Climate Change Policy and its Effect on
Market Power in the Gas Market

David M. Newbery

February 2006

CWPE 0606 and EPRG 0510

These working papers present preliminary research findings, and
you are advised to cite with caution unless you first contact the
author regarding possible amendments.



Climate change policy and its effect on market powean the gas market

David Newbery
Faculty of Economics, Cambridge
16 November 2005
(revised 3 July 2007)
accepted for publication in tRl®urnal of the European Economic Association

Note: the earlier version of this paper is appended ahe end.

Abstract

The European Emissions Trading Scheme (ETS) limits €fidssions from covered sectors,
especially electricity (accounting for about 56%}. €44 billion p.a. the ETS is the largest
emissions trading system ever, 40 times larger tHfarprogrammes. The paper demonstrates
that fixing the quantity rather than the price aftwon reduces the price elasticity of demand
for gas appreciably, amplifying the market power & guppliers, and amplifying the impact
of gas price increases on the electricity price. Agloestimate using British data suggests
that this could increase the Lerner index by 50%.

Key words
Climate change, emissions trading, market power, gasagjue taxes, Lerner index

JEL classification
Q54, Q58, L94

Acknowledgements: Support under ESRC project REBB563 Efficient and sustainable
regulation and competition in network industries gratefully acknowledged. | am indebted to
members of the Electricity Policy Research Grouphielpful comments, to Akos Levay for spotting
an arithmetic error, and to the editor and refefeetheir constructive suggestions.

CMINEmissions\CC policy and gas 17/07/07 1



CLIMATE CHANGE POLICY AND ITS EFFECT ON MARKET
POWER IN THE GAS MARKET

David M Newbery’
Faculty of Economics, Cambridge

Abstract

The European Emissions Trading Scheme (ETS) liGi® emissions from covered sectors,
especially electricity (accounting for about 56%).€44 billion p.a. the ETS is the largest emission
trading system ever, 40 times larger than US progrdhe paper demonstrates that fixing the quantity
rather than the price of carbon reduces the ptagieity of demand for gas appreciably, amplifying
the market power of gas suppliers, and amplifylmgyitnpact of gas price increases on the electricity
price. A rough estimate using British data suggtststhis could increase the Lerner index by 50%.

1. Introduction

The European Union has agreed the European Emissiodingr&cheme (ETS) as its
principle means of reducing emissions of the main greeghgas (GHG), carbon dioxide,
CQ.. The ETS fixes the quantity of G@hat can be emitted from the covered sector, and can
be contrasted with the alternative, and as arguexhhgreferable policy of taxing or setting
a charge for the release of €®lore than half (56%) of emissions from the coveredosect
come from the electricity supply industry (ESI, i.eeatficity generation), and in the EU in
2004, 31% of electricity was generated from coal, 48% from gas. Nuclear, hydro and
renewables, all zero-carbon sources, accounted for db¥%tal generation (IEA, 2006,
p507). For the EU-15 the share of gas is higher at 2aéboof coal lower at 27%. The zero
carbon generation is inelastically supplied over tberge of the year, as it has very low
variable costs, but coal, which is very carbon-intezmisoompetes with gas-fired generation,
which has half or less coal’s carbon intensity.

This paper will argue that the fact that the ETS iguata system amplifies the
existing market power of gas suppliers, provided thenahces are scarce (as is the intention
of the ETS). If the price of gas increases, elecyriggnerators will switch some generation
from gas-fired to coal-fired plant, increasing £€issions. Because the quantity of L£LO
allowances is fixed, an increase in their demand rdssrice. The immediate effect is to
magnify the impact of a gas price rise on the pricelettricity, which is hard to reconcile
with the environmental objectives of the ETS.

" Acknowledgements: Support under ESRC project REEB563Efficient and sustainable regulation
and competition in network industriés gratefully acknowledged. | am indebted to merslmd the
Electricity Policy Research Group for helpful cormtse to Akos Levay for spotting an arithmetic
error, and to the editor and referees for theilstoictive suggestions.
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The second effect of raising the £frice is to raise the cost of generating electricity
from coal by more than it raises the cost of gas-fireteg®ion. The rise in C{price partly
offsets the original decrease in gas demand causedebygath price increase, and hence
reduces the elasticity of demand for gas compared torl w which the price of CQis
fixed. The market power of gas suppliers, measured by eh®er Index, i.e. the ratio of the
price-cost margin to the price, is inversely propodidio the elasticity of residual demand
facing the supplier§,;so a reduction in the elasticity will increase thekw#p of gas costs,
amplifying their market power.

At a more fundamental level, this effect is an exampkha® Samuelson-Le Chatelier
principle that constraints on any part of a genecglilbbrium system (such as a market
economy) reduce the elasticity of response of the nstcmined elements of that system
(Samuelson, 1947). In this case a constraint on the anodu@O, available reduces the
elasticity of demand for gas, just as quotas on imporgpodls reduce the demand elasticity
facing domestic producers and allow them to leveragje market power (Bhagwati, 1965).

To demonstrate the possibility and significance of thasg it is necessary to show
first that gas and coal-fired generation are substiteitand respond to changes in the price of
gas relative to coal, second, that the price o S@naterial in influencing the choice of fuel,
third, that price of EU Emission Allowances feeds thtoug the price of electricity and
hence has a direct effect on consumers, fourth, hleagas market is imperfectly competitive,
fifth, that the effect on gas market power is mateaal] finally, that the social cost of the
results further strengthen the existing case for ssatgithe price of C®(and other GHGS)
rather than fixing the quantity of emissions.

2. The EU Emissions Trading System

The ETS fixes the quantity of G@hat can be emitted from the covered sector. Eaah ye
from 2005 until the end of 2007 each country allesait least 95% of its overall allowances
to eligible firms, who are then free to trade thenmhimithe EU. EU-wide demand and supply
of EUAs determine the resulting price of an EU Emissidiowfance (EUA) for 1 tonne of
CO,. At the end of each calendar year covered indgstioé¢ which the largest is the
electricity supply industry (accounting for about 56¥%ihe total), must deliver EUAs equal
in total to their recorded emissions in that year. Ed&s be held until the end of 2007, at
which point a new scheme starts. The old EUAs then beemrtéless, and from 2008 until
the end of 2112, second period EUAs are requiredir&ify shows the spot and futures prices
for first period EUAs, and recent futures for 2008waely of second period EUASs.

There are several points to make about the ETS. Rirgpresents a step change in
the size of emissions markets, for the number of EUA&dssach year for the EU as a whole
is around 2.2 billion, which at a price of €20/E\dives a value of about €44 billion per year.
In contrast the US cap-and-trade programme for iS&dles annual allowances for just under 3
million tons, which at 400 €/tonne $Qives an annual value of around €1.2 billion. U

! This relationship holds for Nash equilibria irpply functions (as derived by Klemperer and Meyer,
1989 and applied to modeling wholesale electrinigrkets by Green and Newbery, 1992), and in
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NOx cap-and trade programme that initially covetieel North-eastern states issued 143,000
tons of allowances in 2003 which at $750/ton gigemarket value of about $100 million,
although this is for only part of the S he ETS is therefore nearly 40 times the valuthef
previous largest emissions trading programme.

EUA price 25 October 2004-30 March 2007
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Figure 1 The prices of EUAs valid for 2005-2008

Source: EEX carbon index

Second, the prices of spot and futungthin each trading period (until 31 Dec 2007,
and 1 Jan 2008-31 Dec 2012) moved very closely tegeithus prices for EUAs for each
successive year’s delivery from Dec 2008 increase by 28961.1%). Third, the prices of
second period EUAs (the Kyoto commitment period) stakvbehe first period price, but
after March 2006 rise above it, and thereafter movesnie the two series are significantly
different. Ellerman and Parsons (2006) suggest thativelamovements in prices give an
estimate of the probability of a shortage of first pgrEUAs by the end of that period. The
collapse of the first period market in 2007 reflects ¢howing realisation that the emission
constraint had been set too leniently in the firsigoedn response the European Commission
has been tougher in cutting back National Allocattens for the second period, sustaining a
higher price of around €15/EUA (about $74/tonnearbon). Finally, the market for EUAs
has been volatile, as Figure 1 shows.

Cournot Nash equilibria.
2 US EPA (2003). Each year the volume of allowanEseases.
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21  Substitutability between coal and gasin electricity generation

The first piece of evidence needed is the relevahoeal-gas substitution. This depends on
the prices of both coal and gas, for most countries Ispage oil-fired capacity that is
uneconomic except during very high price periods, smds hardly involved in any price-
sensitive substitution. Britain has the most readily adolesstlevant information about fuel
costs used in generation, as DTI (2007) gives the ppigielsby major generators for coal and
gas. Figure 2 plots the quarterly average prices foaidoal and gas before the start of the
ETS (shown as triangles), after the start with (diamgrads) without (squares), the cost of
the EUAS required to burn that fuel.

Fuel choices in UK electricity generation
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Figure 2 Costs of fuel used by major UK electricitygenerators, 2000-2006
Source: DTI (2007)

The lines represent combinations of the prices of codlgas that would make the
fuel cost of generation from coal and gas equal, fiberént combinations of efficiency in
generation. Thus if coal-fired generation is 34%cedfit, but gas-fired generation 55%
efficient (Platt's assumed efficiency for quoting feeksts) the upper dotted line is relevant,
but if coal is more efficient (38%) and gas less effiti®0%, roughly the British averages),
then the lower bold line is relevant. Above the looal-fired generation is cheaper than gas,
while below gas is cheaper than coal. Note thatewi@pg on efficiencies, gas and coal are
frequently competitive before ETS, but they wouldydoe competitive after ETS with the
cost of EUAs added. The evidence suggests that coalamdre indeed competitive against
each other and that the ETS has been decisive inngegps competitive with coal as gas
prices increased. Further evidence is to be foundobyparing daily spot gas prices (at the
National Balancing Point, or NBP) against the quirtBTI coal figures. For the post-ETS
period without the cost of EUAs, gas is cheaper thaal 486 of the days on the lower
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criterion (gas at 50% efficiency) and 11% on thdtRldefinition, but with the cost of EUAsS
it is cheaper 24%-65% of the time.

The next question is whether coal does displace ga® gsite of gas rises. Here the
evidence is extensive and compelling. Figure 3 showsdaily price of gas (the stepped
function) rising sharply over the period 1 NovemB@05 to later in that month, and the output
of coal-fired and gas-fired electricity in Brita{on an hourly basis but graphed as a 24 hour
moving average). As the price of gas rises, so the anwwtaal burned increases and gas
decreases (and the considerable increase in overalhdemmet by coal, rather than gas).
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Figure 3 Impact of gas price increases on gas dentam the British ESI
Source: NGT, Platts, EEX carbon index

Spain and Italy (unfortunately not ideal models ofmpetitive wholesale markets)
give hourly data on the fuel of the marginal ger@raThus in Spain in 2005 gas-fired
generation set the marginal price between 0 and &7¥e hours of each day, while thermal
generation (mainly coal) sets the marginal price betw& and 79% of the hours of each
day. German market data reveal that output of codigas both vary over the course of each
day, and in 2006 the output of gas-fired generatated from 135 MW to 13,042 MW (with
an average of 1,467 MW) while coal generation hfiem 795 MW to 20,706 MW (with an
average of 7,626 MW), indicating that the two fuate competing to varying degrees over
the course of the year. Figure 4 shows the monthlyageeiof the hourly outputs in
generation from the two fuels.
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Figure 4: Average monthly generation for gas and @ in Germany 2006
Source: EEX

2.2 Impact of the ETS on electricity prices

Theory argues that the price of EUAs should feed tifido the wholesale price of electricity
in a competitive market, although where final prices @gulated, the price could be held
down to offset the windfall profits earned on theedited EUAs. In most EU countries the
wholesale electricity price is relatively unregulatggly and Spain may be exceptiofis).

Empirically, although EU electricity wholesale marketary considerably in market

concentration and competitiveness, there is considemlitkence that the price of EUAs
does indeed feed through in large part to the miagectricity. The price of electricity rose

dramatically in EU countries towards the end of tingt fyear of emissions trading. Between
December 2004 and March 2005 weekly average Europeaa-load prices more than
doubled from about 35 €/ MWh to over 70 €/ MWh, prompta spate of complaints to the
European Commission, who in response announcedt@r sequiry into gas and electricity in

June 2005 (European Commission, 2005).

Figure 5 shows 28-day centred moving averages of \&apoices and costs for the
British market, where gas generation is particularlyartemt, and where both the gas and
electricity markets are competitive and for which ¢éhare liquid spot and forward markets.
The electricity price is from the day-ahead powerhexge, UKPX, for peak hours (7am-
7pm), the gas cost is derived from the NBP gas spot paliag 0.36 EUAs/MWHhe of

% llex (2004) predicted the likely impact of EUAiges on wholesale prices and anticipated 100%
pass-through in every country except Italy (0% ghssugh) and Spain (8% pass-through).

* MWhe is Megawatt hours aflectricity output, in contrast to the price of ¢t expressed in
£/MWh. At 50% efficiency it requires 2MWh of gas generate 1 MWhe. Platts forward gas prices
assume 55% efficiency, rather higher than averag&€UOGT efficiency.
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generation in a Combined Cycle Gas Turbine (CCGH58b efficiency. The EUA cost is
also shown separately. Year-ahead peak electricigegrin Britain rose from about 50
€/MWh in December 2004 to over 90 €/ MWh by July 20@&ile month-ahead gas prices
rose from 15 €/ MWh in December 2004 to 40 €/ MWh in@eber 2005 (Platts). Thwstof
burning gas to generate electricity doubles this pricefficiency is 50%. Figure 5
demonstrates clearly that the main influence on theef electricity was the price of gas,
rather than that of the EUAs, although they movettegre as Figure 1 and Figure 5 show.

CCGT cost (55% efficiency) and peak prices in Brih electricity market
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Figure 5 Spot electricity prices, gas and EUA cosis Britain
Sources: UKPX, Platts data, and EEX carbon index

A similar picture emerges from all the actively tradezhtihental power exchanges,
and for both base-load and peak electricity, asrEigushows. Again, most of the price rise
could be attributed to a sharp increase in the miogas, which increasingly sets the peak
price in several EU countri@dnterestingly, French wholesale electricity pricesved in close
sympathy with German and Dutch prices (which moweldarmony with Britain), even though
French electricity is almost entirely nuclear aedde immune to the price of either gas o,.CO
Nevertheless, France trades directly with the Niethds (and Britain), as does Germany, and
although there are transmission constraints thahdfagment the European electricity market,
it is clear that prices in neighbouring countriesven closely together. The price of gas affects
electricity prices in countries that either usdlditor no gas in generation. However, the
European Commission was sceptical that the price incoease be attributed to the normal
functioning of competitive fuel markets and argued tha gas market in particular raised
serious competition issues, discussed further below.

® Coal prices also rose sharply, doubling betwemndry 2003 and December 2005 (IEA, 2007).
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Weekly average baseload spot prices 2004-Dec 2006
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Figure 6 Electricity spot prices and fuel plus EUAcosts on European power exchanges

Figure 5 and Figure 6 do not directly demonstrate hat the price of EUAs feeds
through directly to the price of electricity, although it strongly suggests that the
wholesale spot price of electricity moves closelyitl the cost of gas, including the cost of
EUAs. Figure 7 isolates the effect of the EUAs ot price of electricity by graphing the
“clean spark spread” in various markets. The clearspark spread is the base-load price
of electricity for the month aheadless the cost of the gas needed at 50% efficiency to
generate that electricity,less the cost of the EUAs needed, and is a measure bétgross
profit needed to cover other variable costs such &&M, and the fixed and capital costs
of generation). The cost of the EUAS required varig over this period from about 3 to 12
€/MWh. The visual interpretation is that after an initial period of adjustment the clean
spark spread has returned to where it had been, sggsting that most if not all of the
EUA opportunity cost has been passed through intdie wholesale pric€.

A further indication that EUA prices feed rapidlyarelectricity prices is provided by
evidence from the French and German forward marketsdrthe time of the first dramatic
collapse in EUA prices observed in Figure 1. Figupgdgs the cost of the EUAs needed in
50% efficient gas turbines and 36% efficient coadiplant, and shows the response of the
forward base-load prices in France and Germany teutlden fall in the EUA price in late
April 2006. The base-load French forward price f002 appears to have fallen almost as
much as if it were determined by the cost of EUAs neddedoal-fired plant, rather than
gas-fired plant (which requires fewer EUAs per MW&yen though French electricity is
primarily nuclear needing no EUAs.

® Gas is the dominant fuel in the Netherlands (6:9004) but only accounts for 10% of generation
in Germany where coal accounts for 51% (IEA, 2006).
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Figure 7 Clean spark spreads
Source: Platts
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Figure 8 French and German forward prices and the ast of EUAs for generation
Source: EEX

Finally, various authors have undertaken economedtimates of the extent to which
EUA prices are passed through into electricity pridE#\(2007). Honkatukia et al (2006)
estimated that 75-90% of EUA price changes were pabsedgh to the Finnish Nord Pool
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day-ahead prices, even though the Nordic market is rded by nuclear and hydro

electricity (but linked to the rest of Europe). Irs@phisticated boot-strapping econometric
exercise Sijm, Neuhoff and Chen (2006) examined theamnpf EUA price changes on the

cost of generating from coal in Germany, finding congpleass-through for peak prices and
60-70% for off-peak prices (when interconnectorsl@sse constrained and imports introduce
competition from other fuels) . In the Netherlandsytfand that 60-80% of the EUA price

changes are passed through for peak hours for gas geneamd 70-80% passed through in
off-peak hours for coal generation.

23  Market power in the gas market
The price of EUAs is determined by supply and demand,baxth depend on the extent to
which the electricity supply industry (ESI) can sulngéitless carbon-intensive fuels like gas
for more carbon-intensive fuels like coal though clesnig the merit ordérAs the price of
gas increases, the price of EUAs increases, as the demwnddal-fired generation will
increase demand for EUAs. That will reduce fuel sviighfrom gas to coal, making the
demand for gas less elastic, and thus enhancing they albithose with market power in the
gas market to increase prices. While the internationatket for coal is reasonably
competitive, the same is not true for gas, particulializurope, which is heavily dependent
on importing Russian gas from the monopoly supplier, Geapr

In addition, gas producers and suppliers in the EU hawe market power than the
suppliers of other fuels. The CES8ector Inquiryconcluded that gas wholesale markets
“generally maintain the high level of concentratioh the pre-liberalisation period. ...
incumbents remain dominant on their traditional markeyslargely controlling up-stream
gas imports and/or gas production. ... . The networlong term supply contracts between
gas producers and incumbent importers makes it veryuifficr new entrants to access gas
on the upstream markets. ... Gas infrastructure (networtsstmage) is to a large extent
owned by the incumbent gas importers, and the insuffigeparation of this infrastructure
from supply functions results in insufficient market opexii (EC, 2006, p3.)

There are therefore grounds for concern that thigcpkar way climate change policy
works in the EU through pricing a fixed supply of E&#S likely to amplify the existing
market power in the gas market. The next section showsHis can happen

3. A simple model of pricing EUAs
To gain some insight into possible mechanisms, consideryasiaple model in which the
price of EUAs is dominated by supply and demanchftbe electricity supply industry, in the

" The impact of EUA price changes are roughly twisehigh for coal as it is more carbon intensive.
As Dutch electricity prices are above neighboudogntries, there may be less scope for passing cost
increases through fully. Explaining spot electyigirices is particularly difficult as they are affed

by contract cover, market power, the extent of tharket, i.e. whether interconnectors are
constrained, and the supply-demand balance, smdlheh between theory and evidence is impressive.
8 The merit order is the order in which generastations are called on to generate, starting viéh t
cheapest for base-load, and successively choobivgp twith higher variable costs until the most
expensive are reserved for peak demand.
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following way. The price of coal is (€/MWh of fuel), set on world marketsind that of gas is

g. The heat rate for fuél(f = c, g) is hy (MWh of fuel per MWh ofelectricity generated, or
MWhe). The short-run marginal cost (SRMC) will be tagiable fuel cost (per MWh) given
by hr.f € MWh.'° The fuel prices are initially such that the variatmeration cost using coal
is less than gagh: < ghy. Emissions (tonnes G(er MWh of energy content of fudl)s &,

so emissions per MWhe of electricity generated balhe. If the price of EUAS iss €/t, the
SRMC, including the opportunity cost of the EUASII we v; =h:.(f + sg) €/ MWhe. For the
moment consider periods of the year in which tieenough gas and coal capacity to drive the
relevant marginal cost down to the variable fuskcout there are not enough EUAs available to
allow all demand to be met by coal capacity aldh& such periods both technologies are
required to meet demand (because of the constmitite number of EUAS), then the price of
EUAs, s, and the marginal revenue of electrici®/, must be such that both technologies are
equally costly, and marginal revenue is equal & dame short-run marginal cost from each
technology:

R=h, (c+e 9=, (9 +e;9). @
or
h,g-h
= W9 @
h.e.-h, e

The relationship between the price of electrigityand the marginal revenur;, in a Nash
equilibrium in which firms take the supply decissaof others as given, B'= p(1-1/54) = &,
wheregq; is the elasticity of residual electricity demand.(demand less other firms’ supply, as
a positive number) anfl < 1! Hence, substituting fa

h.(e.g -e,c)

o — hg
R == 3)
hcec-hg €

and that the impact of gas prices on electricity grisceamplified, for if the elasticity of
residual demand is constdft,

° Coal is internationally traded from numerous ddes, such as Australia, Colombia, the US, and
South Africa. European coal mining costs are typicaibstantially above import prices and complex
subsidy arrangements are in place to make them etithmp with import prices, but at least for the
past ten years the coal price delivered to EU petations is set by import prices (Newbery, 1995).
10" As defined, the heat rate is the inverse of tieeral efficiency, so for a CCGT of 50% efficiency
the heat rate would be 2.

1 If firms are not identical, then the residual e elasticity may vary across firms, complicating
the formulas but not altering the force of the angut.

2 This is not an innocuous assumption for if theicheal demand for electricity is linear, then less
than 100% of the increase in cost is passed onr W@amigrnot competition, although it is still trueath
the ETS magnifies the effect of an increase irgéeeprice.
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Note that the partial effect of gas prices on elety prices holding the price of EUAs
constant is justy/ &so the effect of the feedback through the markeEfdAs is given by the

bracketed term, which magnifies the effect. Thismdestrates the first claim of the paper,
that the ETSmplifiesthe impact of a rise in gas prices on the pricelettricity.

To put some numbers on this suppose thats 2, h. is 2.65,e. = 0.34 tonnes
CO,//MWh andey = 0.2 tCQ/MWh, then the multiplication factor will be 1.8 mpared with
a market in which the price of gas does not affeetprice of EUAs. Interestingly, if coal
becomes more efficient relative to gas the muéipincreases. Thus k. were to fall to 2.5
the multiplier would become 1.9.

This has interesting implications for the profits generation companies, even if the
companies are competitivé.Suppose that their baseline outputQsand they are allocated
h,e.Q EUAs, whereh,e, is an average emission factor per MWhe correcyethé® amount of
coverage (e.g. 95%). The profit of the compani/sellsq units of electricity is

M= pg+<ce,Q-(r+sey)aq-(c+se)(d-a)q

_ (5)
=se,Q+(@1-6)pq,

during those periods when the arbitrage equatiphdts (and assuming no inframarginal coal
or gas plants) (where is the share of generation from gas during thieoge Again from the
price equation (2) for EUAs and the price equafin if the elasticity of residual demand is
constant so thatis independent g

h, e,h
d_I'I: —gea a Q+(1—6)R'%%,
dg (he -h;e dp dg

h _
=9 eahag_(ﬂj hcec q’
h.e.-h, e q 7]

and as the second term is small for plausible gadfié compared to the first terffi profits will

rise with the price of gas. The reason for thisaapptly counterintuitive result is that electricity
companies can recover the full cost of any &rel carborrequired to generate in the electricity
price, andin additionthey are granted the initial grandfathered aliocabf EUAs. Gas price
increases directly increase the value of these E(@Ad electricity companies in the EU have
been enjoying record profits since the start ofEA&). This might give generating companies
with large gas interests and market power in tieengarket (e.g. E.On-Ruhrgas in Germany) an
extra incentive to raise the price of gas. Aganpiit some numbers on this, suppose that the

(6)

13 |f companies are not competitive, then (5) hasxna termR(qg)-qR’ (q),whose derivative isq-
R”.dg/dp.dp/dg.
 The second term will be zero for competitive eleity generators.
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baseline allocation is 95% and that the initialrelat coal is 80%, theh.e, = 0.8 tCQ/MWhe
and if6 = 90%, (so the Lerner mark-up would be 10%), treral multiplier ofq in (6) is 2.64.

If the Lerner mark-up rises to 20% the multiplieli$ to 2.14, and for a perfectly competitive
electricity firm the multiplier would be 3.04.

Another way to examine the incentives to raisepyaes is to examine the demand for
gas by the ESI as a function of the EUA pred,o simplify further to a competitive electricity
market, in those hours when demand is high enaugbquire both coal and gas generation, but
there is overall excess capacity and hence var@sdepricing, coal and gas plants are perfect
substitutes. The price of EUAs is set by the cadl gas prices according to (2). Equilibrium in
the market for EUAs will thus depend on the sumbliZUAs to the ESI, as in Figure 9.

,,,,,,,,,,, i S W - .y _______
Q
c 1 AY
s AR <«—— Supply from non-ESI sector
— A A Y
oL O —— e _______
2 : t .
3 Y with higher
w YA B c i
1 e AN \_gasprices
S f (IR
) ~ ~
E Max gas generation Max coal generation ~ ~ ~
(@ I e il it i B —
OJ AN
(8] . . AN
= fuel mix determines gas demand.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

EUAs tonnes CO2

Figure 9 Supply and demand of EUAs in the electrity supply industry

The flat section of the demand for EUAs by the teigity supply industry (ESI), ABC,
shows the range of combinations of coal and gadg-fatant that is capable of meeting demand
during these hours, with low emissions requiring @CGTs to run, at A, and point C
corresponding to the minimum gas use and maximwhus®e. The actual demand for gas will
be set by the intersection of the supply of EUAsrfithe rest of the economy at point B. From
(2),ds/dg> 0, so if the price of gas increases, the wh&@edemand schedule for EUAs moves
up, as in Figure 9, and the equilibrium shifts frBrto D, which reduces the demand for gas as
coal substitutes for gas (point D is closer tortteximum coal end of the horizontal part of the
schedule).

The next step is to see how these effects feedghrmto the demand for gas and hence
on the market power of gas suppliers.
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4., The impact of the ETS on the elasticity of gas deand.

The simple model of the electricity sector has mliper of obvious drawbacks, in that it only

considers the case of perfectly elastic substitiittabf gas for coal. While it gives a very direct

link between the price of electricity and the psice# the fuels and EUAs, it does not provide a
very helpful view of the demand for gas, and ityambplies to part of the year. As the carbon
price is determined by multi-annual demand and Igupjs important to extend the model to

cover with varying levels of demand, and in so ddtnis possible to develop a more realistic
model of the demand for gas, which is our centatern.

In the Appendix we construct an explicit algebraiadel of the ESI, in which coal and
gas compete for their position in the merit ordex the price of gas rises, so coal displaces gas
and increases the demand for EUAs and hence tlildaqm price of carbon, which feeds back
into the price of electricity (as noted above) afsb the demand for gas. To show that this is a
non-negligible effect, first note that the ESI agus for more than half the allocation of
allowances in the ETS, and next, that the demandds in the ESI is indeed sensitive to the
prices of gas and EUAs (see Figure 2).

As the argument is completely general, we supploaethe demand for ga§, is a
function of both the price of gag, and the price of EUAs, as the price of coal is set on
internatinal markets and is not affected by local lemands:

G = G(g,S),

so, differentiating totally with respect ¢p
gd_G_gaG s0oGgds 7)
Gdg Godg G s sdg

The supply of EUAs to the electricity industi§(s), depends on the price of EUASs, and in
equilibrium is equal to the demand for EUAs by B, E(g,9:
S(s) = E(g,9).
The impact of a change in the price of EUAs is found by differentiating thik/tata.t. g:
dSds _ £ 6E ds
ds dg a® 9sdg’
o)
gds_9E//E _dlogS . _odlogE
sdg n-¢&° = dlogs’ ~  dlogs’
wherey is the elasticity of supply of EUAs to the ESI and the elasticity of demand for
EUAs by the ESI, a negative number, and we have taken advantage of the Squdity
The own-price elasticity of demand for gas,= dlogG/dlogg, allowing for indirect
effects on the price of EUAs, is given from (7)
n_ ., SO0GOE/E
E =€+
G os n- {
wheree = dlogG/dlogg is the price elasticity of demand for gas if there is no gban the
price of EUAs. The demand for gas increases with the pric&JékEas it displaces more
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carbon-intensive fuels, sGs > 0, and a€sy > 0, the last term is positive. Both the price
elasticities of gas are negative, so the effect of fortiveg price of EUAs to change in
response to a change in the price of gas is to make the ownrefasteeity of gas demand
smaller in absolute value, i.e. less elastic.

The appendix shows in more detail how to estimate the importanbss efffect for a
more realistic model of the electricity industry, where isl®wn that the ratio of the price
elasticity of demand for gas with and without the ETS is given as

&* _ n
£ (/7+<0]' ®

where gis derived from the characteristics of gas and coal-firedrggoe (and for the UK
may lie between 0.3 and 0.6). For exampl@,3f 0.3, then this ratio is between one-third and
one-half.

The ESI and other energy industries account for about 40% of totalgdsK
consumption, less than domestic consumption and services, which are éttparETS. If
we assume that the ETS only affects half of gas demand, tredpfe-ETS elasticities of the
covered and uncovered sectors are the same, then the overallgsiméty of demand will
fall to between two-thirds and three-quarters of its previous.l&¥alt in turn means that the
Lerner Index (the mark-up as a fraction of the price) will beemsed by between 33% and
50%:2° That is a very appreciable increase in potential market power.

Although these numerical calculations are based on a calibrated ofdtel British
ESI, the argument is completely general. It is well known thatade is less elastic in the
presence of rationing, even where the rationing applies to other sénket the one under
study (Deaton and Muellbauer, 1980, 4.3; Neary and Roberts, 1980). This irs tam i
illustration of the Le Chatelier Principle that constraints redihe elasticity of response, as
noted by Samuelson (1947) and set out in standard textbooks (e.g. Varian, 1984hp56
same applies if the quantity of EUAs is fixed, as this redtieeglasticity of demand for gas
and enhances the market power of those selling gas.

5. Policy implications

The amplification of market power works through the impact on the prie&As, which, as
gas prices rise and lead to coal substituting for gas, raissiens and hence the price of
EUAs, which in turn favours gas, offsetting the normal market ddmasponse to an
increase in the price of gas. As the EU gas market is thaaghe less competitive than
either the electricity or coal market, and as Gazprom gldms some market powEr |t
seems desirable to find ways of addressing climate chartbeuviexacerbating these other

15 I, as seems likely, the elasticity of gas demamche covered sector is higher than in the

uncovered sector, then the effect will be largdud if the covered elasticity is twice the uncodere
value, the overall elasticity will fall to betwedi9 and two-thirds of its previous value, and the
Lerner index will rise by between 50 and 80%.

6 Gazprom sells on long-term contracts at priageeli to the price of oil, which alleviates its il

to manipulate prices, but contracts with new cust@ntan be struck at different initial prices that
reflect this market power, while Gazprom is algegnating into downstream supply.
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market failures, particularly where the result is not jusedistribution of income between
gas companies and consumers within the EU (as well as exttaveégght losses) but also an
increased transfer to gas producers outside the EU. Even iashmayket were competitive,
the ETS amplifies the impact of any rise in the price af @athe price of electricity, which
is surely an unintended side effect of a the EU policy towardsed@issions. Both effects
work whether or not the electricity market is competitive. ldget the elasticity of the
residual electricity demand is constant, the impact of gpgas rise is even greater in the
presence of electricity market power.

The obvious solution to these perverse effects is to cut the link dretine demand
for EUAs and their price by fixing the price of the EUAs. Tbwld be done either by the
European Commission (or some body) being prepared to buy and sell any number GitEUAs
the fixed price, or by replacing the ETS by a fixed carbonpxtonne of carbon burned.
The former is likely to be politically more attractive thae tatter, and can be made cash
positive or neutral to the EC by suitable reductions in the aibvsabf EUAs each year.
Jacoby and Ellerman (2004) discuss a similar proposal termed the “safety val

Banking of allowances over long periods of time should also incthasdasticity of
supply of EUAs to the ESI, although it will not eliminate the vbtgtof carbon prices. For
example, if the elasticity of supply of EUAs to the Eglincreases tg = 1, the elasticity of
ESI gas demand rises to 63% of its former level, the tatgldgmand elasticity rises to 82%
of its former level and the Lerner mark-up only rises by 22%Af2, then the mark-up only
rises by 13%.

There are additional arguments for setting the price of carbonlandng the market
to determine emissions, rather than setting the quantity and radjdiae market to determine
the price, all deriving from the insights of Weitzman’s sempagder on prices vs. quantities.
Weitzman (1974) started a lengthy debate by obsenviagin the presence of uncertainty,
permits are only superior to taxes if the margiraidiit of abatement schedule is steeper than
the marginal cost of abatement schedule. This nighthe case if marginal damage were low
until some threshold level, at which point it suddenty@ases. For most pollutants the marginal
abatement cost schedule is fairly flat and low fodesb abatement, but rises rapidly as a higher
fraction of emissions is to be curtailed. The dasnagntributed by emissions today is
effectively the same as those tomorrow, and sortfwginal benefit of abatement is essentially
flat at each moment, while the marginal cost oftadant rises rapidly beyond a certain point,
arguing for taxes rather than quotas.

6. Conclusions

Policy towards C@emissions (or greenhouse gases, GHGs, more generally), shoulo aim
reduce their damage without exacerbating other market faillites.ETS restricts total
emissions of C®and determines their price in each of the two periods by misgkisg. As

a result the price, which is supposed to reflect the marginadlstmmage of emissions, is
affected by the price of gas, which has nothing obviously to do withmérginal social
damage. Furthermore, the price of electricity is made moréiserts the price of gas, again
to no social benefit. In addition, the quantity nature of the ETS aewphfiarket power in the
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gas market, which the European Commission has determined is uncap@igviously it
is desirable to eliminate market power in the gas market, but even if that iG@ddneseems
most unlikely that the Commission has sufficient power to do that)otier problems
remain. Finally, the fixed quantity of ETS makes the EUA prickatile (although trading
between years reduces this volatility somewhat). This volasigostly in a variety of ways,
not least in making investment decisions more risky and therefore the costtaff [igier.

There are powerful arguments for preferring a climate changeypbac stabilises the
price of EUASs, based on the stock nature of GHG emissions, and gnentainties and
ignorance about the nature of the costs of mitigation and of clicharege’’ This paper has
advanced an additional argument in favour of stabilising the price 8sEbkher than the
qguantity, in that C@ quotas rather than taxes amplify the damaging effects of iegper
competition in the gas market.

It is well known that tariffs and quotas are not equivalent in theepee of imperfect
competition in domestic markets (Bhagwati, 1965), and that underntgrtéariffs are
superior (in the strong sense that an optimal tariff would berltbtie the optimal quota).
The reason is simple — a binding quota limits imports of competing giodnd makes the
residual demand facing the home supplier less elastic than wotheé lsase if imports were
subject to a tariff. It is also well known that demand is ldastie in the presence of
rationing, even where the rationing applies to other markets thaontheinder study, as
noted above. The lower the demand elasticity facing those with ppower, the higher will
the price be raised above the competitive level. Banking over |dmgerperiods is an
obvious way of both stabilising the carbon price (to some extent)egiuting the impact of
the ETS on market power in the gas market.

The political advantages of the current ETS should not be underestiraatethese
need to be retained when designing the next phase to start in 2008refdreed solution
would be to agree a price for GHGs, and for the European CommissoEnwilling to sell
any demanded and not supplied by the market, or to intervene to buy back suitus Be
allowances to be allocated free should be scaled back so thatkiloé the EC having to buy
back EUAs is reduced to very low levels.

Although the flow damage schedule is essentiallyiflias been argued (most recently
by Stern, 2006) that the stock damage scheduléiealamage set in train at different levels of
CGO, concentration) could be sharply increasing beysmde point, which is an argument for
steering the carbon price to meet a cumulativekstaxget. As better information about EU
GHG supply and demand, and about the costs and benefits of reducing GbEBrmsn
arrives, so the intervention price can be modified, although thereprateably good
arguments for issuing long-term contracts for differences ompréneailing price to provide
greater certainty for low-carbon investments. There are posstbiynger arguments for
governments issuing put options on carbon to create credibility (Ismer and Neuhoff, 2006).

" Hoel and Karp (2001) examines the impact of uagest about climate change damages, while Karp
and Zhang (2004) also consider uncertainty and @&t information about the costs of abatement and
learning about the cost of global warming.
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Appendix Deriving the demand for gas by the ESI

To keep matters as simple as possible, assuméhtharrice of carbon has little effect on the
demand for electricity (compared to the demand fdvarg, and that there are two technologies,
gas and codf Assume that all gas-fired plant is equally effitidut limited in capacity,
measured big MW, so the variable cost of gas-fired plant is cons@nal plants, in contrast,
vary in efficiency, and the heat rate of the mabjplant increases with supply. Put another
way, older less efficient coal plant is placed lo@ewn the merit order and is only called after
more efficient plant. The unsubscripted heat rates mefers to coal and is a function of its
position in the merit order, with(K) the heat rate of the marginal coal plant of the nifistemt

K MW of coal plantK < K¢, the total coal capacify. The simplest such model would hay&)

= ho+ oK, (whereu has dimensions MW giving a linear increasing marginal cost schedule

The merit order will now depend on the prices of coal, gas and Elh&syvariable
(or marginal) cost of CCGT will be, as befowg,=h4(g + s). The marginal cost of coal-
fired plant is a function oK: v(K) = h(K)(c + se), which will be linear if the heat rate is
linear: v(K) = (ho + aK)(c + s&). The interesting case has some coal plant cheageigas, but
older plant more expensive, ky(Cc + s&) < hy(g + sg) < (ho+ oK*)(c + se), where ifD* is
peak demand* = D* - K,. (Other cases are discussed in Newbery, 2005) Suppose the load
duration curve is given bR(t) = b + u(1-t), wheret is the fraction of the year that demand is
higher tharD(t) MW and bothb andu are measured in MW, as shown in figure Al. Given
the capacity of CCGTD* =D (0) =b + u = K* + K4 (SOK* = b+ u - Ky).

The merit order determines how many hours each plant runs andtbegeherates
and emits. Suppose that the lowest load factor CCGT runs a fra€fioh the year, then one
possible configuration of the merit order h&s units of coal plant running on base-load,
followed byb — K; units of CCGT running base-load and the remaiphdgMW of CCGTs
running mid-merit, with the:(1-T) units of higher cost coal supplying the peak, as in figure
Al. The value oK; is such that the marginal costs of coal and gas are there equal, so

(ho K, )(C+ s@) = hy(0+ s@ ), o

_hs(g+se) ho

a(c+se) @ (A1)

K1

8 This is not restrictive, given that the emissiges unit of electricity produced is increasing for
“coal” units, so oil-fired plants can also be calesed with a suitable reinterpretation of the hatds.

% The model is simplest to understand if the eleitgrmarket is competitive, for then the merit erd
depends solely on marginal costs and not on thehiliSon of plant ownership. The model would
also work if all firms were identical in their slearof coal and gas plant under imperfect compatitio
The combination of imperfect competition and asyrmnime would complicate the analysis of
equilibrium, but not fundamentally alter the result
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Figure Al Load duration curve and generation from each fuel

The value ofT then solved + uT = K; + Ky, or T = (K1 + Kg — b/u. The total
generation of gas-fired electricity is found by geometry ffigure 1 to be the base-load and
mid-merit outputsQq = b — K + %2uT(2-T) MW years. Emissions from gas-fired plant Bge
= 8760hygyQg. Total coal-fired generation Q; = Ky + Yon(1-T)> MW vyears, but emissions
will vary with the plant dispatched, and must be found by integration:

x 8760&[ [ n@da+ [ (K* —q)h(q)qu: E(K,). (A2)

As the price of EUAs increases, so the volume of base-loadlzod| K;, decreases
as gas is favoured in the merit order, increasing its shatetalf generation and thus
displacing more carbon-intensive coal. Total emissidhss Eg+ Ec, are therefore a
decreasing function of the EUA pricg, If the supply schedule of EUAs from other sectors
supplied to the market is increasingsjrthe equilibrium value of will be determined by the
intersection of supply and demafidf the price of coal is assumed constant, then the price of
EUAs will depend on the price of gas.

Exercising market power in the gas market

The demand for gas from the ESI will depend on its price, the miccoal (which is
assumed constant and independent of demand), and the price of EUAS,isvimcturn
determined by the prices of fuels. The main question to be addliessbether the particular
form of the ETS amplifies, mitigates, or is neutral to ther@ge of market power by gas

% The qualification is that EUAs can be used ametbetween 1 Jan 2005 and 31 Dec 2007 so the
demand and supply should be thought of as 3-ydaistgelling in theory at a single price, as
illustrated in figure 1.
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suppliers. To simplify, suppose the supply of EUAs to the §S), depends on the price of
EUASs only and not on the price of gas. (This assumption can be rel&kedtchanging the
direction of the results, but at the cost of greater complexity in modellirigUhemarket.)

The ESI demand for gas 8 = 876(hyQy = Qg which is a function oK, so
dG/dg=0(dQy/dKy).(dKy/dg). For the merit order shown in Figure AdQy/dK; = -T. The
crucial derivative is therefor@dK;/dg, which from (A1) is

dK;_ 0K, 0K, ds
dg dg 0s dg

(A3)

The value ofds/dgcan be found by examining the intersection of theatel for and supply of
EUAs to the ESI. The demand for EUAs by the ESI fsirection of the price of gas and of
EUAs, E{K1(g,9}, whereas the supply is just a function of theAptice, §s). Equilibrium in
the market for EUAs is found froi(s) = E{K1(g,9}. Differentiate this totally with respect to
the gas priceg:

dsds_ 0E (0K, 0K, Is
dsdg 0K,\ dg 0s dg)

or, rearranging and simplifying

aKl/aKl

ds _ 0g 0s
dg_dS/(aE aKlj_l'

ds \0K,; 0s

This can now be inserted into equation (A3) to give

dKi_ 0Ka 1- 1 . (Ad)
dg dg 1- as/ OE 0K,
0s \0K, 0s

The various terms can now be derived from (A2p#ews:

9E . 8760&£h(K1)-1(K* - Kl)h(Kl)} 8760 h(K )T,
0K H

1

which makes use of the relatiéti-K ; = u(1-T). Given the equation fd; = 8760hyeyQg, the
full derivative is:

o0E
0K,

= 8760T (e, "(K1) - ,hg) > O. (A5)
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The termoK,/os is found from (Al) to be

0Ki_ _hg(e:9-e) _
0s  alctse)’

0. (A6)

If the elasticity of supply of EUAs to the ESls thendSds= nE/s and all the necessary
elements are now available to calculate the elasticity of ESI demagadovith the ETS:

g*zgdG :—HT gdK,

(A7)
Gdg &, dg

The elasticity without the ETS (or with the price of EUAs inelggient of the price of gas),
is found by replacingG/dgby 0G/og. The ratio of the elasticity with and without the ETS is
then given from (A4) as

* -
o| ), pe| KaR | DK, (48)
e \tge EOK1 )\ K.0s
Table 1 gives rough values for the parameters to calibratentel for Britain
(shading indicates variations).

Table 1 Parameters for calibrating the model to Britain, 2005

gas heat rate hy 2 2
coal base heat rate ho 2.5 2.63
rate of change of HR o per GW 0.02! 0.03
CO2 per MW gas & tonnes/MWh 0.2 0.2
CO2 per MW coal € tonnes/MWh 0.34 0.34
min demand b GwW 25 25
Slope of load duration u GW 30 3(
gas capacity Kg GW 20 20
coal capacity K GW 40 4(
Price of gas g €/MWh 16 16
Price of coal c €/MWh 6 6
EUA price S €/tonne CQ 20 20

Given these valueg= 0.59 and 0.29 respectively. If the elasticity of EUA supyply,
is 0.3, then the elasticity of gas demand by the ESI is reduced thich@nd one-half its
unconstrained value respectively.

The effect of an increase in gas price on the demand for @ae Iprice of) EUAS is
unambiguous. Higher gas prices move gas down the merit order (and lgadh@uration
schedule in figure Al) and reduce gas-fired generation, increasiiggi@ns and hence
increasing the demand for EUAS, raising their price and rhaggithe impact of the gas
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price rise on the price of electricity. Equation (A8) shows tha effect of carbon trading is
to reducethe elasticity of demand for gasmnplifiyingthe market power of the gas supplier.

Extensions

The model gave a direct link between the electricity price an@ribe of gas and EUAs, as
it only studied periods of excess capacity and variable cost¢ngpetitive) pricing. A more
realistic model would allow for imperfect competition, and higharkyups in period of tight
demand. Newbery (2005) discusses these and other extensions, but none cfidhge the
fundamental message of the paper.

2L As defined, the heat rate is the inverse of tieerhal efficiency, so for a CCGT of 50% efficiency
the heat rate would be 2.

2 This is not restrictive, given that the emissi@es unit of electricity produced is increasing for
“coal” units, so oil-fired plants can also be calesed with a suitable reinterpretation of the matgs.

% The qualification is that EUAs can be used ametbetween 1 Jan 2005 and 31 Dec 2007 so the
demand and supply should be thought of as 3-ydaistgelling in theory at a single price, as
illustrated in figure 1.

# There is a small effect in some hours in thatrtfaeginT will change with the change in gas and
EUA prices.
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Climate change policy and its effect on market powean the gas market

David Newbery
Faculty of Economics, Cambridge
10 November 2005

Note: This earlier version of the paper has been maced by the version of 16 August,
2006 at the top of this paper). This version has aarithmetic error in the calculation of
the mark-up now noted immediately after Table 1

Abstract

The European Emissions Trading Scheme (ETS) limits €filssions from covered sectors,
especially electricity until December 2007, after which a setvof Allowances will be
issued. The paper demonstrates that the impact of controlling thatyuatiter than the
price of carbon is to reduce the elasticity of demand for gggljfgimg the market power of
gas suppliers, and also amplifying the impact of gas price sesean the price of electricity.
A rough estimate using just British data suggests that this could ingaasearket power by
50%.
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Climate change policy and its effect on market powan the gas market

David Newbery
Faculty of Economics, Cambridge
14 November 2005

Introduction

The European Union has agreed the European Emissions Trading SchE®)eaéEits
principle means of reducing emissions of the main greenhouse gasn aioxide, CQ.
Each year from 2005 until the end of 2007 each country allocatesstaB® of its overall
allowances to eligible firms, who are then free to trade thétmin the EU. The resulting
price of an EU Emission Allowance (EUA) for 1 tonne of 6 determined by EU-wide
demand and supply of EUAs. At the end of each calendar year coveretti@sus which
the largest is the electricity supply industry (ESI), musivdelEUAs equal in total to their
recorded emissions in that year. EUAs can be held until the end of 2007, at whichraeint a
scheme starts and the old EUAs become worthless.

EUA price

Euro/t CO2

o“ e Qb‘ & 0‘9 NG é”

& 0"0"’6”"’0‘06’36’0"’@6”,@6”&§>o‘°®

¥ 6‘f$\/o§ Qé?’b’bé B SN SIS RS
F S F S X AR R W o F OO
B P S \,@ o R R N

Figure 1 The EU price of CQ valid for 2005-2007 (Source: EEX carbon index)

The market for EUAs has been volatile, as figure 1 shows. Marethe price of
EUAs can be expected to feed through to the wholesale priceatfigty in a competitive
market, although where final prices are regulated, the poiglel e held down to offset the
windfall profits earned on the allocated EUAs. Some evidence lieaEUA price does
indeed feed through to the wholesale price is provided by figure 2hwhiows the spark
spread in various markets and the cost of the @fitted per MWh of electricity produced in
a combined cycle gas turbine (CCGT) of 50% efficiency. (Theksgaread is the base-load
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price of electricity for the month ahessksthe cost of the gas needed at 50% efficiency to
generate that electricity, and is a measure of the gro§is needed to cover fixed and capital
costs of generation).

Spark spread month ahead 50% efficiency

35

NL
K e e e T Ce e S

—DE

o5 —UK o
= EUA cost

Euros/MWh

1-Sep-02
1-Dec-02-
2-Mar-03
1-Jun-03-
30-Nov-03
29-Feb-04
30-May-04-
29-Aug-041
28-Nov-04+
27-Feb-05+
29-May-05+
28-Aug-05

Figure 2 Spark spread and carbon cost in various Elharkets (Source Platts)

The striking point that figure 2 hints at is that the price of tetéty has risen
dramatically in EU countries since the start of emissiordintga Between December 2004
and March 2005 weekly average European base-load prices rosehawordoubled from
about 35 €/ MWh to over 70 €/ MWh, prompting a spate of coniglaim the European
Commission, who in response announced a sectoiryngto gas and electricity in June 2005
(European Commission, 2005).

A considerable part of the price rise could be attributed to a shagagecin the price
of gas, which increasingly sets the peak price in many EU cean¥ear-ahead peak prices
in Britain rose from about 50 €/ MWh in December 2004 to over 90 €/ MWhulyy2D05
(Platts). However, the European Commission was sceptical tharitdeeincrease could be
attributed to the normal functioning of competitive fuel markets awoieéd that network
operators favoured their affiliates, that there was littlespparency about available capacity
and that access charges to gas networks did not appear to cefiext This raises two
guestions — how much of the electricity price rise was causdaebgxtra (opportunity) cost
of CO,, and to what extent did the presence of the ETS aggravate ¢t afimarket power
in gas markets?

The impact on wholesale prices of the obligation to hold EUAs eqtiaé temissions
from 1 January 2005 is shown by subtracting their opportunity cost frerspiark spread in
figure 3. The visual interpretation is that after an initiaiqueof adjustment the gross profit
margin has returned to where it had been, suggesting that most all of the EUA
opportunity cost has been passed through into the wholesale price.
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Spark spread net of EUA

Euros/MWh

1-Jun-02
31-Aug-02 -
30-Nov-02

1-Mar-03 -
31-May-03
30-Aug-03-
29-Nov-03-
28-Feb-04
29-May-04 -
28-Aug-04 -
27-Nov-04 -
26-Feb-05+¢
28-May-05
27-Aug-05

Figure 3 Gross profit of CCGT after paying for fuel and carbon (Source: Platts)

The price of EUAs is determined by supply and demand, and both depend on the
extent to which the ESI can substitute less carbon-intensivelikelgas for more carbon-
intensive fuels like coal though changes in the merit ordethdgrice of carbon increases,
S0 gas becomes more attractive relative to coal and gas dernibmtwase, reducing the
need for EUAs. More to the present point, as the price of gas sesrethe value of EUAs
increases, as the demand from coal-fired generation will serdamand for EUAs. While
the international market for coal is reasonably competitive,sémee is not true for gas,
particularly in Europe, which is heavily dependent on importing Rusg#émn from the
monopoly supplier, Gazprom. In addition, gas producers and suppliers in thavieunore
market power than the suppliers of other fuels, and are frequemtiyallg integrated into
electricity generation. There are therefore grounds for coribat the particular way climate
change policy works in the EU through pricing a fixed supply oA&UWnay amplify the
existing market power in the gas market. This paper arguesubhtconcerns should be
taken seriously, and that these provide additional good reasons to moveframagp
guantity-determined climate policy to a price-based approach.

A simple model of pricing EUAs

To gain some insight into possible mechanisms, consider a veriegimpgel in which the
price of EUAs is dominated by supply and demanchfthe electricity supply industry, in the
following way. Suppose that the prices of coal andagaset on world markets and that the cost
of coal isc (E/MWh of fuel) and of gas ig. The heat rate for fudl(f = c, g) is hy (MWh of

fuel per MWh of electricity generated, or MWhe) so that théatée fuel cost (per MWh) is
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h.f €/MWh.2> The fuel prices are initially such that the variable geiwratost using coal is
less than gagh: < ghg. Emissions (tonnes Grer MWh of energy content of fudl)s &, so
emissions per MWhe of electricity generated willlge. If the price of EUAs iss €/t, the
variable cost, including the opportunity cost a¢ tBUAs, will bev; =h:.(f + sg) €/ MWhe. For
the moment consider periods of the year in whiehetlis enough gas and coal capacity to drive
the wholesale price down to the variable cost okgation, but not enough coal capacity alone
to meet demand then. If in such periods the pricelextricity isp and both technologies are
required to meet demand, then the price of EldAand of electricityp, must be such that

p=h (c+es)=h(g+es). (1)
or
h g-h
g= 09TE 0
hcec-hgeg

It follows that the price of electricity is

p= a0 -60) 3)

and that the impact of gas prices on electricitygzris amplified, as

d hh e 1
Po_wE> op >h, . (4)
dg h.e.-hye 1-hyey /h e

The partial effect of gas prices on electricity psitiolding the price of EUAs constant is jugt
so the effect of the feedback through the market for Eldgs/en by the bracketed term, which
magnifies the effect. To put some numbers on thpsse thabhg is 2, h; is 2.65,e. = 0.34
tonnes C@MWh andgy = 0.2 tCQ/MWh, then the multiplication factor will be 1.8 ropared
with a market in which the price of gas does nig#chfthe price of EUAs. Interestingly, if coal
becomes more efficient relative to gas the mudirpincreases. Thuslig were to fall to 2.5 the
multiplier would become 1.9.

This has interesting implications for the profifsgeneration companies. Suppose that
their baseline output @ and they are allocatdge.Q EUAS, whereh,g, is an average emission
factor per MWhe corrected by the amount of covefagge 95%). The profit of the company if
it sellsq units of electricity is

M =pg+ sh e, Q-h,(g+se)aqg-h.(c+se)ld-a)g=she.Q, (5

% As defined, the heat rate is the inverse of tieerhal efficiency, so for a CCGT of 50% efficiency
the heat rate would be 2.
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during those periods when the arbitrage equatiphdts (and assuming no inframarginal coal
or gas plants) (where is the share of generation from gas during thieoge Again from the
price equation (2) for EUAs

(;I_I‘I _&hQ | ©)
g he.-h; e
so profits rise with the price of gas. This migliweggenerating companies owned by gas
suppliers (e.g. Gas Natural in Spain) an extra itnero raise the price of gas (although an
individual EU gas company might not have as mucfaio as a major player like Gazprom).
Again, to put some numbers on this, suppose tleab#iseline allocation is 95% and that the
initial share of coal is 80%, thépe, = 0.722 tC@MWhe and the multiplier o in (6) is 1.6.
Another way to examine the incentives to raise gaepis to examine the demand for
gas by the ESI as a function of the EUA pren this overly simple model, at least during
hours when there is excess capacity and variabtepcioghg, coal and gas plants are perfect
substitutes, with the price of EUAs set by the @val gas prices according to (2). Equilibrium
in the market for EUAs will thus depend on the syjmb EUAS to the ESI, as in figure 4.

,,,,,,,,,,, i S W - .y _______
Q
c 1 AY
s AR <«—— Supply from non-ESI sector
— A A Y
oL O —— e _______
£ : t .
3 Y with higher
w YA B c -
8 e AN \_gasprices
S f (IR
) ~ ~
E Max gas generation Max coal generation ™~ ~
(@ T et e = Ml e B —
OJ AN
(8] . . AN
= fuel mix determines gas demand.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

EUAs tonnes CO2

Figure 4 Supply and demand of EUAs in the electrity supply industry

The flat section of the demand for EUAs by the E&BC, shows the range of
combinations of coal and gas-fired plant that jsatde of meeting demand during these hours,
with low emissions requiring all CCGTs to run, af &nd point C corresponding to the
minimum gas use and maximum coal use. The actuabo@ for gas will be set by the
intersection of the supply of EUAs from the restief economy at point B.

From (2),ds/dg> 0, so if the price of gas increases, the wheleahd schedule moves
up, as in figure 4, and the equilibrium shifts fr@mo D, which reduces the demand for gas as
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coal substitutes for gas (point D is closer tortteximum coal end of the horizontal part of the
schedule. It is not immediately clear whether thirect effect on the demand for gas makes
the demand for gas less elastic than without th®, Bhd hence amplifies the market power of
gas producers, or not. To investigate that we agedre articulated model of the ESI.

A more realistic model

The simple model has a number of obvious drawbaok#at it only considers periods of

excess capacity and pricing at variable cost. Whi&es a very direct link between the price of
electricity and the prices of the fuels and EUAsIdes not provide a very helpful view of the

demand for gas, and it only applies to part ofytear. As the carbon price is determined by
annual demand and supply it is important to extéedniodel to cover with varying levels of

demand, and in so doing it is possible to develapee realistic model of the demand for gas,
which is our central concern.

To keep matters as simple as possible, assume ¢hatite of carbon has little effect on
the demand for electricity (compared to the dem#éordcarbon), and that there are two
technologies, gas and c3lAssume that all gas-fired plant is equally effiti®ut limited in
capacity, measured It§y MW, so the variable cost of gas-fired plant is const@nal plants, in
contrast, vary in efficiency, and the heat ratéhef marginal plant increases with supply. Put
another way, older less efficient coal plant iscpthlower down the merit order and is only
called after more efficient plant. The unsubscrigitedt rate now refers to coal and is a function
of its position in the merit order, with(K) the heat rate of the marginal coal plant of thestm
efficient K MW of coal plantK < K, the total coal capacity. The simplest such medsild
haveh(K) = hy + aK, (Wherea has dimensions MW) giving a linear increasing marginal cost
schedule.

The merit order will now depend on the prices of coal, gas and Elh#svariable
(or marginal) cost of CCGT will be, as beforg,=hy4(g + s). The marginal cost of coal-
fired plant is a function oK: v(K) = h(K)(c + se), which will be linear if the heat rate is
linear: v(K) = (ho+ aK)(c + se&). The interesting case has some coal plant chelageiggs, but
older plant more expensive, lJ(Cc + s&) < hy(g + sg) < (ho+ oK*)(c + s&), where ifD* is
peak demand<* = D* - K. (Other cases are discussed in the Appendix.) Suppose the load
duration curve is given bR(t) = b + x(1-t), wheret is the fraction of the year that demand is
higher tharD(t) MW and bothb andx are measured in MW, as shown in figure 5. Given the
capacity of CCGTD* =D (0) =b + u = K* + K4 (SOK* = b+ p - Ky).

% This is not restrictive, given that the emissiges unit of electricity produced is increasing for
“coal” units, so oil-fired plants can also be caiesed with a suitable reinterpretation of the matds.
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Figure 5 Load duration curve and shares of generatin from each fuel

The merit order determines how many hours each plant runs andtbegeherates
and emits. Suppose that the lowest load factor CCGT runs a fractibthe year, then one
possible configuration of the merit order h&s units of coal plant running on base-load,
followed byb — K; units of CCGT running base-load and the remaipingMW of CCGTs
running mid-merit, with the(1-T) units of higher cost coal supplying the peak, as in figure 5.
The value oK; is such that the marginal costs are there equal, so

(hot aK,)(c+sa)=hy(@+sq),

or

_hs(g+se) ho
a(ctse) a

(7)

The value ofT then solved + uT = K; + Ky, or T = (Ky + Kg — b/u. The total
generation of gas-fired electricity is found by geometry ffgure 1 to be the base-load and
mid merit outputsQq = b — K + ¥%2uT(2-T) MW years. Emissions from gas-fired plant Bge
= 8760hyeyQq. Total coal-fired generation Q; = K; + You(1-T)® MW years, but emissions
will vary with the plant dispatched, and must be found by integration:

E.= 8760&[ [ h(q)dq+% [k~ _q)h(q)dq} Eo(K)). ®)

As the price of EUAs increases, so the volume of base-loaglzod|K;, decreases
as gas is favoured in the merit order, increasing its shatetaf generation and thus
displacing more carbon-intensive coal. Total emissidhss Ej+ E, are therefore a
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decreasing function of the EUA pricg, If the supply schedule of EUAs from other sectors
supplied to the market is increasingsjrthe equilibrium value of will be determined by the
intersection of supply and demafidf the price of coal is assumed constant, then the price of
EUAs will depend on the price of gas.

Exercising market power in the gas market
The demand for gas from the ESI will depend on its price, the miccoal (which is
assumed constant and independent of demand), and the price of EUAS,isvimcturn
determined by the prices of fuels. The main question to be addliessbether the particular
form of the ETS amplifies, mitigates, or is neutral to ther@ge of market power by gas
suppliers. To simplify, suppose the supply of EUAs to the §S), depends on the price of
EUASs only and not on the price of gas. (This assumption can be rel@&kedtchanging the
direction of the results, but at the cost of greater complexity in modellifgUhemarket.)
The ESI demand for gas 8 = 876(hyQy = 0Qy, which is a function oK, so
dG/dg=0(dQy/dKy).(dKy/dg). For the merit order shown in Figure &Qy/dK; = -T. The
crucial derivative is therefordK,/dg, which from (7) is

dKi_ 0Ky, 0K, ds
dg dg 0s dg

9)

The value ofds/dgcan be found by examining the intersection of thmatel for and
supply of EUASs to the ESI. The demand for EUAs liy ESI is a function of the price of gas
and of EUAs,E{Ki(g,9}, whereas the supply is just a function of the Algrice, Xs).
Equilibrium in the market for EUAs is found fro8{s) = E{ Ki(g,9}. Differentiate this totally
with respect to the gas priag,

a5 ds_ 0E (0K, 0Ky ds
dsdg 0K,\ dg 0s dg)

or, rearranging and simplifying

aKl/aKl

ds_ og O0s
dg_as/(aE aKlj_l'

0s \0K, 0s

This can now be inserted into equation (9) to give

" The qualification is that EUAs can be used ametbetween 1 Jan 2005 and 31 Dec 2007 so the
demand and supply should be thought of as 3-yéalstselling in theory at a single price.
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dKl - a Kl 1_ 1 ) (10)
dg dg 1- as/ OE 0K,
0s \0K, 0s

The various terms can now be derived from (8) Bovits:

0K, H

which makes use of the relati&ti-K ; = n(1-T). Given the equation fdg; = 8760hyeyQg, the
full derivative is:

oE

1

= 8760T (e, "(K1) - ,hg) > O. (11)

The termoK,/os is found from (7) to be

0s a(c+ se)

If the elasticity of supply of EUAs to the ESls thendSds= nE/s and all the necessary
elements are now available to calculate the elasticity of ESI demagadovith the ETS:

g*:gdG _—6I gdK,

(13)
Gdg &, dg

The elasticity without the ETS (or with the price of EUAs inelggient of the price of gas),
is found by replacingG/dgby 0G/og. The ratio of the elasticity with and without the ETS is

then given from (10) as
E_: ,7 ’ (05 KlaE -ﬁKl . (14)
£ n+e EOK, \ K,0s

For example, if we roughly calibrate this for Britain in 2005hwilhe parameters
shown in table 1.
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Table 1 Parameters for calibrating the model to Briain, 2005

gas heat rate hy 2

coal base heat rate ho 2.5

rate of change of HR a 0.025 per GW
CO, per MW gas € 0.2 tonnes/MWh
CO, per MW coal (R 0.34 tonnes/MWh
min demand b 25 GW

Slope of load duration u 30 GW

gas capacity Kg 20 GW

coal capacity Ke 40 GW

Price of gas g 16 €/ MWh

Price of coal c 6 €/ MWh

EUA price S 20 €/tonne CQ

Given these valuesp = 0.55. If the elasticity of EUA supply), is 0.1 then the
elasticity of gas demand is reduced to two-thirds its unconstrairled, \@nd the Lerner
Index (the markup as a fraction of the price) will be increbyesl0%. Note — the elasticity
is actually reduced to 15% of its former value andthe Lerner Index increases by a
factor 6.5 — see the discussion in the version otigust.]

The effect of an increase in gas price on the demand for @raeIprice of) EUAS is
unambiguous. Higher gas prices move gas down the merit order (and lgadh@uration
schedule in figure 5) and reduce gas-fired generation, increasmgsions and hence
increasing the demand for EUAS, raising their price and rhaggithe impact of the gas
price rise on the price of electricity. Equation (14) shows that the effeerlodn trading is to
reducethe elasticity of demand for gasnplifiyingthe market power of the gas supplier.

Policy implications

The amplification of market power works through the impact on the prie&€As, which, as
gas prices rise and lead to coal substituting for gas, raissiens and hence the price of
EUAs, which in turn favours gas, offsetting the normal market ddmasponse to an
increase in the price of gas. As the EU gas market is thaaghe less competitive than
either the electricity or coal market, and as Gazprom gléad some market power, it seems
desirable to find ways of addressing climate change withadeglRating these other market
failures, particularly where the result is not just a redistron of income between gas
companies and consumers within the EU (as well as extra de&dvi@sges) but also an
increased transfer to gas producers outside the EU.

The obvious solution is to cut the link between the demand for EUAs amtiogi
by fixing the price of the EUAs. This could be done either byEhpean Commission (or
some body) being prepared to buy and sell any number of EUtke dixed price, or by
replacing the ETS by a fixed carbon tax per tonne of carbon burhedioimer is likely to
be politically more attractive than the latter, and can be rmasle positive or neutral to the
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EC by suitable reductions in the allocations of EUAs each yeaimBar proposal termed
the “safety valve” is discussed by Jacoby and Ellerman (2004)..

There are additional arguments for setting the price of carbonlandng the market
to determine emissions, rather than setting the quantity and radjdiae market to determine
the price, all deriving from the insights of Weitzman’s seminal papgrices vs. quantitites.
Weitzman (1974) started a lengthy debate by obsenviagin the presence of uncertainty,
permits are only superior to taxes if the margiraldiit schedule had more curvature than the
marginal abatement schedule. This might be the i€asarginal damage were low until some
threshold level, at which point it suddenly increases.niost pollutants the marginal abatement
cost schedule is fairly flat and low for modest abatementises rapidly as a higher fraction of
emissions is to be curtailed, arguing for taxeserathan quotas. The damage contributed by
emissions today is effectively the same as thosetmw, and so the marginal benefit of
abatement is essentially flat at each moment, whédamarginal cost of abatement rises rapidly
beyond a certain point.

The scale of the hazard of global warming is vergeutain, as are the future costs of
reducing carbon intensity. All these provide addi#il arguments for a carbon tax (or fixed
price) rather than tradable permits. Hoel and KarpX2@xplore this question more carefully in
a calibrated linear-quadratic dynamic model of dleteming and confirm this claim robustly.
Karp and Zhang (2004) extend the analysis, taking acaduné stock nature of G@missions
and uncertainty about costs, but also taking adcoluasymmetric information about the costs
of abatement and learning about the cost of glalzaming. Again they find that taxes are
superior to quotas or tradable permits.

Extensions

The simple model gave a direct link between the electricityepaitd the price of gas and
EUASs, as it only studied periods of excess capacity and vareaste pricing. The more
realistic merit order model can derive the impact of gagpmn variable costs for each level
of demand, but needs an extension to properly model the impact on #gjeptraes. A more
complete model would also look at the recovery of fixed costs via the conditionso&inof
entry and the required reserve margin, which will affect the whtdeprice. During periods
when the price is dominated by the variable cost (low price penbddsxcess supply,
covering in figure 5 the lowest fractidnof the year), the effect is straightforward:

dvy ds

—=h, A+ e,—).

The first term is the direct impact of gas prices on théalbkr cost, which should feed
directly through to the wholesale price, but as in the first inbeeeffect is magnified by the
second term, which is positive. The same is true for the most ex@dn§ fraction of the
year in figure 5, when coal is at the margin. There will beadditional terme..ds/dg
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increasing the effect (which would otherwise be zero, as the saal-plant would be at the
margin in the top IF fraction of the year}®

The impact on wholesale prices will be made up of the impact on the variable cost and
on the capacity charge. If CCGT were the preferred investménteband after the price
change there should be no effect on the capacity cost and hence gtrdteapacity charge
in the wholesale price. If gas prices are so magnified by Titetkat coal becomes preferred,
then capacity costs would be higher and the capacity charge maigdto increase. Whether
this is likely might depend on the response of gas suppliers. One¢heaod, the demand for
gas has been made less elastic by the ETS, allowing gasessipplraise prices more for a
given reduction in gas, and so arguably making it less likelygasitsupplies would fall so
much as to require coal to displace gas for new investment. Onhigrehaind, governments
may feel that to counter the increased market power of gas ssppbeat should be favoured
by the system of allocating new EUAs. If the EUA priceeveapped that argument might be
more effectively countered.

Conclusions

The ETS restricts total emissions of £&nd determines their price (until 2007) by market
trading. As a result the price is volatile (although tradingvben years reduces this volatility
somewhat. This volatility is costly in a variety of ways, nest in making investment
decisions more risky and therefore the cost of capital highereTdre powerful arguments
for preferring a climate change policy that stabilisesptiee of EUAs (or greenhouse gases,
GHGs, more generally), based on the stock nature of GHG enmsssind given uncertainties
and ignorance about the nature of the costs of mitigation and aiteliohange. This paper
has advanced an additional argument in favour of setting the priE6Ad rather than the
guantity, in that C@ quotas rather than taxes amplify the damaging effects of iegper
competition in the gas market.

It is well-known that tariffs and quotas are not equivalent in thegmce of imperfect
competition in domestic markets (Bhagwati, 1965), and that underntgrtéariffs are
superior (in the strong sense that an optimal tariff would berbiian the optimal quota).
The reason is simple — a binding quota limits imports of competing giodnd makes the
residual demand facing the home supplier less elastic than wotheé lsase if imports were
subject to a tariff. It is also well-known that demand is ldsstie in the presence of
rationing, even where the rationing applies to other markets thaméander study (Neary
and Roberts, 1980). This in turn is an illustration of the Le Chatefiaciple that constraints
reduce the elasticity of response, as noted by Samuelson (1947)tamat $e standard
textbooks (e.g Varian, 1984, p56). The same applies if the quantityAd 5 fixed, as this
reduces the elasticity of demand for gas and enhances the pankat of those selling gas,
including large foreign suppliers such as Gazprom.

% There is a small effect in some hours in thatrtfaeginT will change with the change in gas and
EUA prices.
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The political advantages of the current ETS should not be underestiraatethese
need to be retained when designing the next phase to start in 2008refdreed solution
would be to agree a price for GHGs, and for the European Commissoenwilling to sell
any demanded and not supplied by the market, or to intervene to buy back suitus Be
allowances to be allocated free should be scaled back so thatktloé the EC having to buy
back EUAs is reduced to very low levels. There may then lm®d case for eliminating the
discontinuity at the end of 2007 by extending the price-setting mischainto the first
period. As better information about EU GHG supply and demand, and abouwstseand
benefits of reducing GHG emissions, arrives, so the interventiae gan be modified,
although there are probably good arguments for issuing long-term contradiféei@nces on
the prevailing price to provide greater certainty for low-carbon invesgment
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Appendix Other configurations of the merit order

If the price of gas is low enough, then gas will run base-loaatdeaiy coal. The condition
for this is given byK; in (7) being zero or negative, or

g< ho(C+ sa) -sq

(A1)
hg

In this case, total gas-fired generation and total emissioo® fgas will be
independent of the price of gas and the EUA price until condition (Adipiiated, in which
case we return to the case discussed in the text. Over thasnaige of (low) gas prices, the
EUA price would not respond to the price of gas and hence the antiiiedfect discussed
in the paper would initially be absent.

As the price of gas rises further, so Vil until it exceedd as shown in figure Al.
This complicates the derivation of responses, as there are nowavgins for gas, but it
does not alter the conclusion, which appears remarkably robust.

Omarginal coal

Demand and c%gacity MW

fraction of year demand greater than

Figure Al Gas entirely off base-load

At even higher prices of gas gas-fired generation might move tlwsvmerit order (i.e. run
less and appear at the top of the load duration curve), but as lefdieks in the chain of
reasoning between gas price, gas demand and the mitigagegtafough the price of EUAS

will continue (but with different numerical values). The volume a$-§red generation will
be

+b-K;-3K
Qg= Kg(l'%(T"'M)): Kg(’u P 9]1 (A2)
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As before,dG/dg=9(dQy/dK,).(dKi/dg). For the merit order shown in Figure Al and from
(A2), dQy/dK; = Ky /u, which has the same sign as, and is similar ®pnikrit order case of
figure 5, wheralQy/dK; = - (K1 + Kg — b)/u. The effect on the ratio of gas demand elastgitie
remains @Ky/dg)/(0K1/0g) and this is not affected by the form @f, although the terms in
(14) will need to be recomputed. Using the samehrtiepies as beforegE/oK; =
8760e:h(K1)Kg/u, so OE/OK: = 876Ky/u{eh(K1) - hgegt > 0. This is the same as (11)
multiplied byKg/uT. As the formula fobK4/0s is unchanged, the value @fis also multiplied
by K¢/uT, which with the parameters of Table 1 is slighégs than 0.5 (although of course,
the gas price would have to change, and that walstnl have an effect). In general one would
expect the elasticity to be less affected by theSEBE gas became a smaller share of
generation.

M gas output

O coal output

Demand, D(t)

0 1-T 1
t fraction of the year demand greater than

Figure A2 CCGT mid merit and peaking

The situation shown in figure A2 again Hasdetermined by (7) (assuming that the solution
K1 =K¢) but the amount of gas capacity actually needgqdisT) = Kq so thatT = (b —
Ky)/p. Gas-fired output i€y = Yon(1-T)? so thatdQy/dK; = (1-T), which this time is positive.
However, 0E/OK; = 8760(17){eh(K1) - hgegt > O, this time multiplyinge by (1- T)/T.
Qualitatively, the results do not change, althotlghchanging gas prices needed to produce
these configurations will affect the numerical fesu
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