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The European Union has introduced directives that aim to liberalize and integrate electricity and gas markets in
Western Europe. While progress has been made, there have also been setbacks, partly because of concerns about
national interests and security of supply. This may call for an EU medium-term strategy to implement and enforce
liberalizations in only selected parts of the energy industry. We use a numerical model to assess what types of lib-
eralization – electricity vs. natural gas; domestic markets vs. international trade – aremost influential in decreasing
prices and increasing welfare in Western Europe. As part of identifying effects of different types of liberalizations,
we present amethod for calibrating themagnitude of deviations from the hypothetical competitive outcome in dif-
ferent parts of the energy industry inWestern Europe.Wefind that a liberalization of electricitymarkets has greater
quantity andwelfare effects than a liberalization of gasmarkets, and that liberalizations of domestic energymarkets
have (overall) greater effects than liberalizations of trade in energy betweenWestern European countries. Finally,
the short-run effects essentially parallel the long-run effects, though they are significantly smaller.
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1. Introduction

The gas and electricity industries in Western Europe have long been
characterized by inefficiencies and a lack of competition, which aremain-
ly due to legal monopolies in production, natural monopolies in domestic
transport and distribution networks, and limited international trade. Con-
sequently, a liberalization – ormore precisely a reregulation – of these in-
dustries has been on the political agenda for the last couple of decades.

Some of the first reforms were seen in England and Wales around
1990, using unbundling and privatization of supply and distribution
of gas and electricity to enhance competition: see, for example,
Newbury (2006). Related reforms followed in a number of countries
(see Sioshansi and Pfaffenberger, 2006), and the European Union
(EU) soon became the major driving force in liberalizing the energy
markets of Western Europe: the first proposals and directives
appeared in the late 1980s, and a major milestone was reached
in the late 1990s with the issuance of updated directives on the
establishment of competitive (“internal”) markets for electricity and
natural gas. Whereas progress has been made,1 the transition to a
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lombek),
frisch.uio.no (S.A.C. Kittelsen).
nergy market directives: Euro-

rights reserved.
single, competitive, Western European market has been partial and
incremental.2 In particular, there have been setbacks due to concerns
about national interests and energy security: according to the
European Commission's, 2010 benchmark report, in several EU coun-
tries the wholesale natural gas market is dominated by a few compa-
nies, and there are end-user price regulations in the majority of the
EU member states.

It seems reasonable that also future liberalization progress will be
partial and incremental, and will continue to face entrenched indus-
trial interests, transnational conflicts of interest, and energy security
concerns. If welfare is important to policy makers this calls for prior-
itized efforts, where sector-specific policies for the Western European
energy markets that improve welfare significantly should be identi-
fied and implemented first.

In developing the political priorities, we believe that an empiri-
cally based model of the Western European energy markets can pro-
vide important insights. Such a model allows us to take account of
market interactions that make models focusing on smaller areas,
for example, a single country, or a single energy carrier, misleading.
Similarly, it allows us to distinguish between short-run and long-
run effects: initially, policy X may seem better than policy Y, but
the effects of X may dampen after a few years by counteracting
mechanisms while policy Y may deliver increasing benefits in the
long run. Taking such effects into account, in the present paper we
2 See, for example, Commission of the European Communities (2005a, 2005b), Euro-
pean Union (2005) and Lohmann (2006).
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3 The energy market structure can be seen as the outcome of interest groups fighting
for their own interest and politicians weighing the well-being of different groups.
Grossman and Helpman (1994) examines how special-interest groups make political
contributions in order to influence their net benefits.
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compare policies that differ in two dimensions: those focusing on
liberalization of domestic energy markets versus those that focus
on liberalization of energy trade between EU countries, and those fo-
cusing on liberalization of electricity versus those focusing on liber-
alization of natural gas markets.

In order to study numerically different types of liberalization, we
have developed a detailed, empirically based, multi-market equilibri-
um model LIBEMOD MP, in which each Western European country
produces, trades and consumes a number of energy goods. Through
an extensive calibration procedure we identify “sectoral deviation pa-
rameters” that reflect the extent to which factors like regulations and
monopolies distort the various energy markets away from the com-
petitive equilibrium. The basic idea of the calibration is described in
Section 2. By selectively removing various sets of deviation parame-
ters, we can assess the effects of successfully liberalizing different en-
ergy sectors in Western Europe, and trace the consequences this
would have for overall efficiency and welfare. While the calibrated
values of the deviation parameters are important for the magnitude
of the results in this article, identification of the exact sources of dis-
tortion is not of importance.

This paper examines different partial liberalizations of the West-
ern European energy markets; domestic markets versus EU trade,
and electricity versus gas. For our methodology to be valid the nu-
merical model needs to reflect the basic underlying economic reali-
ties. LIBEMOD MP covers Western Europe, that is, all EU members
in Western Europe plus the EFTA countries Norway and Switzerland.
All Western European countries trade in electricity and gas through
transmission lines/pipes, in markets that are non-competitive (prior
to the liberalizations), while the markets for coking coal, steam coal
and oil are international and competitive. In each model country,
electricity can be produced by a number of technologies at hetero-
geneous plants using various fuels and with differing energy effi-
ciencies. In addition, there is intra-fuel competition between, for
example, gas as an input to electricity production and gas as a good
demanded by end users. LIBEMOD MP contains a detailed descrip-
tion of electricity producers, who are modeled as profit-maximizers
subject to a number of technical constraints. In order to capture the
variation in demand for electricity over the year, there is trade in
electricity in 12 periods. Sections 3 and 4 give a description of the
model and data.

We find in Section 5 that a liberalization of electricity in general
has greater quantity and welfare effects than a liberalization of gas,
and a liberalization of domestic energy markets has for most variables
greater effects than a liberalization of trade in energy between West-
ern European countries. In particular, a liberalization of domestic
electricity markets increases production of electricity significantly,
leads to a significant redistribution from producers to consumers,
and increases total welfare. The liberalization of international trade
in energy in Western Europe has only a small impact on quantities
and prices, yet the liberalization of international transmission of gas
redistributes a huge amount of economic surplus from the transmis-
sion companies to the gas resource owners.

The different impacts on natural gas and electricity markets reflect
the fact that natural gas is an exhaustible scarce resource and thus has
limited scope for increased production in the long run. Therefore,
natural gas liberalization has a greater effect on the distribution of
surplus than on total welfare. Electricity, however, is a produced com-
modity and the quantity can be expanded considerably without large
unit-cost increases.

We find that the short-run liberalization effects essentially parallel
the long-run effects, though they are significantly smaller. Our simu-
lations also suggest that the order of liberalization has only a minor
impact on the effects of the partial liberalizations. Finally, Section 6
sums up our main results and provides a short discussion on total
welfare effects of Western European energy market liberalization
when the impact on emissions of CO2 is also taken into account.
2. Modeling market imperfections

2.1. Cournot vs. conjectural variation

Traditionally, the natural gas and electricity industries in all West-
ern European countries have been subject to various government reg-
ulations and controls. These regulations significantly affected all
levels of the industries — extraction, production, import, transport,
distribution and prices. The standard approach in economics in
modeling market imperfections is to assume a market structure char-
acterized by monopoly, oligopoly or a (cost-minimizing) cartel. Fre-
quently, oligopoly is modeled as a non-cooperative Cournot game:
that is, agents choose quantities simultaneously. This leads to an equi-
librium in which quantities, and thus also the market price, lie be-
tween the competitive outcome and the monopoly solution.

It seems plausible that the presentWestern European energy mar-
ket outcome is somewhere between the competitive equilibrium and
the monopoly solution. Yet, because of substantial government regu-
lations in the energy industry, there is no particular reason to believe
that the outcome is identical to (or even close to) the Cournot solu-
tion, which is just one of an infinite number of outcomes between
the competitive equilibrium and the monopoly solution. Thus, if the
task is to study a policy change – for example, how an imposed ener-
gy or environmental tax will affect Western European energy markets
– it is implausible that the Cournot model will mimic the real changes.
As long as the market structure in Western European energy markets
is characterized not only by strategic behavior that tends to lower
production (this effect is captured by the Cournot model), but also
by factors such as government regulations to protect consumer inter-
ests, measures to ensure security of supply, foreign policy consider-
ations, horizontal and vertical integration, as well as international
bargaining over the (producer) price of natural gas, application of
the Cournot model may provide bad predictions with respect to
changes in policy instruments and market structure (e.g., liberaliza-
tion of energy markets). 3

In addition, in the energy industry some agents that are buyers in
the fuel markets (e.g., the power producers) will be sellers in another
market (i.e., the electricity market), and these agents may be large
enough to have market power in both markets. It is not obvious
how the Cournot conditions should be applied in such a multi-
market game, and how one could potentially take account of second-
ary market feedbacks.

It may also be hard, or not even feasible, to find the equilibrium in
a Cournot game. Typically, papers examining Cournot games for ener-
gy industries assume that there is a simple demand function/system
for a single good: see Golombek and Bråten (1994), Bråten and
Golombek (1998), Egging and Gabriel (2006) and Holz et al. (2008).
It is then easy to find the first-order conditions for the strategic
agents, and these are used to find the equilibrium. In the present
paper we have demand from various agents with different behavioral
assumptions. For example, some agents demand energy as inputs in
electricity production, and these agents are modeled with a set of
first-order optimum conditions that are solutions to their own
profit-maximization problems, and where corner solutions often ap-
pear. The resulting demand system cannot be differentiated, and
thus we are not in a position to specify the first-order conditions for
Cournot players.

An alternative approach to the Cournot model is to let data deter-
mine type and degree of market imperfections. This is possible when
applying the theory of conjectural variation, whereby each agent con-
jectures how an increase in own production would be met by
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changed production from the competitors. Let p(∑xj) be the inverse
demand function where∑ xj is total production, and let xi be produc-
tion from agent i. Hence, the income of producer i is p(∑xj)xi, and a
marginal increase in production from agent i will change his income

by pþ dp
d ∑xj
� �d ∑xj

� �
dxi

xi. Here,
d ∑xj
� �
dxi

is the conjectural derivate:

the expected change in total production as a response of a marginal
increase in own production. It can be shown, see Varian (1992),
that if all agents believe that an increase in own production
(dxi N 0) will not lead to any response from the competitors

(dxj = 0 for j ≠ i), that is,
d ∑xj
� �
dxi

¼ 1, then the Cournot solution is

the outcome. Further, the competitive equilibrium can be shown to
be the outcome if all agents believe that an increase in own produc-
tion (dxi N 0) will be exactly counteracted by the competitors

∑
j≠i

dxj ¼ −dxi

 !
, that is,

d ∑xj
� �
dxi

¼ 0. In principle, data can be used

to calibrate the sizes of the conjectural variations and hence deter-
mine market structure: see, for example, Dixit (1987).

In order to apply the theory of conjectural variation, one must be
able to differentiate the inverse demand function p(∑xj). However,
above we explained that in our model the demand system for elec-
tricity producers cannot be differentiated. Below we show that
there is a way around this problem, and our method of modelingmar-
ket imperfections (in electricity production) is closely related to the
theory of conjectural variation.

In our numerical model, the market structure initially deviates
from perfect competition in the following sectors:

• electricity production;
• domestic electricity retail and gas retail;
• international transmission of electricity and gas.

Below we explain how deviation from perfect competition has
been modeled in these sectors. We also explain how we identify the
effects of a change in the market structure from a non-competitive
outcome to a competitive equilibrium for a sector, that is, the effects
of a partial liberalization.

2.2. Market structure — electricity production

Assume that there is perfect competition in production of electricity.
Then the difference between (i) the price of electricity obtained by a
producer and (ii) the sum of marginal costs of this producer, including
shadow values of all capacity constraints, should be zero. Whereas
fuel costs do not vary much over the 24-hour cycle, shadow prices do,
reflecting shifts in demand. Thus, in peak hours the difference between
the price of electricity obtained by the producer andhis observablemar-
ginal costs (e.g., fuel costs, but not shadow values)will be large. Such an
observed difference may therefore be consistent with a competitive
outcome. Alternatively, it may reflect some type of deviation from the
competitive outcome, for example, market power.4

We now explore the latter case. Assume that a competitive electricity
market is changed to a cartel. Through tacit collusion the cartel sets the
level of production for itsmembers. Supposewe can observe the produc-
tion level for each cartelmember. Althoughwe do not know the rule that
distributes the total quantity of production agreed upon between the
members of the cartel, we can mimic this behavior: It is well known
from economic theory that restrictions facing an agent – for example, a
quantity restriction – can, under conditions of no uncertainty and full in-
formation, be represented through a set of taxes/subsidies and transfers
in a model of perfect competition. Hence, if we have an adequate model
4 For studies on measuring market power in the electricity industry, see Wolfram
(1999) on the British spot market and Borenstein et al. (2002) on the California whole-
sale market.
of the (hypothetical) competitive case, we can mimic the cartel by
including taxes/subsidies and lump-sum transfers in the model. The
taxes/subsidies and lump-sum transfers are calibrate by comparing
(i) the observed outcome with (ii) the prediction of the model with-
out taxes/subsidies and lump-sum transfers.

Here is a simple example. Suppose that marginal cost of production
of electricity is increasing, has no jumps and that there are no capacity
constraints in electricity production (some of these assumptions will
be relaxed later). Fig. 1 then shows the marginal cost function for one
cartel member. A cartel member could be a single producer or a group
of producers where each producer (plant) has a thermal efficiency
that differs from the other producers (plants) in the group because of,
for example, a distinct vintage.

Under perfect competition we know that the producer(s) in Fig. 1
should supply x0 when facing the electricity price p0. Under a cartel
agreement, production will typically differ from x0. If we observe
that production is lower, say, x1, this can be mimicked by a unit tax
t1 on production, that is, as if this cartel member pays the cartel t1
for each unit it produces (total tax payment is t1x1.). Moreover, if
we know that there are no transfers of money within the cartel, this
fact can be taken into account through a lump-sum transfer L1 of
t1x1 from the cartel to the cartel member, thereby making the net
transfer from the cartel to the cartel member equal to zero.

Alternatively, if we observe that production is higher than x0, say,
x2, this can be mimicked by a negative unit tax t2, that is, as if this car-
tel member receives the subsidy t2 from the cartel for each unit it pro-
duces (total received amount of money is t2x2). Again, if we know that
there are no transfers of money within the cartel, this fact can be
taken into account through a lump-sum transfer L2 of t2x2 from the
cartel member to the cartel, which will net out the subsidy transfer
from the cartel.

In our numerical model we use this modeling strategy to mimic
deviations from competitive behavior in production of electricity,
that is, each group of producers is modeled as if they face a (positive
or negative) unit tax on production and receives a (positive or nega-
tive) lump-sum transfer. Whereas the story in Fig. 1 was based on no
capacity constraints, in the numerical model there are a number of ca-
pacity constraints, and thus in equilibriummarginal costs typically re-
flect several positive shadow values. Henceforth, the (unit) “taxes”
are termed the electricity production deviation parameters; they re-
flect deviation from competitive behavior in electricity production
and could have any number of sources. Technically, this deviation pa-
rameter is a linear term in the first-order condition for optimal elec-
tricity production, see Section 3. In Section 4 we explain how the
electricity production deviation parameters are calibrated. In the nu-
merical model, there is one deviation parameter for each group of
electricity producers, where a group consists of all producers using
the same type of technology in a model country. The calibrated
quantityx0 x2x1

Fig. 1. The electricity production deviation parameters.
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value of the electricity production deviation parameter will differ
across technologies and model countries.

Our modeling of electricity producers could be consistent with
several types of deviation from competitive behavior, for example,
monopolies, oligopolies or cartels. It could also be consistent with
various forms of government intervention: for example, regulations
restricting the use of market power, subsidizing coal industries,
protecting domestic companies from foreign competition or policies
encouraging the use of particular technologies such as green power.
For our purposes, the causes of the deviation from the competitive
case need not be identified, but the magnitudes of the deviation pa-
rameters must be estimated.

As explained above, we model deviations from the competitive
outcome through a deviation parameter t. Note that a marginal in-
crease in production from a producer receiving a subsidy t2 leads to
an increase in income by p + t2, whereas under the theory of conjec-
tural variation a marginal increase in production raises income by

pþ dp
d ∑xj
� �d ∑xj

� �
dxi

xi, see above. Hence, these two approaches are

closely related: If we know all equilibrium values t2⁎ and xj⁎, the corre-
sponding conjectural derivative can be calculated as

d ∑xj
� �
dxi

¼ t�2
x�i dp

�
d ∑x�j
� � ð1Þ

if the inverse demand function p(∑xi) were differentiable. In partic-
ular, in the competitive case t2 = 0 and using Eq. (1) we obtain

d ∑xj
� �
dxi

¼ 0, which is consistent with our discussion above about

the conjectural derivative.

2.3. Market structure — domestic retail

Whereas in our numerical model the decisions of an electricity
producer follow from the solution of a detailed optimization problem,
there is no explicit optimization problem for retailers. This fact re-
flects that in the numerical model, a retailer buys energy and just
transports/distributes it to the end-users at constant costs, but may
be able to harvest a profit.

If there is perfect competition in electricity retail, then the differ-
ence between (i) the end-user price of electricity and (ii) the price
obtained by the electricity producers (at the plants) equals the sum
of taxes and the costs of domestic transport and distribution, includ-
ing losses, that is, there is no profit margin. Correspondingly, under a
competitive regime, the difference between (i) the end-user price of
gas and (ii) the beach price of gas equals the sum of taxes and the
costs of domestic transport and distribution, including losses.

We observe, however, that the end-user price less the price
obtained by the electricity producers/the beach price of gas differs
from the sum of taxes plus costs of domestic transport and distribu-
tion, including losses. The difference, henceforth termed the retail de-
viation parameter, is positive, and hence reflects profits in retailing.
Our data suggests that the retail deviation parameter differs between
energy goods, user groups and countries: that is, between different
user groups of electricity (or gas) in the same country, and between
the same user group of electricity (or gas) in different countries.
This observation suggests there was price discrimination in energy
retailing in our data year.

2.4. Market structure — international transmission

We now turn to international traders of electricity or gas. We may
mimic the market structure in international transmission in the same
way as we did for electricity production, that is, through (positive or
negative) unit taxes combined with lump-sum transfers. However, it
turns out that our suggested way to model liberalization of electricity
production or energy retail implies unreasonably large trade effects in
our numerical model The simplest way to avoid such trade effects is
to impose trade restrictions, requiring all pairs of net exports of gas
and electricity between the model countries to be unchanged if
there is a partial liberalization in another sector. Below we follow
this strategy.

2.4.1. Identification of partial liberalizations
We identify the effects of a partial liberalization in electricity pro-

duction, that is, of introducing cost efficiency in electricity produc-
tion, by removing the electricity production deviation parameters
while retaining the retail deviation parameters and at the same
time requiring all pairs of net exports of gas and electricity between
the model countries to be unchanged. Similarly, we identify the ef-
fects of liberalizing domestic electricity (gas) retail by removing the
electricity (gas) retail deviation parameters and at the same time re-
quiring all pairs of net exports of gas and electricity between the
model countries to be unchanged. Finally, the effects of a liberaliza-
tion of trade between the model countries in electricity (gas) are
identified by replacing the quantitative trade restrictions for electric-
ity (gas) with perfectly working third-party access to international
electricity (gas) transmission in Western Europe. The latter means
that international transport tariffs are equal to marginal costs when
capacity is not fully utilized, whereas tariffs restrict the demand for
international transmission services to the available capacity when
the capacity would otherwise be insufficient. The identification of ef-
fects of different types of partial liberalization is the key issue of the
present paper, and the results are reported in Section 5.

3. The model

Our empirical model, LIBEMOD MP, is a generalization of the
model LIBEMOD: see Aune et al. (2008a) for a documentation of
LIBEMOD. The main difference between the two models is the market
structure. LIBEMOD assumes that all markets are competitive, whereas
in LIBEMOD MP most markets can be non-competitive: through suit-
able choices of parameter values, the competitive outcome (LIBEMOD)
is a special case of LIBEMOD MP.

LIBEMOD MP specifies seven energy goods: coking coal, steam
coal, lignite, natural gas, oil, biomass and electricity. With some ex-
ceptions, these are produced, traded and consumed in all model
countries, which are the following 16 Western European countries:
Austria, Belgium & Luxembourg, Denmark, Finland, France, Germany,
Greece, Ireland, Italy, the Netherlands, Norway, Spain, Sweden,
Switzerland, Portugal and the United Kingdom.

All countries in the world that are not model countries produce,
trade and consume coking coal, steam coal and oil. These goods are
traded in competitive world markets. For all other energy goods, mar-
kets are not competitive. Natural gas and electricity are traded be-
tween the model countries. In addition, some of the non-model
countries also export (exogenously given quantities of) gas, LNG
and electricity to the model countries (and vice versa). The remaining
goods – lignite and biomass – are not traded internationally (domes-
tic markets only), but the model determines how lignite is allocated
between different domestic users and also determines the supply of
biomass (which is used in domestic bio-power production).

In each model country, there is a node at a central point in the
country. International trade in gas requires pipes running between
the node in the export country and the node in the import country.
Similarly, trade in electricity requires transmission lines running be-
tween the node in the export country and the node in the import
country. For both gas and electricity, there are capacity constraints
in international transmission. These capacities are given in the short
run, but are determined in the long-run version of the model. In
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each model country, energy is transported and distributed from the
country node to the end users at constant costs (with prices including
a potential profit margin; see the discussion in Section 2) and without
capacity constraints. These costs differ by user group and energy
good.

There are four groups of users of energy in each model country.
First, there is intermediate demand from electricity producers: for ex-
ample, gas power producers demand natural gas. Furthermore, there
is demand from end users: the household, industry and transport sec-
tors, though the latter demands only oil products. For end users, de-
mand is derived from a nested CES utility function with five levels.
At the top-nest level, there are substitution possibilities between
energy-related goods and other forms of consumption. At the second
level, consumers face a trade-off between consumption based on
the different energy sources. Each of these is a nest describing com-
plementarity between the actual energy source and consumption
goods that use this energy source (for example, electricity and light
bulbs). Finally, the fourth and fifth levels are specific to electricity in
defining the substitution possibilities between summer and winter
(season) and between six time periods over the 24-hour cycle.
Thus, except for electricity, energy goods are traded in annual mar-
kets. Note that the calibrated parameters of the utility functions differ
between end users and countries in order to induce different demand
elasticities.

In each model country, there is production of electricity by various
technologies: steam coal power, lignite power, gas power, oil power,
reservoir hydro power, pumped storage power, nuclear, waste power
and wind power. Some of these are not available in all countries. In
general, for each technology and each country, efficiency varies across
power plants. There are costs related to electricity production:
fuel costs, non-fuel operating costs, maintenance costs (related to
maintained power capacity), start-up costs (related to additional ca-
pacity started in a time period) and investment costs. The power pro-
ducer obtains revenues either from using the maintained power
capacity to produce and sell electricity or by selling the remaining
part of the maintained power capacity to a national system operator,
who buys reserve power capacity in order to ensure (if necessary)
that the national electricity system does not break down.

Power producers face some technical constraints. For example,
maintained capacity should not exceed installed capacity. In addition,
there are technology-specific constraints. For example, for reservoir
hydro, the reservoir filling at the end of a season cannot exceed the
reservoir capacity. Moreover, total use of water cannot exceed total
availability of water (the sum of seasonal inflow of water and reser-
voir filling at the end of the previous season). Each power producer
maximizes profits subject to the technical constraints. This optimiza-
tion problem implies a number of first-order conditions, which deter-
mine the operating and investment decisions of the producer.

We now give a technical description of supply of electricity. We first
consider the short-run case in which the capacity is given. (The invest-
ment decision of a power producer is discussed later.) In order to sim-
plify matters, we consider only one technology (gas power) and we
also consider production in only one country. Further, we disregard
non-fuel operating costs.

The fact that efficiency varies across gas power plants is modeled in
LIBEMOD as if therewere one single gas power producer with a number
of heterogeneous plants, each with a distinct efficiency. Let x(yt) be the
input requirement function that specifies the amount of gas required to
produce the amount yt of electricity in period t.5 x′(yt) N 0 is then the
marginal fuel use, and by assumption this is increasing in electricity
production (x″(yt) N 0), which reflects decreasing efficiency — less
5 Below we disregard – primarily because of lack of data – the possibility of improv-
ing energy efficiency in existing plants. Such investments may sometimes be more cost
efficient than building additional electricity generation capacity.
efficient plants are phased in as production increases. Then fuel costs
in period t are given by x(yt)Pg, where Pg is the (annual) user price of
gas.

In addition to fuel input, the producer chooses the level of power
capacity that is maintained (KM), thus incurring a unit maintenance
cost cM per power unit. Further, if the producer chooses to produce
more electricity in one period than in the previous period in the
same season, he will incur start-up or ramping-up costs. These are
cS per unit of started power capacity (Kt

S) in each period. Thus, in
the short run total costs are given by:

C ¼ ∑
t
x ytð ÞPg þ cMKM þ∑

t∈T
cSKS

t : ð2Þ

The income from gas power production consists of two parts: in-
come from ordinary sales of electricity and income from sales of ca-
pacity to the system operator, who ensures that there is always a
reserve power capacity available. Income from sales of electricity in
period t is given by Ptyt, where Pt is the price of electricity in period
t. Moreover, the producer sells Kt

R of his (maintained) capacity to
the system operator at the price Pt

R in period t. Thus, the income
from gas power production is:

I ¼ ∑
t

Ptyt þ PR
t K

R
t

� �
: ð3Þ

The producer faces some constraints. Below, the restrictions on
the optimization problem are given in solution form, where the
Kuhn–Tucker multiplier – complementary to each constraint – is
also indicated. The first constraint requires that maintained power ca-
pacity (KM) should be less than or equal to the (predetermined)
installed power capacity (K0):

KM ≤ K0⊥λ≥ 0; ð4Þ

where λ is the shadow price of installed power capacity.6

Second, in each period, production of electricity (yt) is constrained by
themaintained energy capacity, net of the capacity sold as reserve capac-
ity to the system operator. This net energy capacity equals the net power
capacity (KM − Kt

R)multiplied by the number of hours in the period (ψt):

yt ≤ ψt KM−KR
t

� �
⊥μ t ≥ 0: ð5Þ

Third, all power plants need some downtime for technical mainte-
nance. Therefore, total annual production cannot exceed a share (ξ) of
the gross maintained energy capacity:

∑
t
yt ≤ ξ∑

t
ψtK

M⊥η≥ 0: ð6Þ

Note that this is an annual constraint, so the producer may choose
in which period(s) technical maintenance will take place.

Fourth, start-up and ramping-up costs are incurred if electricity pro-
duction varies between periods in the same season. These costs depend
on the additional capacity started at the beginning of each period; that
is, on the difference between the capacity use in one period and the ca-
pacity use in the previous period during the same season. The start-up
capacity (Kt

S) must therefore satisfy the following requirement:

yt
�
ψt

−
yt−1
�
ψt−1

≤ KS
t⊥ ϕt ≥ 0; ð7Þ

where yt/ψt is the actual capacity used in period t and yt − 1/ψt − 1 is the
actual capacity used in the previous period in the same season. Each
6 In general, the notation a ≤ 0 ⊥ b ≥ 0 is shorthand for a ≤ 0 and b ≥ 0 and
ab = 0, where a is the derivative of the Lagrangian w.r.t. b.



7 If λ N 0, then increasing the maintained capacity marginally requires that also the
installed capacity is raised.
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produced quantity yt is thus involved in two inequalities, once for peri-
od t and once for period t + 1.

Finally, we introduce the deviation parameter s, which is our way to
model deviations from competitive behavior for electricity producers:
as explained in Section 2, the producer acts as if he faces a tax s on pro-
duction∑

t
yt .

The producer maximizes profits: that is, income (Eq. (3)) less
costs (Eq. (2)) and less the as if tax payment s∑

t
yt , given the con-

straints (4)–(7) and chooses period production of electricity (or
equivalently, period input of natural gas), sale of reserve capacity,
maintained capacity and start-up capacity. The Lagrangian of the
gas power producer is:

L ¼ ∑
t

Ptyt þ PR
t K

R
t

� �
−∑

t
x ytð ÞP g−cMKM−∑

t∈T
cSKS

t

−λ KM−K0
n o

−∑
t
μ t yt−ct KM−KR

t

� �n o
−η ∑

t
yt−ξ∑

t
ψtK

M
� �

−∑
t
ϕt

yt
�
ψt

−
yt−1
�
ψt−1

−KS
t

� �
−s∑

t
yt :

ð8Þ

The first-order condition with respect to produced electricity is:

Pt ≤ x′ ytð ÞP g þ μt þ ηþ ϕt−ϕtþ1

ψt
þ s⊥yt ≥ 0: ð9Þ

Hence, in each period an internal solution requires that the price
of electricity (Pt) should equal the sum of i) marginal input costs
of production (x′(yt)Pg), ii) three suitably weighted shadow prices

(μ t þ ηþ ϕt−ϕtþ1

ψt
), and iii) the electricity production deviation param-

eter (s). The shadow price term contains the shadow price of periodic
energy capacity (μt), the shadow price of annual energy capacity (η)
and the difference (measured per hour) between the shadow price of

capacity used in this and the following period
ϕt−ϕtþ1

ψt

	 

. Note that

μt N 0 reflects that increased production in period t is not possible for
a givenmaintained capacityKM net of reserve power capacityKt

R, where-
as ϕt N 0 reflects that production in period t cannot be increased for a
given start-up capacity Kt

S. Because the shadow values will in general
differ over time, the difference between the price of electricity (Pt)
and the observed marginal costs (x′(yt)Pg) will also differ over time.
This difference will typically be large during peak hours.

The first-order condition with respect to sale of reserve capacity is:

PR
t ≤ μtψt⊥K

R
t ≥ 0; ð10Þ

that is, the income from selling one more unit of power capacity to the
system operator (PtR) should (in an internal solution) equal its opportu-
nity cost, which is the value (μt) of increased production due to a higher
net energy capacity being available for electricity production during all
hours in the period (ψt).

Further, the first-order condition with respect to maintained ca-
pacity is:

∑
t
ψt μt þ ηξð Þ≤ cM þ λ⊥KM ≥ 0: ð11Þ

Hence, in an internal solution the cost of increasing maintained
capacity marginally – the sum of the maintenance cost (cM) and the
shadow price of installed capacity (λ) – should be equal to
the value of increased annual production following from this policy.
The latter is the shadow value (μt) of the net energy capacity times
the number of hours in the period (ψt), summed over all periods,
i.e., the value of increased production where the marginal value is
positive. In addition comes the value of increased potential for annual
production if the downtime restriction is binding, reflected by the
maximum annual operating time evaluated by the shadow value of

the gross maintained energy capacity ηξ∑
t
ψt

	 

.7

Finally, the first-order condition with respect to the start-up
capacity is:

ϕt ≤ cS⊥KS
t ≥ 0; ð12Þ

that is, in each period, the shadow price of start-up capacity ϕt, which
reflects the benefit of increased start-up capacity through higher pro-
duction, should (in an internal solution) be equal to the start-up cost
cs; alternatively, start-up capacity should be zero.

LIBEMODMP is available in two versions. In the short-run version,
all capacities in power production (and also all capacities for interna-
tional transmission of gas/electricity, see discussion below) are given.
In the long-run version, these capacities are endogenously deter-
mined through profit maximization at the micro level. In the model,
investment can take place only in new power plants. In contrast, the
installed capacity for plants being available for production in the
data year of the model (“old plants”), cannot be expanded. We now
turn to the investment decision of power producers.

A (potentially) new plant has the same type of short-run reve-
nues and costs as an old plant, although it has a higher thermal effi-
ciency. The new plant also faces the same technical restrictions
(4)–(7) as an old plant. Hence, the first-order conditions (9)–(12)
are also valid for a new plant. On the other hand, the new plant has
investment costs cinvKinv where cinv is annualized capital costs per
unit of investment and Kinv is investment. Using the fact that for
new technologies, total capacity will be equal to investment K0 =
Kinv, and maximizing profit with respect to Kinv, the investment
criteria can be written as:

λ≤ cinv⊥Kinv ≥ 0: ð13Þ

This implies that if investment is positive, the annualized investment
cost (cinv) must equal the shadow price of installed capacity (λ), i.e., the
increase in operating surplus resulting from one extra unit of capacity.

Once electricity is produced, it can be sold either to domestic users
or exported. In the first case, electricity is transported and distributed
domestically. Let q be the set of users of electricity, that is, household,
industry and intermediate users in the electricity sector (pump stor-
age power producers). In line with the explanation in Section 2, the
relationship between the end-user price of electricity of user group
q in time period t (Ptqx ), the price of electricity obtained by the produc-
er (at the plant) in time period t (Pt) and the electricity retail devia-
tion parameter of user group q in time period t (ætq) is:

Px
tq ¼ 1

θq
Pt þ aetq
� �

þ dq

" #
1þ τq
� �

; ð14Þ

where θq is the share of electricity that is not lost during domestic
transport and distribution, dq is the sum of costs of domestic trans-
portation, distribution and energy/environmental taxes, and τq is
the VAT tax rate. In the model, there is such a relationship for electric-
ity retail in eachmodel country. Further, there is a similar relationship
for gas retail, but because the model has annual markets for gas, that
relationship is expressed in annual prices.

We now turn to export of electricity. As explained in Section 2,
before international transmission is liberalized all export quantities
are fixed in the model. On the other hand, exports change after a
liberalization of international transmission. We now explain how
international transmission is modeled after a liberalization.



Table 1
Own-price demand elasticities in the calibration (observed) equilibrium. Weighted av-
erage over model countries.

Short run Long run

Households Industry Transport Households Industry Transport

Electricity −0.26 −0.18 N.A. −0.45 −0.63 N.A.
Gas −0.31 −0.28 N.A. −0.54 −0.76 N.A.
Coal −0.22 −0.30 N.A. −0.61 −0.69 N.A.
Oil −0.26 −0.22 −0.24 −0.55 −0.61 −0.45
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In the short run, the capacity of international transmission from a
country m to a country n is given (Kmn

0 ). Suppose first that the trans-
mission line between m and n is owned by an agent. (Below we give
an alternative interpretation of the model.) In each time period t the
owner can (after a liberalization of international transmission) either
buy electricity in country m and export it to country n (zmnt), or buy
electricity in country n and export it to country m (znmt). Taking
into account the share of the transported electricity that is not lost
(θmn) and also the operating costs of international transmission
(cmn), the annual profit of the owner of the line between m and n is:

Πmn ¼ ∑
t

Pnt−
Pmt

θmn
−cmn

� �
zmnt þ Pmt−

Pnt

θnm
−cnm

� �
znmt

� �
: ð15Þ

Here Pmt
θmn

is the loss-adjusted unit price in the exporting country
that the owner can sell for Pnt in the importing country. Typically,
θmn = θnm and cmn = cnm.

The owner has to take into account that in each time period, the
flow of electricity is constrained by the predetermined transmission
line capacity:

zmnt−znmt ≤ ψtK
0
mn⊥μmnt ≥ 0; ð16Þ

where, as above, ψt is the number of hours in time period t. Note that
trade can take place only in one direction in each time period, that is,
in each time period either zmnt or znmt (or both) is zero.

Under the assumption of a perfectly competitive equilibrium, the
(natural monopolist) transmission line owner must be regulated to
act as a price taker in both countries (m and n) and will then maxi-
mize (15) subject to (16) with respect to the quantity traded in
each direction in each time period. The first-order condition for ex-
port from country m can be expressed as:

Pnt−
Pmt

θmn
−cmn−μmnt þ μnmt ≤ 0⊥zEmnt ≥ 0; ð17Þ

where there is a similar relationship for export from country n. If it is
optimal to export from country m in period t, then μnmt = 0 and the
loss-adjusted price difference between the importing and exporting
country Pnt− Pmt

θmn

� �
should equal total marginal costs, that is, the

sum of the monetary cost of transporting electricity (cmn) and the
shadow value of increased capacity (μmnt).

While trade has been formulated as if the transmission line owner
buys electricity in one market and sells it in another, the following al-
ternative interpretation is also possible: a regulated or publicly
owned transmission company is instructed to set tariffs to cover mar-
ginal costs (cmn) alongside a capacity charge equal to μmnt. The capac-
ity charge is only allowed to be positive when capacity is fully utilized
and is then set sufficiently high to ensure that the demand for trans-
portation is no larger than the capacity. Under this interpretation,
there is perfect third-party access (TPA) and so any agent may engage
in trade, attempting to exploit the price differential Pnt− Pmt

θmn
but facing

a tariff equivalent to cmn + μmnt. In equilibrium, all such trading
agents earn zero (pure) profits.

In the long run, the owner of the transmission line betweenm and n
can expand the capacity. Let cmn

inv be the annualized (unit) capital cost for
the expansion of the international electricity transmission line, and let
Kmn
inv be the expansion. Profits is then given by (15) less cmn

invKmn
inv, whereas

Kmn
0 in (16) is replacedwith Kmn

0 + Kmn
inv. The first-order condition for in-

vestment in electricity transmission is given by:

∑
t
ψt μE

mnt þ μE
nmt

� �
≤ cinvmn⊥K

inv
mn ≥ 0: ð18Þ

Eq. (18) takes into account the fact that investment increases ca-
pacity in both directions, and that the increased capacity can be uti-
lized in all periods.
Above we have explained the operating and investment decision
of an owner of an international electricity transmission line. An
owner of an international gas pipe line has the same type of
first-order conditions, the difference being that gas is traded in one
period only.

Note that once international transmission of natural gas and/or
electricity is liberalized, domestic mismatches will be transferred to
the international market: a country facing severe supply problems
will increase its imports of electricity from other model countries.

LIBEMODMP determines all energy quantities – production, trade,
consumption and (in the long-run version of the model) also invest-
ment – and all energy prices, both producer prices and end-user
prices, as well as emission of CO2 by sector and country. If some or
all of the deviation parameters are changed, a new equilibrium is
computed, and the difference in outcome is due to the shift in the de-
viation parameters. Because deviation parameters are zero in a com-
petitive equilibrium, the effect of liberalizing electricity production
is identified by comparing (i) the model solution with all deviation
parameters in place with (ii) a new equilibrium where all electricity
production deviation parameters s in the first-order condition for
electricity production, see Eq. (9), are eliminated, while retaining
the retail deviation parameters and at the same time requiring all
pairs of net exports of gas and electricity between the model coun-
tries to be unchanged. The effect of liberalizing domestic electricity
(or gas) retailing is similarly identified by setting the retail deviation
parameters ætq in the end-user price Eq. (14) at zero, and at the same
time requiring all pairs of net exports of gas and electricity between
the model countries to be unchanged. Finally, the effect of liberalizing
international transmission of electricity (gas) is identified by replac-
ing exogenous traded electricity (gas) quantities with competitive
behavior in international electricity (gas) transmission.

4. Data and calibration

Data for quantities and prices build on statistics published by in-
ternational organizations such as OECD/IEA, UNIPEDE, UCPTE and
NORDEL, supplemented with national sources when necessary, see
Appendix B in Aune et al. (2008a) for a detailed documentation. The
data year of the model is 2000. Parameter values are typically taken
from published papers, or from industry sources/conversation with
sector experts. In addition, some parameters are estimated, and sev-
eral are calibrated, see the discussion below on calibration.

In LIBEMOD MP, demand elasticities follow from the parameters
of the calibrated multi-level CES utility functions, and will in general
vary between equilibria. The short-run demand elasticities for the
model countries lie in the interval (−0.15; −0.43) in the calibration
equilibrium, which is based on observed 2000 prices and quantities,
whereas the weighted short-run elasticity (aggregated over fuels, sec-
tors and countries) is −0.23. The long-term demand elasticities for the
model countries (used in the long-run version of the model with a
time perspective of about 10 years) lie in the interval (−0.27; −1.03),
see Table 1 for more detailed information on demand elasticities.

Supply of fossil fuels also differs between energy goods and be-
tween short and long run. For oil, the short-run (long-run) elasticity
is 0.25 (1.00) for all countries. Coal supply is modeled separately for
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each of the three coal types (steam coal, coking coal and lignite).
Below we focus on steam coal and coking coal. The short-run coal
supply functions of the major coal exporting countries (Australia,
Canada, China, Colombia and Venezuela, Indonesia, Poland and
South Africa) are fitted to detailed export supply information from in-
dustry sources. The remaining countries have a linear supply function
with a calibrated short-run short-run elasticity of 1.0 for exogenous
countries and 0.75 for model countries (in the observation points).
In the long-run model, all countries have a linear supply function
with an elasticity of 4.0 in the observation point.

In the short-run model, the supply of natural gas from each of the
model countries is exogenous (equal to the 2000 extraction levels),
reflecting the present structure in the Western European natural gas
markets with, for example, take-or-pay contracts. In the long-run
model, large suppliers of natural gas – the Netherlands, Norway and
the United Kingdom – have convex supply functions, while all other
model countries have linearmarginal cost functionswith long-run elas-
ticities equal to 1. The long-run supply functions for the Netherlands,
Norway and the United Kingdom are constructed based on detailed
field information, assuming, in line with the official views of these
countries, cost efficient extraction, that is, cet. par., cheap fields are
extracted before more expensive fields. Note that our field information
suggests cost efficiency also in the short run.

For natural gas, we assume that total cost of constructing a new
international transmission pipe is 1.25 USD per toe per 100 km in
model countries (0.5 in exogenous countries), and twice as high for
off-shore pipes. For domestic transport and distribution of gas, our
starting point is IEA (1998) where the costs of transport in Germany
are 55 USD per toe, whereas the costs of distribution in Germany
are 105 USD per toe. These figures are used to estimate the costs of
the other model countries under the assumption that for each type
of cost, the difference between two countries is because of the
amount of natural gas transported/distributed and the length of the
domestic transport/distribution network.8 This methodology implies,
however, a few extreme results, which we treat by imposing cost
ceilings. For households, the sum of domestic costs of transport and
distribution lies between 116 and 268 USD per toe, whereas the
corresponding interval for the industry sector is 19 to 74 USD per toe.

For high-voltage electricity transmission lines, we have assumed
that total construction cost is 200 USD per MW*kilometer, whereas
the corresponding cost for sea cables is 1300 USD per MW*kilometer.
For industry, cost of domestic electricity transport is set to 2.7 USD
per MWh in all model countries, whereas the household cost of trans-
port and distribution varies across countries in proportion to estimat-
ed distribution losses with an average value of 17 USD per MWh.

We now turn to the remaining calibrated model parameters.
These are the electricity production deviation parameters, the elec-
tricity retail and gas retail deviation parameters (see Section 2), and
also the thermal efficiency parameters for plants that were available
for operation in 2000 (“old plants”). In addition, we have calibrated
a country-specific ‘system price’ of electricity, which is needed in
order to identify the different partial liberalizations. The system
price is the price an electricity producer obtains at the plant (country
node) when selling electricity to either domestic retailers or interna-
tional traders. In a perfect competitive equilibrium, this would equal
the marginal costs of the most expensive technology (including any
capacity shadow values). Because we do not have data on the system
price for the observed 2000 non-competitive outcome, it has to be
calibrated. The way the system price is calibrated has consequences
for the calculated deviation parameters, and therefore for the
separate effects of each partial liberalization. It does not, however,
have consequences for the fully liberalized outcome.
8 According to our methodology, unit cost of transport/distribution is lower, cet. par.,
the greater amount of energy that is transported, and the shorter is the transport
distance.
The electricity production deviation parameters, the thermal effi-
ciency parameters and the country-specific electricity system price
are calibrated using the electricity production submodel of the
Libemod MP model. These parameters are determined from minimiz-
ing short-run cost of production for each model country, see Eq. (2),
aggregated over all technologies, taking into account all technical
constraints facing all technologies in a model country, see Eqs.
(4)–(7) for the case of gas power, and minimizing with respect to
the short-run decision variables of the electricity producers.

In the cost-minimization problem,we also take the following factors
into account. First, we do not have data on production of electricity for
each technology in each time period, but rather country-specific obser-
vations of total production (aggregated over all technologies) in each
time period and also total annual production of each technology
(in each model country). These restrictions enter as constraints in the
cost-minimization problem. For example, for gas power the latter re-
striction is specified as y0 ¼ ∑

t
y0t where y0 is observed annual produc-

tion of gas power in the data year and yt
0 is the non-observed production

of gas power in period t in the data year (to be calibrated). Note that yt0

is determined as part of the solution of the cost-minimization problem.
Second, for each model country and for each type of technology, we
specify a uniform distribution function of the inverse thermal efficien-
cies of power plants and also use technology-specific information
about the most efficient plant in the data year. Finally, in many coun-
tries there are technologies with very small market shares: for example,
nuclear power in Norway, where capacity is installed purely for
research purposes. Similarly, in the data year 2000 there were small-
scale experiments with environmental technologies in many countries.
These technologies are treated as exogenous in the calibration of the
model. This is done to avoid the system price being determined by, for
example, small-scale experiments.

From the solution of the cost-minimization problemwe obtain, for
each model country, the electricity production deviation parameters,
the thermal efficiency parameters and the system price, see Aune et
al. (2008b). The system price is defined as the marginal cost – includ-
ing shadow values but not including the electricity production devia-
tion parameter – of the most expensive technology entering the
cost-minimization problem. The calibrated system price for the year
2000 varies from 17 USD/MWh in Norway to 76 USD/MWh in Greece
(due to a large oil power share). Most major Western European coun-
tries have a calibrated system price between 30 and 50 USD/MWh.
The calibrated electricity production deviation parameters are
ranging from zero to a 20 USD/MWh, with a weighted average of
8.8 USD/MWh.

Once we have found the calibrated system price of electricity, it is
easy to identify the electricity retail deviation parameters — one for
each user group in each time period in each model country. These fol-
low directly from Eq. (14) as all factors in this relation, except the
electricity retail deviation parameter, are now known. The electricity
retail deviation parameters average 37 and 3 USD/MWh for house-
holds and industry respectively, which compares with average
end-user prices at 109 and 39 USD/MWh. The deviation parameters
for gas retail are found in a similar way, and are on average 62, 21
and 26 USD/toe for households, industry and gas power respectively,
whereas average end-user prices were 421, 181 and 160 USD/toe in
the year 2000.

5. Results

In this section we report the results of partial liberalizations in the
energy industry in Western Europe. For both gas and electricity we
consider the effects of liberalization of domestic markets and interna-
tional trade between countries in Western Europe separately. For do-
mestic electricity markets, we also consider the effects of liberalizing
production and retail separately. In contrast, for gas extraction
we have – in line with our detailed gas field data – assumed cost



Table 2
Partial liberalization of energy markets: electricity is liberalized first; effects on welfare of each step (1000 million USD).

Consumer surplus in model
countries

Producer surplus in model
countries

International trader
surplus

Sum model
countriesa

Sum all
countriesb

Short run Partial liberalization in:
Electricity production 11.1 −6.4 −0.9 3.9 0.8
Domestic electricity retail 42.6 −35.3 1.8 4.7 9.9
International electricity trade 4.4 −2.3 −1.3 0.6 0.7
Domestic gas retail 3.5 −1.8 −1.3 −1.0 0.4
International gas trade −2.4 −0.7 −3.3 −2.7 0.3
Total effect 59.2 −46.5 −5.1 5.5 12.0

Long run Partial liberalization in:
Electricity productionc

Domestic electricity retail 73.0 −51.7 −1.4 17.0 17.9
International electricity trade −3.5 3.6 0.3 0.1 0.1
Domestic gas retail 10.7 −9.7 1.2 1.2 1.9
International gas trade 0.2 1.4 −9.6 −2.2 0.2
Total effect 80.4 −56.4 −9.5 16.2 20.2

a Sum of consumer surplus, producer surplus and tax revenues to the government in the model countries, plus half the international trader surplus on each international trans-
mission connection.

b Sum of consumer surplus, producer surplus, tax revenues to the government and international trader surplus in all countries.
c In the long-run version of the model, it is only possible to identify the combined effect of the liberalization of electricity production and the liberalization of domestic electricity

retail.
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efficiency, whereas for gas retail data suggest there are potential effi-
ciency gains from liberalization. Hence, liberalization of domestic gas
markets means that (only) gas retail is liberalized. The order of liber-
alization is as given in Table 2, where electricity is liberalized first, but
we will return to check the soundness of this assumption.

In all cases we consider the effects of liberalization both in the
short run (pre-existing capacities) and in the long run (endogenous
determination of capacities for power production, international
transport of gas and international transport of electricity between
model countries). The long-run scenarios assume the same income
levels as in the calibration year 2000 and are therefore not predictions
of the future, but they may be regarded as a comparative static anal-
ysis of how the different agents would have adapted had the liberal-
ization been announced quite a few years before 2000.

In order to avoid results that are too detailed, we focus on the
group of all model countries (not each model country) and the
group of non-model countries. For each group of countries, there
are four types of agents: consumers of energy, producers of energy,
the government (receives taxes) and international traders in energy.
For international traders, we do not know their country of origin,
which within our model means that we do not fully know how the
ownership of each international electricity transmission line and
each international gas pipeline is distributed between countries. In
what follows we have assumed that 50% of each international elec-
tricity line and 50% of each international transmission pipe is owned
by the importing (or exporting) country. The main welfare results
of the present paper are robust relative to this assumption.
5.1. The main welfare effects: domestic electricity markets

As can be seen from Table 2, in the short run a full liberalization
increases annual consumer surplus in the model countries by
$59 billion ($59,200 million), reduces annual producer surplus in
the model countries by $47 billion, increases annual welfare in the
model countries by $6 billion and increases annual global welfare
by $12 billion.9 In the long run, these effects are enhanced, with an
increase of annual consumer surplus in the model countries of
$80 billion, a reduction of annual producer surplus in the model
9 The total liberalization results reported here are slightly different from those in
Aune et al. (2008a) due to a different basis of comparison. The model solutions in
the 2008 study are compared with a calibrated data set that retains some statistical er-
rors. In this paper, we compare instead the model solution with a calibrated data set
after the statistical errors are removed.
countries of $56 billion, an increase in annual welfare in the model
countries of $16 billion and an increase of annual global welfare of
$20 billion. Roughly 90% of these effects are due to the liberalization
of domestic electricity markets in the model countries: that is, the
combined effect of liberalizing electricity production and domestic
electricity retail. We will therefore focus mainly on the effects of the
liberalization of domestic electricity markets.

In order to see what is driving the large changes of the liberalization
of domestic electricity markets, consider the price and quantity re-
sponses reported in Table 3. There is a significant increase in production
of electricity, particularly in the long run (18%), and a corresponding re-
duction in the long-run average end-user electricity price of 31%. In
both the short and long run, the increase in production of electricity is
mainly due to increased production in steam coal-fired plants. The ef-
fects on electricity supply of other types of liberalization are small.

In each model country, total supply of electricity was not efficient
and also the composition of electricity technologies was not efficient
in the data year 2000, see the discussion in the latter part of Section 4.
As explained above, deviations from ideal (competitive) conditions in
domestic electricity markets are taken into account through a set of
deviation parameters in electricity production and a set of deviation
parameters in electricity retailing. When examining the liberalization
of domestic electricity markets, technically we eliminate these devia-
tion parameters. Electricity technologies with initially high positive
deviation parameters will then gain, and thus output from these tech-
nologies will increase. Steam coal power had high deviation parame-
ters, and thus production from this technology will increase. The rise
in production depends on the price of steam coal, other cost elements
for steam coal plants, the distribution of fuel efficiency for steam coal
plants and the price of electricity. Relative to other fuels, steam coal is
cheap, but this effect is to some extent modified by rather low effi-
ciency in steam coal power plants. Overall, marginal costs of produc-
tion are quite low for steam coal power after the partial liberalization
of domestic electricity markets, and hence the model predicts a large
increase in steam coal power production.

Note that due to increased steam coal power production, the
user-price of steam coal (average over all model countries and all user
groups) increases by 25% in the short run. The significant short-run
price effect reflects low supply elasticities of steam coal, whereas in
the long run the price increase ismoderate (3%) due to high supply elas-
ticities. This is one reason why the short-run increase in steam coal
power (39%) is lower than the long-run response (84%). In addition,
in the long run there is profitable investment in steam coal power
plants.



Table 3
Partial liberalization of energy markets: electricity is liberalized first; changes in electricity supply, gas consumption and average end-user prices for electricity and gas
(percentage).

Electricity supply Electricity price Gas consumption Gas price

Short run Long run Short run Long run Short run Long run Short run Long run

Partial liberalization in:
Electricity productiona 2.6 −4.3 0.0 0.4
Domestic electricity retail 6.9 17.9 −21.6 −31.2 0.0 3.2 8.0 1.6
International electricity trade 0.2 −1.2 −1.2 1.6 0.0 0.2 −2.3 0.3
Domestic gas retail −0.1 0.6 0.1 −1.2 0.0 5.0 −3.6 −9.1
International gas trade −0.1 0.4 0.2 −0.4 −0.7 1.9 2.1 0.9
Total effect 9.4 17.7 −26.8 −31.2 −0.7 10.3 4.6 −6.3

a In the long-run version of the model, it is only possible to identify the combined effect of the liberalization of electricity production and the liberalization of domestic electricity
retail.
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Production from gas-fired power plants also increases due to the
liberalization of domestic electricity markets, but measured in quan-
tity (TWh) it is only about a quarter of the increase in steam coal
power. On the other hand, there is a reduction in oil-based thermal
power production, which after liberalization suffers from high costs.

Increased electricity production explains a substantial part of the
welfare gain. There is, however, also an effect of equalizing net elec-
tricity prices (end-user prices less transport losses, costs of domestic
transport, costs of distribution and taxes) across end users in a
model country, which is part of the effect of liberalizing domestic
electricity markets. Table 4 shows that in the short run, almost the en-
tire reduction in electricity prices due to the liberalization of electric-
ity retail is enjoyed by households (29.4%), whereas the reduction in
prices to industry is marginal. In the long run, it is not possible to sep-
arate the effects of production efficiency and distribution efficiency of
electricity (due to the way the long-run model is calibrated), but the
combined effect is a reduction in prices for both user groups, though
the reduction is much larger for households than for industry (36.9%
vs. 16.3%). The model simulations thus indicate significant price
discrimination between end users of electricity in 2000, with corre-
sponding welfare gains when the price discrimination is removed.
5.2. Natural gas

We have already identified that one effect of liberalizing domestic
electricity markets is increased gas power production. Demand for
gas from gas-fired power plants therefore increases. Because total ex-
traction of gas is given in the short run (per assumption), the
end-user price of gas – average over all model countries and all user
groups – increases in the short run (by 8%: see Table 3) due to the lib-
eralization of domestic electricity markets. As seen from Table 4, the
short-run percentage increase for households (5%) is lower than
that for the other user groups of gas (12 and 18%), reflecting primarily
that households, which have high costs of distribution, face by far the
highest end-user price prior to liberalization.
Table 4
Partial liberalization of energy markets: change in average end-user prices for electricity an

Electricity

Households Industry

Short run Long run Short run Long run

Partial liberalization in:
Electricity productiona −3.2 −7.4
Domestic electricity retail −29.4 −36.9 −0.6 −16.3
International electricity trade −1.0 1.5 −1.9 1.9
Domestic gas retail 0.2 −0.9 0.2 −1.8
International gas trade 0.1 −0.4 0.3 −0.6
Total effect −33.3 −36.7 −9.4 −16.8

a In the long-run version of the model, it is only possible to identify the combined effect o
retail.
In the long-run version of the model, we assume that the level of
natural gas extraction is determined by competitive supply functions,
see discussion in Section 4. As is well known, a change in market
structure from non-competitive behavior (observed in 2000) to com-
petitive supply tends to increase supply. Therefore, in the long run
increased demand for gas due to the liberalization of domestic elec-
tricity markets is counteracted by increased supply of gas. The net ef-
fect of the liberalization of domestic electricity markets is a modest
increase in the long-run average user prices for gas for all groups
(1–3%: see Table 4).

We now turn to liberalization of gas markets. In both the short and
long run, the liberalization of international gas transmission has mar-
ginal impact on the average gas price. On the other hand, the liberal-
ization of domestic gas retail has impact on the price of gas. In 2000
there was price discrimination in the domestic gas market because
net prices (end-user prices less cost of domestic transport, cost of dis-
tribution, domestic losses and taxes) differed across user groups.
When eliminating the deviation parameters in domestic gas retail,
households benefit significantly – in all model countries gas is
moved from the industry sector and also from gas power production
to the household sector, thereby equalizing net prices. The short-run
end-user price of gas decreases by 9% for households because of liber-
alization of gas retail (see Table 4), whereas the prices for industry
and gas power increase by 5%. These numbers can be compared to
the deviation parameters for gas retail in Section 4; 15%, 12% and
16% for households, industry and gas power, respectively. Further,
the short-run average price of gas decreases by 4% (see Table 3),
whereas the long-run price of gas decreases by 9% due to liberaliza-
tion in gas retail. The difference between the short-run and the
long-run effect mainly reflects increased extraction of gas in the
long run (see discussion above).

5.3. Price variations

Liberalizing domestic retail removes price discrimination and
should equalize producer prices, that is, end-user prices less domestic
d gas by groups (percentage).

Nature gas

Households Industry Gas power

Short run Long run Short run Long run Short run Long run

−1.0 2.3 3.7
6.0 1.1 9.7 2.5 13.9 2.4

−1.3 0.1 −3.7 0.8 −4.0 0.3
−8.5 −12.3 4.8 −2.4 5.0 −4.1

2.3 1.3 3.7 0.2 −1.1 0.2
−2.5 −9.8 16.8 1.1 17.5 −1.2

f the liberalization of electricity production and the liberalization of domestic electricity
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losses, cost of domestic transport, cost of distribution and taxes,
across different users in the same country. The dispersal of producer
prices can be measured by the coefficient of variation: that is, the
standard deviation relative to the average.

As seen from Table 5, the short-run effect of liberalizing domestic
gas retail (after there has been a full liberalization of electricity) is a
drop in the coefficient of variation for the national gas producer prices
from 0.37 to 0.27. Because the coefficient of variation is zero within
each country after domestic retail has been liberalized, the estimate
of 0.27 reflects remaining differences in gas producer prices between
countries.

When liberalizing international trade in Western Europe, energy
is moved from high-price countries to low-price countries in order
to obtain arbitrage profits. However, due to costs of international
transmission, as well as capacity constraints in international trans-
mission, producer prices are not completely equalized across coun-
tries. As seen from Table 5, the liberalization of international gas
transmission lowers the short-run coefficient of variation for national
producer prices of gas from 0.27 to 0.09. Thus, in the short run most of
the price differences between national producer prices of gas are
eliminated after a full liberalization. Moreover, in the long run,
when transmission capacity can be expanded, almost all price differ-
ences between countries are eliminated as a full liberalization lowers
the coefficient of variation for national producer prices of gas to 0.03.

For electricity, the short-run coefficient of variation for the nation-
al producer prices drops from 0.45 to 0.35 due to the liberalization of
domestic electricity retail, and further to 0.24 after a complete liberal-
ization. The relatively high short-run coefficient of variation after a
complete liberalization (0.24) mainly reflects binding capacity con-
straints in international electricity transmission. In the long run, the
strictly positive coefficient of variation (0.11) reflects the fact that it
is not profitable to expand electricity transmission lines to the extent
that all differences in net prices between countries are eliminated.

Because liberalization of international transmission lowers the co-
efficient of variation for national producer prices, one might guess
that the coefficient of variation for national end-user prices would
also drop. This is the case for electricity, but not for natural gas. Our
calculations reveal that the partial effect of liberalizing international
transmission of gas is an increase in the short-run coefficient of vari-
ation for national end-user prices of gas (from 0.25 to 0.31). In fact,
the total effect of a full liberalization is an increase in the short-run
coefficient of variation for national end-user prices of gas from 0.26
(in 2000) to 0.33. The increase reflects the fact that in 2000 there
was a tendency for negative correlation on the country level between
end-user prices of gas and producer prices of gas. Hence countries
with high end-user prices for gas had low producer prices and vice
Table 5
Partial liberalization of energy markets: coefficient of variation across countries for na-
tional producer prices for electricity and gas.

Electricity Natural gas

Short run Long run Short run Long run

Partial liberalization in:
Calibration (estimated
producer prices)

0.45 0.44 0.28 0.17

Electricity productiona 0.46 0.58
Domestic electricity retail 0.35 0.22 0.40 0.25
International electricity trade 0.27 0.12 0.37 0.24
Domestic gas retail 0.27 0.13 0.27 0.17
International gas trade 0.24 0.11 0.09 0.03

a In the long-run version of the model, it is only possible to identify the combined ef-
fect of the liberalization of electricity production and the liberalization of domestic
electricity retail.
versa. When the difference in producer prices between countries is
reduced (because of liberalization), roughly countries with high ini-
tial producer prices experience lower producer prices, and also
end-user prices in these countries, which initially are low, are re-
duced. Further, countries with low initial producer prices experience
higher producer prices, and also end-user prices in these countries,
which initially are high, are increased. Hence, the low initial
end-user prices are reduced, whereas the high initial end-user prices
are increased, thereby increasing the coefficient of variation for end-
user prices of gas.
5.4. Redistribution: gas vs. electricity

Liberalization causes important redistributions of economic surplus
and has also impact on global economic welfare. As can be seen from
Table 2, the welfare effects of liberalizations differ between electricity
and gas. First, there are significant global economic welfare gains, and
also redistribution effects (transfer from producer surplus to consumer
surplus), from liberalizing domestic electricity markets. The economic
welfare and redistribution effects of liberalizing domestic gas markets
aremuch smaller, though qualitatively similar. These differencesmainly
reflect that the total amount of electricity increasesmuchmore than the
total amount of gas, which mirrors the fact that gas is a scarce natural
resource in limited supply,whereas electricity is a produced commodity
with suboptimal supply in 2000 due to market imperfections. The dif-
ferences in quantity response imply that the average price of electricity
drops much more than the average price of gas.

Second, there is a considerable redistribution from international gas
traders to gas producers when international gas transmission is liberal-
ized, as this type of liberalization allows the gas producers to sell directly
to the end users in themodel countries. Under this partial liberalization,
the difference between national producer prices of gas is almost elimi-
nated because all arbitrage profits in international gas transmission are
exhausted: see the discussion above. Hence international traders in
gas suffer significant losses. For example, Norway as a gas producer ben-
efits from liberalization of international gas transmission, whereas Nor-
way as an owner of international transmission pipes loses. Note that
presently much of the gas is sold on long-term contracts, yet such con-
tracts are not incorporated into our model. LIBEMOD MP may thus
overestimate this redistribution, especially in the short run, when
contracts are still valid and end-user prices of gas increase because of in-
creased demand. In addition, the gas importing countries may counter-
act the transfer of rent to the gas producers by taxing the use or imports
of gas (if there are no legal constraints to suchmeasures in international
agreements). This policy alternative is not analyzed within the model.

Whereas there are significant redistribution effects when liberal-
izing international gas transmission, there are only small redistribu-
tion effects when liberalizing international electricity transmission.
What explains this difference between gas and electricity?

Trade flows between model countries, measured, for example, as
a share of total consumption, were, prior to liberalization, signifi-
cantly lower for electricity than for gas, reflecting the fact that elec-
tricity is a good being produced in all countries, whereas a large
fraction of total extraction of gas takes place in a limited number of
countries. Hence, prior to the liberalization the gross value of inter-
national gas trade is much higher than the gross value of internation-
al electricity trade.

Further, while the liberalization of international gas transmission
eliminates almost all differences in the national producer prices of
gas and thus removes the source of making profits in international
gas transmission, there are significant differences in national produc-
er prices for electricity even after a complete liberalization: see the
discussion above. The combination of these two factors explains
why there are much larger redistribution effects for natural gas than
for electricity when trade in Western Europe is liberalized.
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5.5. Robustness

Above we have examined the case when electricity is liberalized be-
fore gas. The effects of a partial liberalization may, however, depend on
the order in which different markets are liberalized. To analyze the im-
pact of the order of liberalization, we compare the case in which gas is
liberalized before electricity to the (initial) case inwhich electricity is lib-
eralized before gas. In both instances, domestic markets are liberalized
before international transmission. The welfare effects of the different
stages of liberalization are shown in Table 6, where the effects are
reported in the same order as in Table 2 (electricity is liberalized first)
to make the comparison easier.

As can be seen from Table 6, the order of liberalization has in gen-
eral little impact. For short-run effects, the largest difference is found
in the distribution between consumer and producer surpluses in the
model countries when electricity production is liberalized. For this
type of partial liberalization, the effects on consumer surplus and pro-
ducer surplus are largest when electricity markets are liberalized first.
Note also that liberalizing domestic gas markets has a greater
short-run redistributive effect from producer surplus to consumer
surplus when gas is liberalized first. More generally, in the short run
there is a slight ‘diminishing returns’ effect with respect to domestic
market liberalizations: that is, the partial effect of liberalizing gas is
highest if gas is liberalized before electricity, and the partial effect of
liberalizing electricity is highest if electricity is liberalized before
gas. This is roughly the case for price and quantity responses, as
well as for redistribution between consumers and producers.

For the long-run effects of liberalizing domestic markets on con-
sumer and producer surpluses, as well as the impact on global eco-
nomic welfare, there is no clear ‘diminishing returns’ effect. In fact,
for consumer surplus the effect of liberalizing domestic gas markets
is actually slightly larger when gas is liberalized after electricity.

6. Concluding remarks

Earlier studies have considered the effects of a complete liberaliza-
tion in Western Europe of either gas markets (Golombek et al., 1995),
or electricity markets (Amundsen and Tjøtta, 1997), or both the gas
and the electricity markets (Aune et al., 2004, 2008a). By contrast,
in the present paper we focus on the effects of partial liberalizations,
posing the questions: in which markets does liberalization yield large
benefits, and where are the benefits smaller?
Table 6
Partial liberalization of energy markets: gas is liberalized first (G) and electricity liberalized

Consumer
surplus in model
countries

Producer s
model cou

G E G

Short run Partial liberalization in:
Electricity production 7.5 11.1 −2.4
Domestic electricity retail 43.7 42.6 −36.6
International electricity trade 3.6 4.4 −3.0
Domestic gas retail 5.5 3.5 −2.9
International gas trade −1.0 −2.4 −1.6
Total effect 59.2 59.2 −46.5

Long run Partial liberalization in:
Electricity productionc

Domestic electricity retail 69.9 73.0 −48.4
International electricity trade 1.6 −3.5 −0.2
Domestic gas retail 8.9 10.7 −9.8
International gas trade 0.1 0.2 2.0
Total effect 80.4 80.4 −56.4

a Sum of consumer surplus, producer surplus and tax revenues to the government in the
mission connection.

b Sum of consumer surplus, producer surplus, tax revenues to the government and inter
c In the long-run version of themodel, it is only possible to identify the combined effect of th
We find that a liberalization of electricity has stronger quantity
and welfare effects than a liberalization of gas. Does this mainly re-
flect the fact that the electricity market is approximately three
times as large as the gas market? The answer is no: the welfare effects
of electricity liberalization are roughly ten times as large as those of
gas liberalization. But maybe our result reflects that extraction of
natural gas has been assumed to be cost efficient, which is not the
case for supply of electricity? Again the answer is no: Table 2 shows
that roughly 80% of the total welfare gain can be attributed to liberal-
ization of electricity retail. Moreover, the gains from liberalization of
electricity retail are about 25 times larger than the gains from gas re-
tail liberalization. Thus, the greater quantity and welfare effects of lib-
eralizing electricity markets reflect differences in market structure
and resource rent between electricity and natural gas.

We also find that the liberalization of domestic energy markets has
(overall) stronger effects than a liberalization of trade in energy be-
tween Western European countries. In particular, the liberalization of
domestic electricity markets increases production of electricity signifi-
cantly, leads to significant redistribution from producers to consumers,
and increases global welfare. The liberalization of trade in energy in
Western Europe has a small impact on prices and quantities, yet the
liberalization of international gas transmission redistributes huge
amounts ofmoney from the transmission companies to the gas resource
owners. A full liberalization increases (long-run) economic welfare in
Western Europe by around $16 billion per year, which corresponds to
about 7%of gross value added in the energy industry inWestern Europe.

All the different types of partial liberalization increase global wel-
fare, both in the short run and the long run. There is one exception,
namely, the liberalization of international gas transmission in the
short run. Due to pre-existing taxes, a liberalization of international
gas transmission tends to increase the differences in marginal willing-
ness to pay for gas across countries in the short run. This type of result
is known from the second-best literature: if a change (liberalization of
all markets) that raises total welfare is split into several steps (several
partial liberalizations), then each step (each partial liberalization) may
not be welfare-improving— see, for example, Dixit (1975).

The present simulation study uses data from 2000, and hence
compares the outcome after different types of liberalizations with
the observed 2000 outcome. While it would have been desirable to
use a more recent base year, using data from 2000 reflects partly
that there is considerable lag in data production and publication. Typ-
ically, data for a year may be available after two-three years. Second,
first (E); effects on welfare of each step (1000 billion USD).

urplus in
ntries

International
trader surplus

Sum model
countriesa

Sum all
countriesb

E G E G E G E

−6.4 0.1 −0.9 4.1 3.9 0.6 0.8
−35.3 −3.5 1.8 2.9 4.7 10.5 9.9
−2.3 0.6 −1.3 0.7 0.6 0.7 0.7
−1.8 −1.9 −1.3 −0.8 −1.0 0.4 0.4
−0.7 −0.2 −3.3 −1.4 −2.7 0.0 0.3

−46.5 −5.1 −5.1 5.5 5.5 12.0 12.0

−51.7 −2.8 −1.4 16.9 17.0 19.0 17.9
3.6 0.5 0.3 1.0 0.1 0.5 0.1

−9.7 2.4 1.2 0.2 1.2 1.1 1.9
1.4 −9.6 −9.6 −1.9 −2.2 −0.4 0.2

−56.4 −9.5 −9.5 16.2 16.2 20.2 20.2

model countries, plus half the international trader surplus on each international trans-

national trader surplus in all countries.
e liberalization of electricity production and the liberalization of domestic electricity retail.
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updating and recalibration of a comprehensive model like LIBEMOD
MP requires a lot of effort. Third, based on earlier experience of
updating and recalibrating the model, the main results of a major pol-
icy change – like a liberalization – should not change very much. Still,
it is possible that more recent data, for example, a data year with fos-
sil fuel prices more in line with those of 2009, could have led to signif-
icantly different results. For an examination of the robustness of a full
liberalization with respect to, for example, the crude oil price, see
Aune et al. (2008a).

LIBEMOD MP mainly applies a bottom up modeling strategy, par-
ticularly for supply of electricity, which opens for larger effects than
by imposing top down smooth supply curves, particularly in the
long run. However, the experience in the energy markets underlines
the fact that large shifts are also a feature of reality: for example, in
1995/6 the annual UK gas price dropped by roughly one-third, mainly
because of major changes in the market structure.

LIBEMOD MP is a deterministic model, neglecting all types of un-
certainties. One topic for future research is the impact of liberalization
on the division of risk, which may differ across market segments.
Such an analysis would be very challenging, requiring specification
of the sources of uncertainties, for example, fossil fuel prices, weather
conditions and supply interruptions, as well as the set of diversifica-
tion opportunities of different agents. Such a framework would, for
example, facilitate a theoretically satisfying examination of security
of supply — before and after a liberalization.

Throughout the paper we have neglected the fact that liberalization
causes higher emissions of CO2 through increased use of fossil fuels, par-
ticularly in coal-fired power plants. Is there a net welfare gain of liberali-
zation when this externality is taken into account? A complete
liberalization increases global emissions by 315 Mt CO2 in the long-run
version of the model, which – according to our model – amounts to
roughly 8% of CO2 emissions in Western Europe. Because energy market
liberalization in Western Europe increases annual global economic wel-
fare by 20.2 billion USD, see Table 2, themodel predicts that a full liberal-
ization will raise global welfare (after taking into account increased CO2

emissions) if the social cost of CO2 emission is less than 315
20:2 ¼ 64 USD

per ton CO2.
Typically, the international carbon permit price is estimated to be

significantly below $20 per ton CO2 in the Kyoto period: see, for ex-
ample, Springer and Varilek (2004). This suggests that a radical lib-
eralization of the electricity and natural gas markets in Western
Europe will raise global welfare even without a CO2 policy. However,
in order to maximize global welfare one should fully liberalize the
Western European energy markets and also impose an optimal car-
bon tax. This exercise is beyond the scope of the present paper. How-
ever, if a uniform tax of $12 per ton CO2 is imposed in our model
along with a complete liberalization, emissions are unchanged
whereas economic welfare increases. Hence, a radical liberalization
combined with a suitable taxation of CO2 emissions will for sure
raise global welfare.
Acknowledgment

Research support from the Research Council of Norway under the
programs RENERGI and PETROSAM are gratefully acknowledged.

References

Amundsen, E., Tjøtta, S., 1997. Trade and price variation in an integrated European
power market. Applied Economics 29, 745–757.

Aune, F.R., Golombek, R., Kittelsen, S.A.C., Rosendahl, K.E., 2004. Liberalising the energy
markets of Western Europe — a computable equilibrium model approach. Applied
Economics 36, 2137–2149.

Aune, F.R., Golombek, R., Kittelsen, S.A.C., Rosendahl, K.E., 2008a. Liberalizing European
Energy Markets: An Economic Analysis. Edward Elgar.

Aune, F.R., Brekke, K.A., Golombek, R., Kittelsen, S.A.C., Rosendahl, K.E., 2008b. LIBEMOD
and LIBEMOD MP: a technical description. Working paper 1/2008, Frisch Centre.

Borenstein, S., Bushnell, J.B., Wolak, F.A., 2002. Measuring market inefficiencies in
California's restructured wholesale electricity market. American Economic Review
92 (5), 1376–1405.

Bråten, J., Golombek, R., 1998. OPEC's response to international climate agreements.
Environmental and Resource Economics 12, 425–442.

Commission of the European Communities, 2005a. Annual Report on the Implementa-
tion of the Gas and Electricity Internal Market, COM (2004) (863 final).

Commission of the European Communities, 2005b. Report on Progress in Creating the
Internal Gas and Electricity Market, COM (2005) (568 final).

Dixit, A., 1975. Welfare effects of tax and price changes. Journal of Public Economics 8,
103–107.

Dixit, A., 1987. Tariffs and subsidies under oligopoly: the case of the US Automobile In-
dustry. In: Kierzkowski, H. (Ed.), Protection and Competition in International
Trade. Basil Blackwell, Oxford, pp. 112–127.

Egging, R.G., Gabriel, S.A., 2006. Examining market power in the European natural gas
market. Energy Policy 34 (17), 2762–2778.

European Commission, 2010. Communication from the Commission to the Council and the
EuropeanParliament. Report onProgress inCreating the InternalGas andElectricityMar-
ket (http://ec.europa.eu/energy/gas_electricity/doc/2010/com_2010_0084_f_en.pdf).

European Parliament, 2003a. ‘The Electricity Directive’, Directive 2003/54/EC of the Eu-
ropean Parliament and of the Council of 26 June 2003.

European Parliament, 2003b. ‘The Gas Directive’, Directive 2003/55/EC of the European
Parliament and of the Council of 26 June 2003.

European Union, 2005. Report on Progress in Creating the Internal Gas and Electricity
Market, Communication from the Commission to the Council and the European
Parliament, SEC (2005), p. 1448.

Golombek, R., Bråten, J., 1994. Incomplete international climate agreements: optimal
carbon taxes, market failures and welfare effects. Energy Journal 15 (4), 141–165.

Golombek, R., Gjelsvik, E., Rosendahl, K.E., 1995. Effects of liberalizing the natural gas
markets in Western Europe. Energy Journal 16 (1), 85–111.

Grossman, G.E., Helpman, E., 1994. Protection for sale. American Economic Review 84
(4), 833–850.

Holz, F., von Hirschhausen, C., Kemfert, C., 2008. A strategic model of European gas sup-
ply (GASMOD). Energy Economics 30, 766–788.

IEA, 1998. Natural gas distribution. Focus on Western Europe.OECD/IEA, Paris.
Lohmann, H., 2006. The German Path to Natural Gas liberalisation: Is It a Special Case?

Oxford Institute for Energy Studies, NG 14, Oxford.
Newbury, D., 2006. Electricity liberalization in Britain and the evolution of market

design. In: Sioshansi, F.P., Pfaffenberger, W. (Eds.), Electricity Market Reform: An
International Perspective. Elsevier, Oxford.

Sioshansi, F.P., Pfaffenberger, W. (Eds.), 2006. Electricity Market Reform: An International
Perspective. Elsevier, Oxford.

Springer, U., Varilek, M., 2004. Estimating the price of tradable permits for greenhouse
gas emissions in 2008–12. Energy Policy 32 (5), 611–621.

Varian, H.R., 1992. Microeconomic Analysis, third edition. Norton, New York.
Wolfram, C.D., 1999. Measuring duopoly power in the British electricity spot market.

American Economic Review 89 (4), 805–826.

http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0005
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0005
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0010
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0010
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0010
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0015
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0015
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0110
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0110
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0025
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0025
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0025
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0030
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0030
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0115
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0115
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0120
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0120
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0040
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0040
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0035
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0035
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0035
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0045
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0045
http://ec.europa.eu/energy/gas_electricity/doc/2010/com_2010_0084_f_en.pdf
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0160
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0160
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0165
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0165
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0140
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0140
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0140
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0065
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0065
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0070
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0070
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0075
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0075
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0080
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0080
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0150
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0145
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0145
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0085
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0085
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0085
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0170
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0170
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0095
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0095
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0155
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0105
http://refhub.elsevier.com/S0264-9993(13)00241-1/rf0105

	Is electricity more important than natural gas? Partial liberalizations of the Western European energy markets
	1. Introduction
	2. Modeling market imperfections
	2.1. Cournot vs. conjectural variation
	2.2. Market structure — electricity production
	2.3. Market structure — domestic retail
	2.4. Market structure — international transmission
	2.4.1. Identification of partial liberalizations


	3. The model
	4. Data and calibration
	5. Results
	5.1. The main welfare effects: domestic electricity markets
	5.2. Natural gas
	5.3. Price variations
	5.4. Redistribution: gas vs. electricity
	5.5. Robustness

	6. Concluding remarks
	Acknowledgment
	References


