofthe infrastructure: prices are too low for
extension of the infrastructure but sufficientlghifor full utilisation of the infrastructure (see

also text box “Relationship between gas price andlisfields production”).

Relationship between gas price and small-fields pro  duction

Using a large database of geological prospects on the Dutch Continental Shelf, TNO-NITG analysed the impact of the
gas price on the economic viability of these prospects (cited in Mulder et al., 2004). The analysis investigates the effect
on total expected reserves for two levels of the oil price, 20 USD/bbl and 25 USD/bbl. These prices correspond to gas
prices of around 9 and 11 cents per cubic metre (depending on the dollar exchange rate). The effect reported by TNO
amounts to 65 billion cubic metres, i.e. with the lower oil price, 65 billion cubic metres of small fields gas become
uneconomic. This effect, however, is only based on a field-level analysis, not taking into account restrictions on
infrastructure level. If the infrastructure if fully utilised, high prices are needed to make additional production profitable.

Hence, the relationship between gas price and small-fields production is not linear.

43 Conversely, RWE CEO Roels (Energeia, 2005) argues that the recent higher gas prices will change the balance to
increased investment in coal fired plant.
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The effect of the cap on market prices is low. Tap has highest impact on the Dutch low-cal
market, but even there price effects in the Contipatscenario are restricted to at most 0.3
eurocent per f Average price effects over the initial twenty g the low-cal market are
given, per scenario in table 4.1

Table 4.1

Price effect

Price effects on Dutch low-cal gas market , average over first 20 years (eurocents perm )
Baseline Competition Sellers’ market High prices

0.03 0.07 0 0.07

4.3

4.3.1

43.2

Concluding, a cap on Groningen results in a mitange in the price on the European natural
gas market due to responses by other producerscarstimers. Effects on small-fields
production are generally small.

Costs of a cap on Groningen

Introduction

The costs of a cap on Groningen mainly consisiosfgoned revenues, but consumers may also
pay a price due to higher gas prices. We calctifeteosts in two ways. First, we use a few
assumptions to calculate the first-order effecttheffirst cost component, i.e. the effect of only
a change in production profile (section 4.3.2) eAftards, we use NATGAS to analyse the
welfare effects in each of our scenarios, takirig account, among other issues, the effect of a
cap on the gas price (section 4.3.3).

First-order calculation

Without using our gas market model, we can caleula¢ order of magnitude of the costs of
postponed production of Groningen, i.e. withouirigknto account effects of the cap on the
gas market and the prices. The costs equal thegehiarthe present value of all future net
revenues. These net revenues are the differeneedethe proceeds of the extra gas sales
(price times volume) and costs of producing gags€élcosts not only include the long-run
production costs of Groningen gas (estimated atratd cent per cubic metre by TNO (2003)
and IEA (1995), but also the opportunity costs eisded to the loss of option value of
Groningen’s swing capabilities as a result of iasel production (see Box). In De Joode and
Mulder (2004), these were estimated at around &qear cubic metre.

The cost of postponed production primarily depesrs number of assumptions, i.e. the

impact of the cap on gas production, the gas nckthe discount rate. Table 4.2 presents the
results of calculations using different assumptiegarding the impact of the cap on annual gas
production and different future gas prices, while tliscount rate used is 5% in all these cases.
We compare the net present value of (net) reveofu@soningen production under a constant
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production equal to the cap (of 42.5 bcm per yewith those resulting from a higher (constant)
output rate. In the latter case, annual revenuesiily years are proportionally higher, but the
field is depleted sooner.

We compute this for several assumed price levdis.l@dwest price level in the table (0.10
Eur/m3) roughly corresponds to the cost of brindihg> to the European market (see OME,
2004), and might be considered as the long-rurepm@er competitive conditions on the global
energy markets. The highest price in the table)(@2r/m3) is comparable to current prices for
gas in continental Europe, which are set on theslmurrent high oil prices. Clearly, higher
prices mean higher revenues and a larger preskr gfect of the cap, all other things equal.

The option value of the Groningen field

The value of the flexibility capability of the Groningen field can be assessed by using the real-options approach. This
approach, which originates from finance theory, is a significant improvement of the discounted cash flow analysis that is
a traditional tool in valuation procedures. The added value of the real-options approach is that it (1) acknowledges the
fact that (most) investments are (at least partially) irreversible, (2) investments can be deferred (with more information
becoming available in due time), and (3) future outcomes surrounding the investment are highly uncertain.

The potential applications of the real options approach are manifold. Paddock, Siegel and Smith (1988), for instance,
apply the option value technique to estimate the value of an offshore petroleum lease and find that it provides a good
guide for the optimal timing of development. Conrad (1996) and Reed (1992) both deal with the decision whether to
harvest an old-growth forest or not. They construct an investment rule in the face of uncertain benefits (wood prices)
and uncertain costs (foregone amenity flows). Burda (1995) uses option theory to analyse the issue of migration. In the
face of positive option value, migration is less than computed under standard present value terms. Emery and McKenzie
(1996) use the option value approach to evaluate the subsidy of a transcontinental railway in Canada. Chaton and
Doucet (1999) use the real option approach to incorporate the effect of uncertainty in both input and output prices to
assess the investment in generation capacity.

The characteristics of the depletion decision regarding Groningen gas satisfy the conditions for using the real-options
approach. Firstly, the investment is 100% irreversible: once a cubic meter of gas is produced, it cannot be injected back
into the reservoir. Secondly, at each future moment of time the owner of the Groningen field is able to interrupt
extraction in order to wait for more favourable (price) conditions. Thirdly, the price at which either base load gas or
'swing gas' is sold is uncertain, but tomorrow's gas price is far less uncertain then the gas price a year from now.
Applying the real-options approach, De Joode and Mulder (2004) find a value of the flexibility capacity of the Groningen
of 0.021 Eur/m? in their base case. This value strongly depends on the volatility of demand: the higher the volatility, the
higher the value of swing. The lower and upper bounds of the estimates of the option value of swing are 0.01 and 0.03

Eur/m®, respectively.
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Table 4.2

First-order calculation of present value of postponing Groningen net revenues, using differ ent
assumptions about impact of cap on production (bill ion euro; discount rate = 5%)

Excess production over 42.5 bcm cap Average price Average price Average price

5 bem / year

0.10 Eur/m3 0.15 Eur/m3 0.20 Eur/m3

2.3 4.0 5.7

10 bem / year 4.4 7.5 10.7
15 bem / year 6.2 10.6 15.0
20 bem / year 7.7 13.3 18.8

43.3

If the cap reduces annual gas production (durieditkt period) by 5 bcm, the present value of
the direct costs is 2.3 billion Euro if the averdgiire gas price is 0.10 euro pet. iifi the gas
price is twice as high, i.e. 0.20 euro pér the costs amount to 5.7 billion euro. The higher
impact of the cap on annual gas production, thhdrigof course, the costs. This effect is,
however, degressive as a higher annual productiortens the period of production as the size

of the total reserves of Groningen is fixed.

Model analysis

This preliminary calculation does not reveal hovgéathe direct effect of removing the cap is:

if the cap turns out to be non-binding in practitere is obviously no effect (and no benefits
either). If the cap is effective and binds, one raagect present value effects of the order of
several billions of Euros. In addition, the abowalgsis does not include an effect of the cap on
gas prices. Using the NATGAS results presentetieérfarmer section, we are able to calculate
the costs of the cap in each scenario and forrdiftediscount rates (see table 4.3, 4.4 and 4.5).

Table 4.3

Direct costs of an annual cap of 42.5 bcm  on Groningen in four scenarios (present value in
million euro; discount rate = 3%)

Baseline Competition Sellers’ market High prices

Change in average annual production during first 20 years

(in bcm) 0 -0.47 0 0
Loss of producer surplus Groningen 0 -45 0 0
Loss of consumer surplus Dutch low-quality consumers 0 -110 0 0
Loss of consumer surplus Dutch high-quality consumers 0 -15 0 0
Total 0 - 170 0 0
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Table 4.4 Direct costs of an annual cap of 42.5 bcm  on Groningen in four scenarios (present value in
million euro; discount rate = 5%)

Baseline Competition Sellers’ market High prices

Change in average annual production during first 20 years

(in bcm) -0.8 -25 0 -0.6
Loss of producer surplus Groningen - 360 - 540 0 -30
Loss of consumer surplus Dutch low-quality consumers -120 - 380 0 - 240
Loss of consumer surplus Dutch high-quality consumers -20 -55 0 -10
Total - 500 - 975 0 - 280
Table 4.5 Direct costs of an annual cap of 42.5 bcm  on Groningen in four scenarios (present value in

million euro; discount rate = 7%)
Baseline Competition Sellers’ market High prices

Change in average annual production during first 20 years

(in bcm) -23 -5.0 0 -28
Loss of producer surplus Groningen -590 -1700 0 -715
Loss of consumer surplus Dutch low-quality consumers -735 - 765 0 -1050
Loss of consumer surplus Dutch high-quality consumers -200 -190 0 -210
Total - 1525 - 2655 0 - 1975

We observe that the present value of the lossaxfyarer surplus of Groningen production
range from 0 to 1.7 billion euro, depending onithpact of the cap on production and the
discount rate. In the Seller's market scenario ctifg has no effect and so, does not cause any
costs. In the Competition-scenario, the discourtdde of postponed revenues is 0.5 billion
euro (5% discount rate). These costs are significémwer than calculated above in the first-
order calculation which is due to the impact of the on prices and, hence, the inframarginal
profits. In other words: the costs of postponedipation are partly compensated by higher

profits on the remaining production.

Apart from the effect on the producer surplus fl@noningen production, an additional cost
arises through the impact on prices for gas fosuaorers. The largest effects occur in the low-
calorific gas market, the quality that is produtgdhe Groningen field. A reduced supply from
Groningen raises the price (because more costhceswf low-cal gas have to be used)

resulting in a loss of consumer surplus.

In addition there is an effect on the high-cal nerkvhich is, however, very small or
negligible. The relatively low effect on these comer prices is due to the long-term flexible
supply on European level. A rise in Dutch pricesildaesult in additional gas flows from in
particular Norway and LNG sources.
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4.4

441

4.4.2

The total costs of the cap on Groningen range frero in the Sellers-market scenario to 2.7
billion euro in the Competition scenario.

These results also show that the choice of theoditticrate significantly affect the costs of the
cap on Groningen. As it will also affect the magdg of the benefits, the question remains
whether the final conclusion depend on the discoatet In the next chapter, we will see that is
not the case.

Benefits for small-fields production

Introduction

A cap on Groningen might affect conditions for srfi@lds production in different ways. If a
cap raises gas prices, the producer surplus oé tiedds increases (section 4.4.2). In addition, a
cap on Groningen might give additional benefitteinms of balancing (section 4.4.3).

Higher prices

A cap on Groningen increases wholesale pricestamte, raises options for small-fields
producers to increase their production. Table &égthe assessment of the additional
producer surplus of small-fields gas owing to thischanism. The direct effect on small fields
production is likely to be low, firstly becauseaage part is already contracted under long term
contracts, and secondly, as explained above, highstrsources will react first. Only in the
Competition scenario, the supply from small figlilsreases markedly (see figure 4.1),
resulting in additional producer surplus of 145limil euro (5% discount rate). Changing the
discount rate results in other effects on the comsisurplus.

Table 4.6

Benefit of an annual cap of 42.5 bcmon G roningen for small-fields production in four scenar ios,
using different discount rates (present value in mi llion euro)

Baseline Competition Sellers’ market High prices

Additional producer surplus small fields

- discount rate = 3% 0 15 0 0
- discount rate = 5% 35 145 0 35
- discount rate = 7% 305 330 0 345
443 The use of Groningen as a balancing field

A cap on Groningen may also affect its role asrmafay field for small fields. This balancing
function mainly consists of the enormous seasomilgin production from the Groningen
field, with June production at only 10% of prodoctin winter months in 2004 (see figure 4.2).
In this way, small fields can produce at a rougidpstant rate, although small-fields
production does show some flexibility. The surpdfigmainly high-calorific) gas in the summer
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Figure 4.2
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is converted into low-calorific gas in order toweeto low-calorific market while Groningen
output is reduced in this period.

Groningen production 2004 by month, inm illion cubic metres
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Source: EZ (2004)

In order to determine the impact of the cap onthlisncing function of Groningen, we need to
answer two questions. Firstly, what is the relathip between the cap and the swing in
Groningen production and, hence, the accommodafiesmall-fields volumes? Secondly, will
the operator of Groningen, in its production dexisi take into account the value of future

provision of balancing services?

Relationship between cap and swing

As noted, we observe today that, in the presentieeotap, the Groningen field produces at an
enormous swing. This is consistent with optimaléxébur by the producer. Profit optimisation
implies that in those periods of the year wheralpation is not at its (technical) maximum
level, production will be chosen such that pricesequaliself. Since the residual demand for
Groningen gas at constant prices fluctuates in tiitke the demand for gas (in particular since
most other sources of gas are relatively infleyiliatal Groningen output shows its typical
swing when production is not at the technical maximIn the days where production is
maximal, prices exceed this level value, with thighbst prices occurring on days where

4 Under profit optimisation, this price level equals the marginal cost of production, plus the shadow price of the cap, plus the
opportunity cost of gas associated to the finiteness of the reserves in the field. See appendix A for a formal analysis of this
mechanism.
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residual demand for Groningen is at its highest ieak winter days). Prices under these
conditions are set by peak sources of gas (sutN@&sor other short-term storage, or demand
response). In (investment) equilibrium, the avenagee in excess of the level price during
most of the year would equal (annualised) mardora-run investment costs for the field.

What changes occur in this picture when the céifiesl? In those periods where production is
not at its maximum, profit maximisation will stitad to level prices, which may be at a slightly
lower level as a result of increased output. Ok period, output will be higher than with the
cap, but will still equal residual demand, whichctiuates with total demand as it did under the
cap. Over the period that production is not atrigsximum, the swing in Groningen production
will therefore remain the same as under the cajmeedout at a higher output level.

Obviously, if total maximum technical capacity ransaunchanged, this would lead to a
smaller swing in terms of difference between lowsatmmer) and highest (winter) output
level. In the extreme case, a sufficient increageroduction without an increase in the
maximum production capacity would result in thessemal ‘troughs’ in production being filled
up, tending to a more constant overall productevel. However, this situation would not be an

investment equilibrium.

In investment equilibrium, average price in exoafsthe (off-peak) level price should equal
marginal investment cost. Since the level off-ppa&e would be expected to drop (slightly) as
a result of increased output, and since pricekarhtghest price hours continue to be set by the
marginal costs of alternative technologies (whiomdt change), we must have that total
equilibrium capacity will be higher. Without thep;a profit maximising firm increases
investment, i.e. will sooner invest in capacity rgate than without the cap, to achieve a higher
average maximum output capacity.

As maximum capacity of Groningen increases, tHd fill produce at its maximum during a
shorter period over the year. As a result, altévadechnologies will be called upon on fewer
occasions. Initially, therefore, the highest maadjirost sources of gas (presumably demand
response) will be crowded out. In the longer teowéver, since this will lead to lower peak
prices, peak production facilities will not recovkeir fixed costs. The new investment
equilibrium therefore involves reduced investmenthie highest fixed cost peak-technologies.

We conclude that removal of the cap leads to higherstment in Groningen capacity, with

higher resulting annual swing. The other way rqumgosing a cap affects the level of swing
offered, but does not fundamentally change theabl@roningen as a balancing field.
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Future balancing

Another impact of the cap might be that it length#hre period of swing supply. After all, due
to its depletion, Groningen’s capability to offevisg is declining. Although full depletion of
Groningen will take several decades, the capahditserve as a (major) swing supplier ceases
much earlier. The ability to act as a swing supgliEpends on several geological characteristics
of the field, among which the pressure. It is a tdyhysics that pressure within a field
decreases as the quantity of gas diminishes. Tiligyab supply swing depends partly on the
difference between the pressure in a field angthesure in the transport netwdPK his
relationship between depletion and pressure imgiiasthe swing capability decreases
gradually. When the pressure in the Groningen figldroaches the pressure of the transport
network, the swing capability will become negligiblinless additional investments in
compression are made such as the recently startedr@en Long-Term Projeét.Another
measure to manage the swing capability of the Ggeni field is reducing the production, i.e.

conservation.

The central question we have to address here ithethprivate decisions of the operator of the
Groningen field take into account the future vadfithe balancing function. If not, there would
be merit in the argument that the speed of depietiould be inefficiently high and production
should be capped for this reason.

The value of (future) balancing services may beeetgrl to be captured by the provider of
these services when offered on the market. Balgrg#s will be supplied into the system as a
response to temporary shortages, reflected in pides on the short-term market. The value of
being able to supply under these conditions cainteepreted as an option value, where the
supplier sells whenever prices rise above a cevilire, as discussed in De Joode and Mulder
(2004).

In its depletion policy, the operator of the fidlds an incentive to take into account the effect
on the field's option value, provided prices in tharket are allowed to be set freely reflecting
temporary scarcity conditions. Failure of the stiertn markets to adequately represent scarcity
will affect decisions on depletion. This issue iscdssed in the next chapter on security of
supply. The solution to such problems, if they vabotcur, would lie primarily in repairing

potential errors in design of the market.

Another possibility would be that the field's ogeracannot capture the option value because

his remuneration is not market conformal. Suchwatibn could occur if the operator would be

4 uif the pressure in the Groningen field becomes smaller than the pressure in the pipeline system, pouring gas in a ‘natural
way’ (i.e. without instalment of compression units) through the system becomes impossible” (Peeters, et al., 2002, p. 38).
6 “Through this latest program of compression installation, Groningen, which is already the heart of the Dutch circulation
system for primary energy, will be given a new lease of life.”(Roels, 1999).
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4.5

45.1

required to provide flexibility services at too l@charge, for instance because the price paid
for accommodating small-field gas would be underftil market value of such services. In
this situation small-field operators would effeediy be subsidised by acquiring flexibility
services at too low a cost. It is not clear whetheris the case (see chapter 3).

Internalisation of the problem of accommodatinghhigad factor gas from small fields is even
more direct (and does not rely on a market priceharism) for the production directly
contracted by Gasunie Trade & Supply, which congsrimost of that production (due to the
offtake guarantee currently). In that case, Gastliraele & Supply itself has to make the
commercial decision whether or not to use Gronirfiggdibility to accommodate those volumes
in summer months, or to use other means of flagiibuch as exporting the gas).

Another option for internalising the flexibility e of the Groningen field is organising a
tender as suggested by The General Energy CoteR(2005). In that way the true value of
such flexibility would become more clearly apparéntthis respect it may be remarked that the
Council regards the market for flexibility to beffsztiently competitive, given the abundance of
storage facilities in the immediate vicinity of tNetherlands.

Concluding on this issue, if the owner of the Gngain field is able to capture the benefits of
its flexibility capabilities, efficient decisionsilwvbe taken regarding the use of this field in
balancing offshore gas production. Hence, impoaicgp does not generate additional benefits

in the market for flexibility.
Benefits for security of supply

Introduction

Concerns about security of supply are often seenmasjor reason for government involvement
in energy markets. Although evidence is scarce timawkets failing to internalise risks of
disturbance, a few markets failures may e¥ismperfect designs of markets and uncertainty
about government policies in case of disturbandgbtnesult in non-optimal decisions, such as
insufficient investments in flexibility and too Hidevels of consumption. A factor affecting
profitability of investments in flexibility is priate parties’ assessments of low-probability-high-
impact events and their valuation of credit risktHe case of large-impact events, the resulting
financial transfers may be large and firms mayerdefaulting on their obligations in stead of
guaranteeing full security of supply. In sectioh.2, we analyse whether capping Groningen
might be viewed as an efficient response to suglerfection.

4" See also Mulder et al., 2006, for a more extensive analysis of market responses to security-of-supply risks.
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45.2

In addition, markets may not fully internalise ihgact of energy use on political vulnerability
owing to increased dependence on a limited numbexporting countries. Conserving the
Groningen field might be an efficient measure tmpensate for this market failure. In case of
tight market conditions resulting from, for instana supply disruption or an extremely high
demand caused by a severely cold winter, Groniggsrwill be available for the Netherlands
to prevent expensive imports. In that case, ascoBithe gas market merely results in
distribution effects, i.e. from consumers to thenewof the Groningen field. Providing future
countervailing power is an additional argumentdonserving gas. The argument for
countervailing power concerns the possibility ofrked power from external suppliers in the
future (e.g. a future GASPEC). Section 4.5.3 amayhe efficiency of both uses of Groningen.

Benefits for reliability of gas supply

The flexibility of the Groningen field enablesdt &ct as a short term back-up to make up for
potential temporary supply or demand fluctuatidngosing a cap on this field could extend
this flexibility to a longer period of tim& As a result of such immediately available addiion
supplies from the Groningen field, in periods odlden disruptions, either price fluctuations are
dampened, or forced disconnections are avoidedothr. The extension of the period during
which Groningen performs this back-up function irplthat investment in alternative back-up
functions to meet short-run supply problems, edglittonal short-term storage, can be delayed.
Hence, the benefit of this measure consists ofppostment of the investments in these

alternatives.

First, we have to analyse the impact of the preseha back-up facility like Groningen on the
behaviour of other market operators. Private irssih e.g. storage capacity or disconnection
contracts with industry rely on periods of highgas for obtaining remuneration for their
investmentd? If, in periods of high gas prices, additional Grayen gas is injected into the
market to keep prices within bounds, the attractas of such alternative investments will
decrease, and the level of peak flexibility supplg the market will be lower. This effect is
known ascrowding out As a result of the ensuing drop in private inwestt, the necessity of
the back-up would turn into a self-fulfilling propty.

The effectiveness of the back-up facility by Grag@n gas, therefore, depends on the conditions
under which the facility is used. If Groningen iseady used at minor price rises, the crowding
out effect will be larger, and the net additiorakibility will be lower, while if the back-up gas

is only used under extreme events, the effect bargiarties’ investments is low. A similar
problem was analysed in Lijesen and Zwart (20G%)tHe case of the Dutch electricity

8 Note that this back-up function is restricted to the period in which Groningen is not producing at maximum capacity, which
is the case typically in December and January.

“9 For example, an electricity producer investing in technology to switch fuels in case of high gas prices will only do so if gas
prices can rise sufficiently to make this switching capacity sufficiently valuable.
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market® Like the case of the electricity market, we nowsase that the back-up facility
provided by the Groningen field is only used in egeacy situations to avoid forced
disconnection of consumers. In this case, provjuézks are set to high levels in these
circumstances, the effect on market based invedtmies the crowding-out, is low.

In order to determine the effectiveness of cap@ngningen on reliability of supply, we first
define the type of crisis the back-up facility slibbne expected to ward off (see also De Joode
et al., 2004). Then we analyse the benefits thatlmaderived from the policy measure of
capping the Groningen field. In the analysis, wgleet the fact that during a limited period of
the year additional capacity from Groningen woubd lpe available because the field would be
operating at maximum output already.

The crisis that is addressed could occur as a gorsee of extreme demand conditions, or
severe disruptions of supply to the NetherlandiseBmay be expected to rise under these
conditions, firstly provoking maximum output fromisting suppliers and storage to meet
demand, and potential interruption of gas demanlduye industry or power companies
(switching to other fuels). However, for sufficignsevere crises, the system operator might
have to revert to (involuntary) emergency interiupof parts of the grid, to balance the
system. We define the crisis as an instance intwtiizing 1 day a shortage of 20 million cubic
metres per day can only be resolved by cuttingeth smaller consumers. This quantity
corresponds to around 10% of average January deihand*

The benefits from being able to avert this crigisraking up the shortage through increased
Groningen production can be expressed as the abte cheapest alternative option. One
alternative is in fact cutting off these consumaersere the cost (damage) would equal the value
of lost load for these consumers. In this case haseto take into account that additional
damage would arise during the prolonged time, magveral days, required to reconnect the
consumers. An alternative, which we explore hisrvesting in (additional) back-up storage

to be used only in these emergencies.

Back-up storage as a safety net to be used omlgsa of imminent disconnection of small
consumers can be provided only by storage fadlhi@ving a sufficiently high short-term send-

% |n 2004, the Dutch Ministry of Economic Affairs decided that the system operator should contract for reserves to form a
‘safety net’, to mitigate possible negative effects in case of insufficient investments. The design of the instrument was
chosen to have minimal impact on normal market functioning, in order to avoid distortion of the electricity market. The
contracted capacity will only be employed as a last resort before forced disconnections of consumers, allowing market prices
to rise freely to remunerate private investment in peak capacity.

*! Note that such a crisis might only occur if flexibility offered by the private parties is unable to deal with the extreme market
conditions. Hence, such a crisis can be viewed to have a low probability. An additional LNG-storage of 20 bcm can therefore
be viewed as a pretty high level of security. However, as the costs of this facility are relatively low, the precise definition of
the crisis does not affect our final conclusions.
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out capacity. Natural options are LNG storage cip&which GTS at present in fact uses for
balancing the system under extreme circumstancestpmage in salt caverns. Compared to
storage in e.g. depleted gas fields, these ophiawme significantly lower costs as a function of
send-out capacity’

For providing short-term (one-day) back-up to awtigstonnection, LNG storage is most
appropriate. Using an estimated range of annuatiapital costs for such facilities of around
1.1 Euro per riiday deliverability at a discount rate of 5% (afighgly higher and lower at 7%
and 3%, respectively), the annualised costs ofigiay back-up for the required one-day crisis
amounts to a capital cost of circa 22 million Epsy year.

We assume that the investment in these alternfi¢ixibility options occurs after the

Groningen field’s depletion has progressed sohar it cannot anymore provide the required
flexibility. The exact moment is hard to predics;ia de Joode et al (2004) we assume this to
occur when Groningen reserves have dropped to d@0 Bhe benefit of capping Groningen is
to push this moment further into the future, byesal’years, depending on the scenario. In
these years, one avoids the annualised costs bhttleup storage facility. The present value of
the benefit therefore depends on the number ofybarinvestment is postponed, as well as on
the moment when the storage is to be built (becafidescounting). We assume a time-to-build
of five years.

Calculating the first-order effects, as we diddhle 4.1, we compute the benefits as a function
of the excess of Groningen production above the(sap table 4.7). As an example, if the
annual production without the cap would equal 5@ fthe third column), while with the cap
annual production equals 42.5 bcm, then with thetha critical level for flexibility will be
reached only after 17 years, while under annuadystion of 50 bcm this would occur in year
14. The back-up facility has to bridge the threargeand as a result of the five-year lead time,
average costs for this facility would be incurredof year nine. Using a 5% discount rate, the
benefits amount to 43 million euro in this example.

Table 4.7 First-order calculation of benefits of po  stponing costs of back-up, using different assumpti ons
about level of Groningen production (million euro; discount rate = 5%)

Groningen production level without cap (bcm) 45 50 55 60

Year when investment needed 16 14 13 12

Number of years to be bridged 1 3 4 5

Benefits 13 43 60 78

%2 |nformation on capital costs for such facilities is presented in Bos et al. (2003) (for caverns), as well as in CIEP (2005)
(also for LNG).
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Strictly speaking we should have included the coktsuying the gas and injecting it into the
storage after it has been (partially) depletedhieimergency. On the other hand, there will be
revenues when the storage is used, as the ganisdifd to shippers incurring the imbalance
causing the system emergency. As in such emergesas, prices will have increased to high
levels, we may assume that these revenues shoale (ftran) compensate the commodity

costs.

We can also relate the results to the scenariodet®rmining per scenario the year when
Groningen volume drops below 400 bcm, both with aittlout the cap (and carrying out the
computation as above). This gives the number ofsyeat the investment in LNG storage
would be postponed by implementing the cap.

Table 4.8 Benefits of postponing costs of back-up ( million Euro), per scenario and different discount

rates
Scenario Baseline Competition Sellers’ market High prices
Discount rate = 3% 0 5 0 0
Discount rate = 5% 12 34 0 10
Discount rate = 7% 19 37 0 22

4.5.3

Note that since the availability of Groningen woblkllower than that of the storage facility (no
availability during the highest demand periodsg, &fbove computations overstate the value of
short-run reliability provided by Groningen. Hentee benefits for reliability of supply of
capping Groningen likely are below 100 million e(see table 4.8}

Benefits for security of gas supply

As Dutch gas reserves dwindle over the next degaldedNetherlands will turn into a net
importer. In this situation, the economy will berieasingly vulnerable to gas price rises:
whereas currently higher prices are compensatetsing revenues from gas production, higher
future prices lead directly to payments to foresgppliers. Higher prices or even price crises
might be incidental, for instance as a result ¢difel severe winters, technical supply
disruptions, or geopolitical conflicts. Gas prieeight also structurally bye high, e.g. as a
consequence of increased market power of a poltémtize gas cartel. In this section, we
analyse consecutively capping Groningen as a ntegm®vide ‘strategic storage’ to be used in
times of incidental gas supply shortages, and,rslgpconserving the Groningen field to
provide countervailing power against a future garset.

%3 In De Joode et al (2004) a similar computation was done to evaluate the benefits of capping the Groningen field. Here
comparison was made with the alternative of disconnecting customers in case of physical shortage. That analysis concluded
that the (present value of the) benefit of preventing a physical shortage during 24 hours in the region The Hague -
Rotterdam amounts to about 500 million euro.
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Groningen and ‘strategic storage’

If market failures lead market parties to be inctatgdy exposed to the risks of supply
problems, they will invest too little to respondldav-probability supply problems. While
solution of the market failure itself would be thygtimal response to this situation, if this is
deemed unfeasible, the government may step inoig® a backstop for risks of supply
shortages and accompanying price crises, by relgasis from strategic storages.

We here consider the case where Groningen is catsén order to use its flexibility to
mitigate future price effects of occasional seweirgters or technical supply problems, instead
of genuine strategic storage. By keeping priceslaw these circumstances, Dutch consumer
welfare is increased. However, in analogy with digcussion on short-term reliability, one
should recognise that by effectively capping pritegestments by others (such as builders of
storage capacity, LNG import terminals) who relytogh prices to make their investment, are
crowded out. Put differently, leaving the Gronindkexibility looming above the market to
interfere when prices rise makes the investmentatk for such parties less attractive.

Having said this, we can try to answer what theefiemould be of using Groningen to keep
prices within reasonable bounds under periodicci#iyazonditions. Similarly to our discussion
on short-term reliability, a maximum bound on thenefit can be found by considering the cost
of any other mechanism that would be capable afating such periods of high prices. A
natural candidate is having strategic storage dégpfaom which gas can be released in a price
crisis. Some countries (in particular Italy) hamedsted in such strategic storage. As the costs
of such a measure are viewed to be high (see 1B84&), the maximum benefit of using
Groningen to temporarily avoid investment in suatilities for price mitigating purposes can
be significant.

We get an estimate for the maximum benefits of ennisg the Groningen field by comparing
it with the costs of installing strategic storagg@acity. We assume that such strategic storage
capacity would consist of storage of gas in deplgizs fields. As to the volume, we note that
average monthly Groningen production was aroundr below peak production in 2004. If
we consider a price crisis of 3 months (in thenmdlrkets, strategic reserves are required equal
to 90 days’ consumption), on average Groningen wbal able to supply 9 bcm (assuming the
cap to be dropped in such an emergency situaflenkeep strategic storages available, these
reserves have to be in place when the flexibilftthe Groningen field are insufficient to
produce this additional output, which we again assto take place when the field’s remaining
reserves drop below 400 bcm.

An additional concern might be that not only is @ngen depleted sooner, but also spare
capacity in Groningen is lower in the absence cd Higher production leads to a faster
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decrease in maximum capacity, and therefore paigniimaller room for output increase. In
assessing this effect, one should incorporateffeete of new investment (e.g. in compressors)
in capacity. As we explain in appendix A, one maguame that in equilibrium, a profit-
maximising producer without a cap will invest sooimeexpanding capacity, to reach, on
average, a higher production capacity than a cappstlicer (see also the discussion in section
4.5.2). Whether average spare capacity over theiger@ases depends on the question whether
the period in which production is at its maximumdedecreases. This would happen in the
presence of constant returns to scale, while wéttreéasing returns to scale, the effect is
ambiguous. With the relatively small changes indoiction in our scenarios, the effect in any
case is not large.

Based on data from ILEX (2005) on storage costsestignate the total annual costs for
providing storage in depleted fields at 0.05-0.@¥/®&3/y for the various discount rate
assumptions? The effect of capping Groningen is to postponentieenent when such strategic
capacity is necessary to replace the flexibilityGbningen. The timing of this moment again
depends on the scenario. The computation is eaflgrgimilar to the calculation for short-term

storage.
Table 4.9 Maximum benefit of cap for strategic rese  rves per scenario and discount rate (million Euro)
Discount rate Baseline Competitive Sellers’ market High prices
3% 0 100 0 0
5% 200 500 0 100
7% 500 900 0 500

We see that indeed keeping strategic storage tk/comsplying that using Groningen instead of
storage entails large benefits (table 4.9). Asrotheasures to deal with security of supply
might be more efficient, such as demand respotisese calculations overestimate the benefits
of Groningen in the field of security of supply. Mover, the benefit estimates are biased
upwards, potentially significantly so, as we igntive crowding out effect, i.e. governments
investments in flexibility, by capping Groningeninvesting in storage, might reduce private
investments in flexibility.

Groningen and a foreign gas cartel

Now, we analyse whether capping Groningen is dniefit measure to deal with a foreign gas
cartel structurally raising the future price of géke value of being able to produce gas in times
of future cartel prices comes potentially from teaurces. First, sales of gas in this situation
create more revenues (or from an aggregate nati@ngpective, decrease net spending on gas
procurement). Second, release of gas may mitigaézrel market power, decreasing overall

* The major costs of storage consist of capital costs of storing the cushion gas.
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gas prices and thereby increasing national weffafée first effect is internalised by the profit-
maximising producer. The second source of berrefillicing gas prices by strategic release of
gas, will not be taken into account by individualifional investors, as these benefits accrue to
(Dutch) consumers, and are external to the prodiider benefits of this source may therefore
warrant policy measures. By retaining some produaatiapacity for the importing phase,
strategic release of gas can put downward pressupeices, and hence increase Dutch welfare.
One should of course recognise that part of thisaneeeffect will migrate across the borders,

as demand for Dutch gas from neighbouring countviisalso increase.

Let us now analyse the welfare effects of a ca@mmingen in the case of future prices which
are structurally above current levels, as a rediftir instance increasing market power of
foreign producers. In sections 4.2 and 4.3, weyaedl the welfare effects of imposing a cap in
the High-price scenario were gas prices are higluee of high LNG prices and the exercise of
market power by non-EU suppliers, for instance lgjyodal gas cartel reducing global
production of gas. Although the Groningen produa&es into consideration the possibility of
saving gas at present, in order to benefit fromiribeeased price in the future, the net impact is
that the operator advances production, compar#utketbaseline scenario (see figure 2.6).
Tables 4.3 and 4.4 have shown that imposing arc#eiHigh-prices scenario reduces welfare,
implying that the negative effect of a cap in easars was not compensated by positive effects
on consumer welfare in the further future: welfdreps by 0.3 (5%) and 1.9 (7%) billion euro
as a result of the cap. Hence, imposing a captiamefficient measure to deal with the risk of
high prices in the future.

One may wonder whether other actions than a captrogymore appropriate for providing
countervailing power to future cartel behaviour. dgtion might be increasing production
above the profit-maximising level of an industryttwimarket power, as these producers
typically reduce the rate of extraction of theowgse compared to the social optimum, thus
harming consumer surpld$in the final chapter we will explore the efficignef such a policy.

%5 In order to have this benefit, it is required, of course, that the level of Groningen production has an impact on (Dutch)
prices. It is conceivable that the level of Groningen production can impact prices, in particular on the low-cal gas market.
Groningen’s market share on the low-cal gas market amounts to around 40%. DTe (2005) recently concluded that the
operator of this field possesses market power in the market for short-term flexibility. Whether Groningen can also
appreciably affect high-cal gas prices (for which the market appears bigger) is not so evident.

%% See Mulder et al. (2006) for a note on the relationship between degree of competition and optimal depletion paths.
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5.1

5.2

Conclusions

Introduction

This chapter summarises our conclusion on the vee#fects of the Dutch gas-depletion
policy. First, we present the conclusion for thitakle guarantee (section 5.2), then we go into
the welfare effects of the cap on Groningen (sadii®). In the last section, we discuss an
alternative policy regarding the Groningen field.

Welfare effects of the offtake guarantee

The offtake guarantee generates a number of wadfégets. On the one hand, it might reduce
efficiency of production and hinder the developmafiiquid wholesale market, while, on the
other hand, it might be an efficient way of poolagwell as a source for market power.
Although it is impossible to determine the magnéwd these effects, the above analysis
enables us to assess their significance.

The guaranteed offtake likely gives operators reduncentives to respond optimally to short-
run changes in market conditions compared to a etithye market. Although the offtake
contracts include conditions for daily flexibilitthese do not necessarily result in optimal
responses by operators. In addition, the markeeprjiven by Gasunie Trade & Supply might
be distortive resulting in inefficient productiddowever, the costs of these inefficient
(domestic) production might be compensated by a&fitarf reduced dependence on imports.

Although the offtake guarantee theoretically cduiltber the development of a liquid wholesale
gas market, the actual development of the Dutch ddds not as yet indicate any important
barriers suggesting that the offtake guaranteeti€urently restricting this market.

The main alleged benefits of the offtake guaranfiicient pooling - can likely also be
realised by a liquid market as the British expareeshows. In the Dutch gas market, which is
not well developed yet, transaction costs of papiimay be relatively higher initially. These
initially higher transaction costs in case of magkeoling can be seen as transition costs from
replacing the coordinated mechanism by a markehamésm. Whether these transition costs
would be compensated by lower levels of transaat@sts in the future is difficult to determine
in advance. The Dutch experience in electricitydpiion shows, however, that a transition
from a centrally coordinated mechanism to a mamkethanism is not necessarily difficult to

realise.
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5.3

The benefits of centralised pooling to achieve dowtion on quality of gas seem also to be
modest. As coordination to achieve satisfactoryqgesity relates to each individual group of
users of a pipeline (the mixture of gases shoulditid@n system quality bounds to allow entry
into the transmission system), it seems more apjateto arrange for such coordination
through the contracts with the transporting compaather than through centralised pooling.

Another direct benefit follows from the offtake gaatee if it gives Gasunie Trade & Supply
power to charge higher export prices. The net &ffetexercising such market power on Dutch

welfare appear to be negative in our scenarios.

Concluding, given the current degree of liquidifyttee gas market, the system of coordinated
pooling might be efficient. This advantage of tlittakke guarantee vanishes, however, when the
market becomes well developed.

Welfare effects of the cap on Groningen

The welfare effects of a cap on Groningen depenthemxtent it restricts production from this
field and the resulting changes in the Europeamgaket. In our Baseline scenario, the cap has
a modest effect on actual production: about 0.8 Anrually. In the Competition scenario, the
effect on annual production is much higher: abobtizm. In this scenario, the high level of
competition on the European market reduce the ogfior strategic behaviour resulting in
additional production. In the High-prices scenabienefiting from the current high prices
appear to be more profitable than waiting for tieife higher prices. When the gas market is
characterised by low competition, i.e. the Sellenarket scenario, the cap is above the profit-
maximising level of production and, as a resulhas effective. The different impacts of the cap
on production volumes implies that the cost ancefiemalso differ between the scenarios.

The total costs of the cap on Groningen range frero in the Sellers-market scenario to 975
million euro in the Competition scenario (see tehlE).

Benefits of the cap for small-fields productionyappear in the Competition scenario as only
in this scenario production from these fields feeted by the cap. The (present value of the)
additional producer surplus for small-fields protilue in this scenario amounts to 145 million
euro In the other scenarios, small-fields produrctiorestricted by the capacity of infrastructure
while the gas prices are too low for making infrasture extension profitable. In addition, this
infrastructure is fully utilised in the other sceina as the small-fields have relatively low
marginal costs making them inframarginal supplierthe European gas market.
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Table 5.1

Welfare effects of a cap (of 42.5 bcm) on  Groningen, in four scenarios (in million euro; dis count
rate is 5%)

Baseline Competition Sellers’ market High prices
Costs 500 975 0 280
Benefits
Additional producer surplus small fields 35 145 0 35
Extension of balancing function . . . .
Reliability of supply <10 <20 0 <10
Security of supply <200 <500 0 <100
Net effect <-255 <-310 0 <-135

Imposing a cap on Groningen does not generateiadalithenefits for small-fields through an
extension of its balancing function as the ownethif field is able to capture the benefits of its
flexibility capabilities. As a result, the ownerlwnake efficient decisions regarding the use of
Groningen in balancing offshore gas production.

Capping Groningen might have a benefit for religpbf supply, provided this measure does
not crowd out private investments in alternatiitbility options. The benefits of this measure
consist of postponing reliability investments whiwive to be taken when Groningen is not able
anymore to deliver the required flexibility. In t®mpetition scenario, this benefits are
estimated at about 20 million euro. The other sdéesahow lower values.

Another benefit of capping Groningen in the fiefdsecurity of supply is its value as strategic
storage to be used during periods of temporaritseexe shortages in the market caused by
economic, technical or political circumstances.cdtere, the benefits consists of postponing
investments in alternative investments in stratstpcage. In the Competition scenario, these
benefits amount to 500 million euro while the otheenarios produce lower values of this
benefit.

A final benefit of capping Groningen might be itderin damping the costs, i.e. high prices,
caused by a foreign gas cartel. Imposing a capeiiHigh-price scenario shows that the net
effect for consumers is negative, implying that ble@efits of additional production later or not
enough to compensate for the loss of productidghémear term. Consequently, using
Groningen to mitigate the effects of foreign gagedaloes not produce net benefits.

The net welfare effect of capping Groningen on atigul2.5 bcm ranges from zero (in the
Sellers market scenario) 0310 million euro (in the Competition scenario).
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Table 5.2

Welfare effects of a cap (of 42.5 bcm) on  Groningen, in four scenarios (in million euro; dis count
rate is 3%)

Baseline Competition  Sellers’ market High prices
Costs 0 170 0 0
Benefits
Additional producer surplus small fields 0 15 0 0
Extension of balancing function . . . .
Reliability of supply 0 <5 0 0
Security of supply 0 <100 0 0
Net effect 0 <-50 0 0
Table 5.3 Welfare effects of a cap (of 42.5 bcm) on  Groningen, in four scenarios (in million euro; dis count
rate is 7%)
Baseline Competition Sellers’ market High prices
Costs 1525 2655 0 1975
Benefits
Additional producer surplus small fields 305 330 0 345
Extension of balancing function . . . .
Reliability of supply <19 <37 0 <22
Security of supply <500 <900 0 <500
Net effect <-700 <-1390 0 <-1110
» Different assumptions of the discount rate (3 a¥ fave significant effects on both costs and
benefits, but do not change the conclusion thah#tavelfare effect is negative if the cap is
binding (see tables 5.2 and 5.3).
» The conclusion on the efficiency of the cap on @rgen is also not affected by other
assumptions about LNG-price, the availability dfastructure on the Netherlands Continental
Shelf and the level of tax distortions (see Apper).
54 Alternative policy for the exploitation of Gron ingen

In our analysis of the cap on Groningen, we sawdhaivate operator of this field does not
take into account externalities on (Dutch) conswawdrich asks for the analysis of an
alternative policy regarding Groningen. An alteivaipolicy regarding the Groningen field, in
stead of a cap on the annual level of product®changing the goal of production. In the
above analysis, the owner of Groningen is supptsethximise profit. Because of the market
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power of the Groningen field, this production ggaherate results different from the welfare

maximising strategy.

Suppose the owner of the Groningen field wantsagimise Dutch welfare, which production
profile results? Inclusion of total Dutch welfar@es an incentive on the Groningen producer to
lower Dutch prices. Effectively this means that @m®ningen producer has an incentive to
increase production (so as to lower Dutch prices)liperiods. However, since total Groningen
resources are fixed, a trade-off will occur betwegpanding output in the first periods, and
raising immediate consumer welfare gains, and gagés to produce in later periods, when the
effects of foreign suppliers’ market power is gezatnd prices are higher.

We find that including consumer welfare in Groningedeployment decision substantially
raises production in the first periods. This hatdparticular for the Sellers’ market scenario,
where the inclusion of consumers welfare in theeobjunction on Groningen raises average
annual production by 3.9 bem (see table 8 Z)he discounted value of the net benefit in this
scenario is 4.2 billion euro.

This result is essentially the effect of market powf Groningen production: individual profit-
maximisation leads to lower production levels amghér prices than when the negative effect

on consumer welfare is taken into account.

Table 5.4

Effect of internalising Dutch consumer we  Ifare in the object function of Groningen, in four
scenarios (in million euro; discount rate = 5%)

Baseline Competition Sellers’ market High prices

Change in average annual production during first 20 years

(in bcm) 1.2 0.5 3.9 1.1

Welfare effects
Producer surplus Groningen 1700 1300 1700 0
Producer surplus small fields - 300 -100 -1200 - 400
Surplus Dutch low-quality consumers 2100 1300 3700 3000
Surplus Dutch high-quality consumers 200 0 600 100
Reliability of supply <-12 <-10 <-25 <-12
Security of supply <-300 <-250 <-600 <-300

Net effect > 3390 > 2240 > 4175 > 2390

*" Inclusion of Dutch consumer welfare is implemented by including the costs of buying gas for Dutch consumers in the
optimisation for Groningen production.
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From this follows that raising production of Grogén above profit-maximising levels
generates more welfare than removing the cap. &drislusion holds, of course, for the current
structure of the European gas market. If this gasket is more competitive, the production
profile of the private owner of this field deviatess from the welfare-maximising profile.
Note, however, that implementing a ‘floor’ in pradiion from the Groningen field creates the
risk of setting the floor at a too high level framelfare-economic point of view.

A more efficient way for taking the level of Grogen production more close to the socially
optimal level is improving competition. After athe above results imply that improving
competition on the European gas market increaséshDelfare: the loss of producer surplus
due to lower gas prices is largely compensateddtyeh profits from advanced Groningen
production plus increased consumer surplus for Datmsumers. Small-fields producers
would, however, face lower profits because of #wuced price of gas.
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Appendix A Data used in NATGAS

In this appendix we give a summary of some of glevant input data in the NATGAS model,
used in the specification of the scenarios. We stiata on available gas resources in the
various producing regions, production capacitied @sts, and current demand in Europe by
region. More detailed data on other issues (suatcorage capacity and LNG import capacities)
can be found in Zwart and Mulder (2006).

Table A.1 Reserves and total remaining resources in production regions, in bcm

Proven reserves  Discovered and undiscovered Total

potential

Norway and Denmark 2467 2852 5319
United Kingdom 905 645 1550
Groningen 1068 0 1068
Dutch small fields 381 366 747
Germany and Austria 367 420 787
Italy 182 215 397
Eastern Europe 358 614 972
Algeria 4500 1136 5636
Russia 32960 44736 77696

Sources: individual countries’ government information, and OGP (2003)

Table A.2 Current production capacities available f ~ or Europe, and average cost ranges per region

Capacity (bcmly) Average costs (euro/m®)
Norway and Denmark 83 0.05-0.08
United Kingdom 110 0.05-0.09
Groningen 76 0.005 - 0.01
Dutch small fields 44 0.04 - 0.06
Germany and Austria 29 0.05-0.08
Italy 14 0.03 - 0.05
Eastern Europe 28 0.05-0.08
Algeria 85 0.02 -0.03
Russia 140 0.10-0.15

Sources: IEA (2005), EZ (2005), data from TNO-NITG
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Table A.3 Initial demand figures, in bcm per year

Belgium 15
Eastern Europe 80
France 44
Germany, Austria, Switzerland 106
Iberian peninsula 26
Italy 77
Netherlands 50
UK and Ireland 105

Source: IEA (2005)
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Appendix B Profit maximisation of Groningen produc tion

We analyse the implications of profit maximisatfonthe Groningen producer in more
mathematical detail. To this end, first we introdsome notation. Groningen produces in a
market that is also supplied by other sourceslgptmough quality conversion facilities). The
residual demand faced by Groningen, i.e. final dedmainus supply from other sources, is both
dependent on time (e.g. residual demand is highetriter than in summer), and on price,
since supplies from other sources as well as tesextent demand are price elastic. We write
D(t, p) for residual demand for Groningen. It is convehi® order time from highest demand
periods { = 0), to lowest demand periods<(T), so thatD(t, p) is decreasing it(at constant
pricep, this is known as a load duration curve). In d@gtiilm, total Groningen outpuj(t) at

each time equaB(t, p(t)) (this is called market clearing). We can alseertD(t , p), to obtain
the priceP(t, q(t) ) at each time, given Groningen outg).

The Groningen producer is assumed to optimisé potdits, subject to various constraints.
Firstly, total output over all Groningen life shduiot exceed total Groningen reserves of
around 1100 bcm. Secondly, under the productiontosa production in the cap-period should
not exceed the cap. Thirdly, on each monteatitputq(t) cannot exceed technical capacity.
Each constraint gives rise to a shadow price. Wieceli theseg, for the resource constraint,

for the production cap, andt), for technical maximum output. Over the cap-peroandu

are constant: if the constraints bind, they bindadlg strongly anywhere over the period. The
Mt) shadow price is not constant, since this cortiaitime specific: output cannot exceed
technical capacity at each tiheeparatelyA(t) will equal zero for each t where output is below
the maximum (i.e. the constraint does not bind).

In this notation, for eachthe producer’s optimal outpqtt) will satisfy

dr(t)
—2-A-u-0=0,
dq H

wheredz(t)/dq represents (short-term) marginal revenues mirhusriderm) marginal

production costs. If we assume competitive behayithis equalp(t) —c , while for a strategic

firm, one would have
antt) p(l—lJ—c
dq n

wheren is the elasticity of residual demand for the fiBelow, for convenience, we assume
competitive behaviour.
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From the equilibrium equation, we see that atielés whem(t) <K (the technical capacity)

and therefora(t) = 0, prices (or marginal short-term profits) agpal top, with p=c+o +p.
Output under these conditions equals residual ddratithis price, omg(t) = D(t, p).

This means that output exhibits swing parallelfingt of demand, i.e. low output in summer,
high output in winter.

The situation is different when output equals cégd<. In those high demand periods, q is
constant, but price changes = P(t, K).

This price in these high demand conditions wilkkeé by the marginal costs of other sources of
gas. Both price duration curve and Groningen priddncurve are depicted in figure A.1.

Figure A.1 Schematic price and Groningen output dur  ation curves, with and without cap

price

j «— Higher marginal cost technologies

J/ setthe price

:

Groningen output !

time

We now analyse what happens as we lift the prodinatap. This will remove the constraint
associated tp, settingn'=0 (where primes denote the parameters without#pg. This is
partially compensated by an increase iio ¢’ > ¢, as an increase in production will make the
resource constraint tighter. We still have that méher output does not reach full capadity,
prices are equah’= ¢ + ¢’, and slightly lower tham as a result of increased output. Total
output in these periods satisfigét) = D(t, p'), so that stillg’ swings with demand, though at a
higher level. Since’' increases across the whole period, it will hiatacapacity earlier, if we
assume that K does not alter. This latter assumptiowever, is not consistent with
equilibrium. In investment equilibrium, we have tiha/estment costs should be recovered

exactly in those periods that the capacity limbiisding:
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;
J'/\(t)dt: |
0

or
T

[(p) - Pt =1

0

wherel is marginal (annualised) investment cost. Since, whgyubatjuals capacity, prices are
set by other technologies, prices in the highest demanddpeemain unaltered. Sinpe< p

this equilibrium condition will not be satisfied. Withahhe production cap, then, also

maximum capacity levels will increase.

We in fact should expecfit,K)/dK = 0, at least for the peak demand periods where other
sources of gas set the price. If marginal investment tasésconstant (constant returns to
scale), in order to keep satisfying the investment equifitbigondition, with the lowep’, K’
should increase so that the duration of maximum outputuslbcreduced. This will have the
effect of crowding out the highest fixed cost peak delivety@s. Ifl increases with capacity,
the case is not as clear-cut and both higher and lower ducdtmaximum output are possible.
It is conceivable that decreasing returns to scale will applydifiadal investments are made to
increase capacity further. On the other hand, in reality the ircteapacity might be obtained
on averageby bringing forward in time planned investments. Indéddyestments (in e.g.
additional compressors or wells) are carried out more reguaéytime, average available
capacity will increase compared to the case when many such innésamne postponed to be
carried out simultaneously at a later date. In this case, degeagims to scale are less

obvious.

In the non-capacity-constrained part of the year, gas proddotlows residual demand, and
the difference between gas production at the summer troughaeled¢he winter peak will
consequently increase as the duration in which the cap is\giddcreases. In particular,

K'-q(T) =D(p',t")-D(p',T),

meaning that the difference between summer and winter peak Iépetslaction increases
with decreasing , the duration of capacity constrained production. Aslikédy that residual
demand’s variation withdoes not change significantly with the (small) chang# ine. the
residual demand curve rises parallel with fallp)@nd since the duratidghthat maximum
capacity is reached decreases, the ‘swing’ increases if lifting thesalps in lower duration of
binding production.
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Appendix C Welfare analysis of variants

In chapter two, apart from the scenarios, we introduced a nwhbariants to investigate the
sensitivity of scenarios to various assumptions. Inapfendix we list the effects of these
variants on the welfare analysis of the cap on Groningen. TablghGws net welfare effects.

Table C.1 Net welfare effects of a cap (of 42.5 bcm ) on Groningen for variants (in million euro; disc ount
rate is 5%)

Variant
Baseline <-270
Low LNG prices <-200
High LNG prices <-270
Low decline of small-fields production <-170
High decline of small-fields production <-280
Higher capital costs of Dutch production <-325
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