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Abstract

The aim of this paper is to examine the impact of a liberalization of the West-European
natural gas markets within a numerical model. We study profit maximizing Cournot producers
facing an ideal third party access for gas transport in Western Europe. In each country there
are two types of end-users, small consumers in the residential, commercial and public sector
and large users in the manufacturing industry and in the electric power supply. The analysis
proceeds in stages. We first examine the case where no traders exploit arbitrage possibilities
and some producers have limited access to the markets. In this equilibrium net prices differ
across markets. These differences disappear in the second case where traders are introduced.
The third case focuses on a complete European market for natural gas in which traders exploit
all arbitrage possibilities and all producers are in a position to sell gas in all markets. We also
study the impact on the complete European market of changes in costs of production, costs
of transport and costs of distribution. Finally, we examine the impact of banning gas sales
consortia in Western Europe. We show that this measure increases welfare in Western Europe,
whereas profits to non-European producers decrease.
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1. Introduction

The natural gas industry in Western Europe is subject to a number of government regulations

and controls: As of 1994, in e.g. Italy one subsidiary company of the state owned corporation

ENI is responsible for most of the purchase, transport and sale of natural gas to the

distributors, whereas another subsidiary of ENI has a monopoly of domestic gas production,

cf. Cameron (1990). In France, the state owned Gaz de France still has a legal import

monopoly and virtually a monopoly over transport. In the Netherlands, the state owns 50%

of Gasunie, the sole company which is involved in gas trading and transport.

On the other hand, over the last years there have been some tendencies to stricter gas

competition in Western Europe. In 1989, Wintershall, a former small German gas producer,

announced that it planned to build a transmission line from Emden (the landfall of Norwegian

gas supplies to Continental Europe) to Ludwigshafen, the headquarter of Wintershall's parent

company BASF, cf Stern (1992). One year later it became evident that Wintershall was a

major player in German gas transportation when the company announced an agreement with

Gazprom (the organization which controlled gas exports from the former USSR) to market

Soviet gas in the eastern part of Germany. In the UK. a liberalization process started in 1986

when British Gas Corporation was transferred to the private sector intact as a 100 per cent

monopoly supplier. Two years later, the Monopolies and Mergers Commission reported that

competition had been slow to emerge. The Office of Fair Trading drew the same conclusion

in 1991. The lesson from the UK is clearly that it is necessary with a radical new regulation

(of tariff principles, price transparency etc.) to achieve a more competitive market for natural

gas.

Also the Commission of the European Union (EU) has made efforts to liberalize the natural

gas industries. This became apparent in 1988 when the Commission published a working

document on the International Energy Market, cf. Commission of the European Communities

(1988). The document, which encompassed a number of new initiatives like harmonization

of taxation, price transparency and interconnection of grids, made it clear that the position of

the Commission from the mid 1980s to largely exclude the energy sector from the Single

European Market, had been changed.



The proposals from the EU met opposition from several Member States and gas industries.

Four years later the Commission issued a Draft Directive which introduced a strategy to

liberalize the gas market in three stages, cf. Commission of the European Communities

(1992). The first stage took place in 1990 and 1991 when the Directive on price transparency

and the Directive on transit of gas between high pressure transmission grids were passed. In

stage 2, originally intended to enter into force on January 1 1993, enhanced competition

should be accomplished by a new way of organizing transport of natural gas. The basic idea

was simply that pipeline companies agree to carry gas - which is owned by another agent -

in return for payment (to the extent that there is capacity available). Other principal elements

were a transparent and non-discriminatory licensing system and separation within vertically

integrated undertakings of the management and accounting ("unbundling").

Moreover, on the basis of an evaluation of stage 2, a further liberalization was planned (stage

3). The idea was to "complete the internal market for gas and electricity". Finally, the Draft

Directive also emphasized the principle of subsidiarity: "The Commission should not impose

rigid mechanisms, but rather should define a framework enabling Member States to opt for

the system best suited to their natural resources, the state of their industry and their energy

policies".

The importance of the passed Directives on price transparency and transit has so far been

limited. In December 1992, the Council of Energy Ministers asked the Commission to revise

the Draft Directive of 1992, stressing the importance of the principle of subsidiarity.

According to Hopper (1994), early in 1994 a new version had been worked out by the

Commission. The proposal, which could be supported by the European parliament, has weaker

impositions on Member States' transmission and distribution companies. On the other hand,

observers do not rule out that over the next 10-20 years, the general process in the EU of

removing barriers to trade could lead to significant changes in the natural gas markets. Hence,

it is of interest to examine how new measures to promote competition may affect the natural

gas markets in Western Europe. This paper gives rough estimates of the long-run impact on

prices, quantities and welfare (the sum of consumer surplus and producer profits) that could

follow from a liberalization of the natural gas markets in Western Europe.



In analysing the future markets for natural gas in Western Europe, one should be aware that

it is virtually impossible to predict the final outcome of the liberalization process. On the

other hand, data availability strongly limits the set of feasible numerical models of the natural

gas industry. In this study we focus on a feasible case that reflects \heprincipal elements of

the 1992 Draft Directive of the EU Commission, namely the comer case of a non-

discriminatory regulation in which all economic agents are free to rent gas transport services

and companies in the gas industry are forced to compete.

One main difference between the present European gas market and the Draft Directive

concerns natural gas transport. Today there are long-term contracts between the producer and

a pipeline. The pipeline buys natural gas from the producer and resells the gas to local

distribution companies (LDCs) and large end-users. In this study we focus on a regime in

which pipeline companies only carry gas which is owned by another agent ("a third party"),

in return for money (the tariff). Such a regulation is termed third party access (TPA) to gas

transport. A key question is then: how are tariffs determined?

The EU proposal for an internal natural gas market suggests that transport tariffs for

transmission companies (high pressure pipelines) should be "reasonably related to the long-

term costs incurred in the provision of the relevant service, together with a reasonable rate

of return on capital employed in the provision of that service", Article 12.6. A similar

principle should regulate transport of gas in local and regional pipeline systems (Article 19.6).

This means that a pipeline company and a (large) customer will bargain over the tariff, given

that the tariff should not give the pipeline more than a normal rate of return.

From a theoretical point of view, the outcome of tariff negotiations are not clear because

theory does not offer many guidelines for the equilibrium of simultaneous bilateral bargaining

games with several buyers and sellers. Moreover, although the tariff question has been

addressed in the applied literature, see e.g. Stem (1992), a unique workable principle has not

been reached. In this study we assume that tariffs are set by a benevolent regulator so that

a pipeline company obtains a normal rate of return per dollar invested. As we are forced - due

to limited data availability - to assume that for each pipeline company total cost of

transporting one unit of gas one km is constant (although unit costs differ across pipeline



companies), tariffs are simply set equal to total long-run unit costs.

The paper is organized as follows. In Section 2 we describe how we model the natural gas

industry after a radical liberalization has been implemented and explain how the parameters

of the model are determined. In the model, natural gas is consumed in six major Western

European countries. In each of these countries there are two end-user markets, one for small

consumers and one for large users of gas. We distinguish between two groups of natural gas

producers according to level of production and degree of export. The major producers are

modelled as Cournot players. In the model there are ideal TPA systems for transportation,

storage and load balancing that allow equal opportunity to all players, allow no form of

discrimination and are entirely transparent. All services are offered at fixed rates which reflect

total long-run unit costs, i.e. the owners of the facilities obtain a normal rate of return.

Producers of gas, which buy transport services and services necessary to meet fluctuations in

demand, sell gas to large end-users and to local distribution companies (which resell the gas

to small end-users).

Note that it may take several years to liberalize the natural gas markets: Since natural gas is

currently sold under long-term contracts it is necessary with a transition period where existing

contracts are phased out and new contracts are phased in. Hence, we study a hypothetical

long-run equilibrium. To be more specific, the model simulates a static long-run equilibrium

in which costs reflect a "typical" year between 1990 and 2010, e.g. the year 2000. Moreover,

because we focus on long-run aspects, it is legitimate to neglect bottle-necks in the transport

grids: Assume that demand for transport (in the short-run) is higher than capacity. Because

the pipeline only obtains the fixed transport tariff, we assume in line with standard theory that

the pipeline expands capacity until it equals demand1. Needless to say, if capacity is larger

than demand, profit has not been maximized because costs are unnecessary high.

1 If capacity is lower than demand, either capacity has to be rationed or a market clearing tariff
has to be used (assuming that the difference between the market clearing price and the fixed tariff
is collected by the regulator). Because a pipeline makes zero profit under our regulation (when
capacity is less than or equal to demand), to give the pipeline an incentive to increase capacity the
regulation scheme should actually be slightly modified, e.g. by a positive relationship between the
tariff and gas transported (with a derivative close to zero).



Section 3 examines three static long-run equilibria. We first examine the case where gas users

in the UK are served only by domestic production and Norwegian exports (the present

situation"), whereas consumers in other countries are served by all Coumot producers. With

profit maximizing Cournot producers, net prices (end-user prices less of costs of storage, load

balancing and distribution) differ both across end-user markets in a country and across

countries. In the next scenario net prices are equal because all arbitrage possibilities are

assumed exploited by traders. Finally, in the third case (the complete market scenario) traders

exploit all arbitrage possibilities and all major gas producers are in a position to sell gas in

all markets.

Section 4 examines the impact on the complete market scenario of changes in costs of

production, costs of transport and costs of distribution. In particular, we focus on how the

equilibrium changes when transport tariffs in Western Europe are changed: what is the impact

on total production, market shares and profits of a drop in the transport tariffs by 25 per cent?

As discussed above, in 1992 the ultimate goal of the EU Commission was to establish a

single efficient market for natural gas. Moreover, as the general competitive legislation of the

EU is fairly strict, it is possible that in the future the EU will try to break up monopolies in

the gas industry. In Section 5 we therefore compare the complete market scenario with the

case in which gas sales consortia in Western Europe are broken up. Finally, Section 6

provides a welfare assessment of measures examined in this study and gives some comments

on the impact of market growth in a liberalized Western European natural gas market.



2. Data and calibration

Demand

Natural gas is consumed in almost all Western European countries. Consumption varies,

however, substantially: while there is no consumption of natural gas in Norwegian households,

96 per cent of Dutch households use gas heating, cf. Intergas Marketing (1993). To simplify,

in this study we focus on natural gas consumption in six major countries; Belgium, France,

(West) Germany, Italy, the Netherlands and the United Kingdom. In 1990 (the base year),

natural gas consumption in these countries amounted to 75 per cent of total gas consumption

in Western Europe, cf. BP Review of World Gas. In each country we distinguish between

small and large users of natural gas: a small user is an agent in the residential, commercial

or public sector, whereas large users are found in the manufacturing industry and in electric

power production (gas-fired thermal power). Henceforth, we term the first group the

household market, and the second group the industry market.

In Western Europe, natural gas competes mainly with light fuel oil in the household markets

and heavy fuel oil in the industry markets. According to several observers, cf. e.g. Vrieling.

Munksgaard and Hopper (1989), as a rule of thumb gas prices are set slightly below the

prices of the competing energy fuels. If this is the case, a marginal increase in the price of

gas should trigger off a substantial drop in consumption, i.e. the demand curve is very elastic

above the observed price. This could be modelled by a kinked demand curve. In this study

we have, however, used linear demand curves. Because our equilibrium prices in the

household markets are below the observed 1990 prices, and the equilibrium prices in the

industry markets are mainly around the observed 1990 prices or lower, the kink in the demand

curve is of limited concern in this study2.

2 Kinked demand curves requires (relative to linear demand curves) additional information, e.g.
the marginal willingness to pay for the first unit of gas, which is probably very uncertain.



Table 1: Key parameters

Demand

Price elasticities

Country

Sector

household

industry

Belgium

-1.16

-0.75

France

-1.53

-0.875

Nether-
lands

-0.5

-0.66

Italy

-1.2

-0.715

UK.

-1.18

-0.725

West
Germany

-1.2

-0.695

Costs

Costs are measured in 1990 USD

Costs of production
Marginal cost (in USD per toe) is given by a + bq + c- In (1-q/Q),
where q is production and Q is capacity

Parameter

Country

Algeria

CIS

Netherlands

Norway

UK

a

11

12

3

38

60

b

0

0

0

0.75

1.38

c

0

-22.4

-12

-10

-10

Q

-

100

70

80

47



Table 1 continue

Costs of international transportation

Western Europe
Onshore:
Offshore:
- to Germany
- to UK

CIS
Onshore:

Algeria
Onshore:
LNG:
- to Belgium
- to France
- to UK

2.49 USD per 100 km per toe

3.74 USD per 100 km per toe
7.47 USD per 100 km per toe

0.62 USD per 100 km per toe

1.25 USD per 100 km per toe

50.1 USD per toe
50 USD per toe
50.1 USD per toe

Costs of national transportation (USD per toe)

Country Belgium

1.59

France

15.03

Nether-
lands

4.41

Italy

11.86

UK

7.99

West
Germany

28.77

Costs of storage and load balancing

Household markets 23.62 USD per toe

Industry markets 3.22 USD per toe

Costs of distribution (USD per toe)

Country

Sector

household

industry

Belgium

80

6

France

200

6

Nether-
lands

40

6

Italy

40

6

UK

60

6

West
Germany

100

6



The chosen energy elasticities (at the observed consumption points) build on Birkelund,

Fuglestvedt, Gjelsvik and Aaserud (1991) who identified long-run elasticities by simulating

price increases in a disaggregated econometric model for energy demand in Western Europe.

In general, our price elasticities for the industry markets are lower and show less variation

across countries than the elasticities in the household markets, cf. Table 1. The total direct

price elasticity for natural gas (aggregated over all twelve markets) is -0.93. This is mainly

in line with several other studies, see e.g. Al-Sahlawi (1989) for a survey on price elasticities

for natural gas. Finally, to make quantities in our scenarios comparable with the 1990

outcome, demand functions are calibrated for 1990.

Production

Natural gas is supplied by indigenous production in the six consumption countries, as well

as imports from Algeria, the CIS, the Netherlands and Norway. As production from these nine

countries van' substantially, we distinguish between two groups of producers according to

degree of export and level of production. The large exporters of natural gas, Algeria, the CIS.

the Netherlands and Norway (cf. Table 2), are placed in the same group. Due to a substantial

production of natural gas, the United Kingdom also belongs to this group*. Note that in

Section 3 and 4 we aggregate all producers from a country into a national producer, whereas

in Section 5 we study the case of several national producers.

In Western Europe, governments have been involved in natural gas agreements, particularly

with respect to cross-border transactions. Hence, political considerations, in addition to

profitability, tend to influence supply agreements. In this study we focus, however, on corner

cases where cross-border agreements are determined without government interventions. Hence,

for the major producers extraction is determined by profitability only: we model all major

producers as profit-maximizing Cournot players that act simultaneously. Needless to say,

(particularly) for countries outside Western Europe this is a pure simplification.

3 One could argue that as there are several producers of natural gas in the UK, an assumption
of price taker behaviour is more adequate. However, because the first case of examination in
Section 3 is the one of price discrimination, price taker behaviour is ruled out; if the domestic
producer is large and acts as a price taker, there will be no price discrimination in equilibrium.



Table 2: Natural gas trade in 1990 (in mtoe)

Market

Producer

Algeria

the CIS

Belgium

France

Italy

the Nether-
lands

Norway

United
Kingdom

West
Germany

Total

Belgium

3.5

i

3.5

2.0

9.0

Ranee

8.3

8.9

2.7

4.1

5.1

29.1

Italy

9.9

12.3

15.1

5.3

42.6

Netherlands

22.8

2.0

24.8

United
Kingdom

0.1

6.7

42.5

49.3

West
Germany

20.3

17.7

7.1

13.1

58.2

Total

21.8

41.5

2.7

15.1

53.4

22.9

42.5

13.1

213

1 Less than 0.1 mtoe

Sources: BP Statistical Review of World Energy, Oil and Gas Information 1992.

The second group of producers are those with limited production and no export (Belgium,

France, (West) Germany and Italy). Production from each of these countries is taken as an

exogenous delivery to the domestic market. This could be interpreted as production is

(basically) determined according to political considerations, e.g. to ensure a minimum security

of supply. Alternatively, production is always at full capacity because market prices cover

average costs (and capacity is exogenous). Note that most of our results are valid also for the

case where producers of group two are price takers.

Since we assume that all economic agents can rent transport services and services to manage

demand fluctuations at fixed rates, in the model Cournot producers sell natural gas directly

to LDCs and to end-users in the industry markets. Hence, producers are faced with costs

10



associated with production of natural gas, transportation of natural gas and services to cope

with demand fluctuations in the end-user markets.

Table 1 shows the cost parameters of the model. In line with all observations of the gas

industry, we assume that in each country natural gas is extracted simultaneously from several

fields (with predetermined production capacities) that may have different unit costs. For the

Netherlands, Norway and the UK, available information on production costs clearly justifies

an assumption of increasing marginal costs, cf. e.g. North Sea Service and North West Europe

Service from Wood Mackenzie and annual reports from the Norwegian Petroleum Directorate.

For these countries, the parameters in the marginal cost functions are determined so that cost

curves fit well to available information. In particular, we have assumed that marginal cost of

production for the first unit of natural gas is 3, 38 and 60 USD per toe for the Netherlands

(cf. Blitzer 1986), Norway (the Troll field) and the UK, respectively4.

Turning to cost; of production outside Western Europe, according to Kalim (1991) "it is

virtually impossible to establish a reasonable figure for Soviet production costs but they

themselves are clear on one point: costs have substantially increased, by perhaps as much as

fourfold over the past 15 years". Kalim relates increased costs to "problems of developing gas

fields in regions that are remote and inhospitable, and getting more so with every discover}'".

Moreover, in our model, marginal cost of production could also reflect an unstable political

situation. For the CIS we assume that marginal cost of production doubles as deliveries to the

European market increases from zero to the actual 1990 export quantity (41.5 mtoe, cf. Table

2). Finally, we assume that marginal cost of production in Algeria is constant. This reflects

that Algeria has huge reserves of natural gas in the desert which could be extracted at a very

low cost (11 USD per toe, which is based on Dahl and Gjelsvik (1993)).

4 With our marginal cost functions a+bq+c-ln(l-q/Q) where q is production and Q is capacity,
marginal cost for the first unit of gas is given by a. Note that marginal cost approaches infinity as
production approaches the capacity.

11



Transportation

In this study we distinguish between international and national transportation of gas. By

international transportation we mean transportation of gas from the well-head to the border

of the importing country. By national transportation we mean transportation of gas from the

border to LDCs/large gas users. Because consumers in a country are not situated at the same

point, the estimate for national transportation should be considered as an average cost.

Dahl and Gjelsvik (1993) made a comprehensive survey on costs of production and

international transport of natural gas. In general, several of the referred transport cost

estimates differ significantly. For pipelines, cost per mile per Mcf starts at 0.0005 and ends

(significantly) above 0.002. The estimate of 0.0005 was used by MacDougall and Linder

(1992), who also assumed a multiplicative factor of 2 and 3 for new onshore pipelines and

underwater pipelines, respectively. According to our knowledge, underwater pipelines are

more expensive than onshore pipes, but partly because of costs of land the difference should

not be exaggerated. Moreover, our industry sources claim that actual transport rates in Europe

are (on average) higher than 0.0005 per mile per Mcf. In this study, the tariff for international

onshore transportation in Western Europe is set equal to 0.001 1990 USD per mile per Mcf,

which corresponds to 2.49 USD per 100 km per toe. Due to lack of information on the cost

distribution, this rate is used for all international onshore transportation in Western Europe.

For most pipelines, the tariff for offshore transportation is taken to be 50 per cent higher than

the common onshore rate. This estimate is based on annual reports from the Norwegian

Petroleum Directorate. Also the tariff for offshore transportation to the UK is based on

investment costs published in the annual reports of the Norwegian Petroleum Directorate.

According to this source, unit cost of transport from the North Sea to the UK is as high as

7-8 USD per 100 km per toe. In the study we assume that the tariff to the UK equals 7.49

USD, which is 2 times higher than the common onshore rate. Because the cost estimates for

international transport are uncertain, an important part of this study is to examine how the

equilibrium is affected when transport rates change, cf. Section 4.

As the EU does not have jurisdiction outside Western Europe, the basis of transport tariffs

in Algeria and the CIS could differ significantly from the practice in Western Europe. As

12



transport lines have already been set up, it cannot be ruled out that producers only have to

cover variable costs, which are negligible. On the other hand, if the owner of transport

facilities is virtually identical to the owner of the gas fields, a rational agent would use real

costs in determining extraction and transport.

Transport costs in Algeria and the CIS could be lower than (the average) cost in Western

Europe because costs of e.g. land are cheaper. According to Blitzer (1986), transport costs in

the CIS are approximately 1.25 USD per 100 km per toe, i.e. 50 per cent below our estimate

for Western Europe. As it is virtually impossible to predict how much producers in Algeria

and the CIS will pay for (domestic) transport, it is important to examine the impact of

changes in these costs. As a starting point, we set the transport tariff in the CIS to 25 per cent

of the estimate for Western Europe. In Algeria, the (international) onshore transport tariff is

set equal to 50 per cent of the one for Western Europe. Our costs for LNG transport (from

Algeria) mainly follow the estimates of Adelman and Lynch (1986), cf. Table 1.

For national transportation of gas we rely on a study published by the Ministry of Industry

and Foreign Trade in France where the average cost of national gas transportation in France

is estimated to 15.03 USD per toe, cf. Direction de Gaz. de l'Electricite et du Charbon (1993).

Again, we assume that this rate gives the owner of the national transport line a normal rate

of return (when capacity is equal to demand, cf. the discussion in Section 1). For other

countries we assume that the tariff for national transportation is given by the estimate for

France multiplied by the size of the country relative to France (size is measured by number

of kilometers of transport pipelines).

Finally, to serve end-users producers of natural gas must also be able to meet (seasonal and

daily) fluctuations in demand. This requires storage capacity and load balancing, services

which we assume are offered at fixed rates. Again, these rates should give owners a normal

rate of return. In this study, costs of storage and load balancing are taken from the report

from the French Ministry of Industry and Foreign Trade. Due to limited information, we use

these estimates for all countries, cf. Table 1.

13



Distribution

Gas producers first extract natural gas and then rent (international and national) pipeline

capacity to transport the gas either to a distribution line which connects a large end-user to

the transmission grid or to a LDC ("city-gate"). For end-users in industry markets, cost of

distribution is set equal to 6 USD per toe. This is simply a compromise between the report

from the French Ministry of Industry and Foreign Trade (1 USD) and T\ASA (1987) (5.6 and

16.8 USD for commercial users in developed and new areas, respectively).

Customers in the household markets are served by local distribution companies. As each of

these companies is the sole supplier of gas to some end-users, we assume that the margin

between the end-user price in the household market and the price paid to the producer at the

city-gate is regulated so that LDCs earn a normal rate of return (when capacity equals demand

from the end-users). To identify distribution costs in the household markets, we have

compiled cost information from three sources. Our main source is the statistical yearbook

from Figaz, which for several European countries provides time series for investments and

number of gasmeters. Assuming a real rate of interest at 7 per cent and 30 years (economic)

life time of capital, for the period 1985-88 total distribution costs for new c'istomers

(measured in 1990 USD per toe) are in the range of 28 USD (the Netherlands) to 263 USD

(France). For the period 1976-79. the cost ranking is identical to the one for 1985-88 (the

Netherlands, Italy, UK, Belgium, West Germany and France). Moreover, cost levels are quite

similar in the two periods.

Hopefully, the data series from Figaz provide information that are comparable across

countries. As a test, we compared two of our cost estimates with estimates based on national

sources. First, according to the French study from the Ministry of Industry and Foreign Trade,

costs of distribution to households are 180 USD per toe. i.e. almost one third lower than the

estimate based on the Figaz data. For households in West Germany, we used information

from Bundesverband der deutschen Gas- und Wasserwirtschaft e V (BGW). For the period

1985-88 the BGW estimate for distribution cost is slightly higher than the Figaz estimate. For

1980-90, the difference was, however, opposite and significant. In this study we primarily rely

on the estimates from the Figaz data. We have, however, increased the lowest cost estimate

and decreased the highest cost estimate, cf. Table 1. As these estimates are quite uncertain,

14



we examine in section 4 how the equilibrium changes when distribution costs are equal across

countries.

15



3. Third party access in the European gas market

The main purpose of this section is to illustrate the role of traders and market access in a

liberalized European natural gas market where transport storage and load balancing services

are offered at fixed rates. In the model, the major producers of natural gas are Cournot

players. For these producers, if it is profitable to sell gas in a market, marginal revenue should

equal total marginal costs, i.e. the sum of marginal cost of production, transport, storage and

load balancing. For each market, supply differs across producers because total marginal costs

differ. Moreover, total trade differs across markets because demand (and hence marginal

revenues) differs.

The analysis of this section proceeds in stages, cf. Table 3. To illustrate the impact of traders,

we first examine a scenario where there are no traders (scenario 1). Because no producers are

price takers, this equilibrium is characterized by price discrimination, i.e. the price difference

between two markets exceeds the cost difference of serving these two markets. Hence,

arbitration profits could be collected by traders; it is possible to buy gas from a producer (or

a LDC or a large user of gas), rent transport capacity and sell the gas at a profit.

Next, we study how the equilibrium changes when traders are introduced, assuming that (i)

traders exploit all arbitrage possibilities and (ii) Cournot producers know that the final

outcome is characterized by no price discrimination (scenario 2). In scenario 1 and 2 Belgium,

France, Italy, the Netherlands and West Germany can purchase gas from Algeria, the CIS, the

Netherlands and Norway (and the domestic producers). On the other hand, like at present only

Norway exports gas to the UK. As it is profitable also for the other major producers to export

gas to the UK, in the long-run this option should be exploited. We term the scenario where

all Cournot producers can export natural gas to the UK. and traders exploit all arbitrage

possibilities, the complete market (scenario 3).

16



Table 3 The market scenarios

Scenario 1 No traders. UK imports gas only from Norway.

Scenario 2 Traders. UK imports gas only from Norway.

Scenario 3 Complete market (there are traders and UK
can purchase gas from all major producers).

Price discrimination

The equilibrium without any traders (scenario 1) is shown in column 2 in Table 4. In contrast

to the present situation, Algeria, the CIS, the Netherlands and Norway sell gas to all

consumption countries on the Continent. The largest quantity of gas is extracted in the

Netherlands (59.3 mtoe) where the rate of capacity utilization is 85 per cent. This reflects that

(i) cost of production is quite low in the Netherlands as long as the rate of capacity utilization

is below 90-95 per cent, and (ii) the Netherlands are located near all markets. Next,

production in Algeria, the CIS and Norway is 44.5, 40.0 and 38.7 mtoe, respectively. While

Algeria and the CIS have low marginal costs of production but substantial costs of

transportation to several markets, Norway has high costs of production but lower transport

costs. A closer look at the equilibrium reveals that almost two third of the Norwegian

production is exported to the United Kingdom, where Norwegian gas only meets competition

from the domestic producer5. UK production is only 22.9 mtoe, which is around 50 per cent

of the present level of extraction, cf. Table 2. We also observe that while CIS and Dutch

production are close to the 1990 level of extraction, Norwegian extraction has increased by

two third and Algerian production has risen by around 100 per cent.

Turning to profits, the profit ranking differs significantly from the ranking of production.

Measured in billion 1990 USD, profits for the Netherlands and Norway are 7.2 and 5.1,

whereas for the other producers profits are around 3.5. Profit per unit of production (toe)

5 Increased Norwegian exports to the UK require an extension of British North Sea pipes.
Recall that the model is not restricted by existing pipe capacities.
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therefore varies across producers, ranging from the CIS and Algerian producer (around 85

USD), via the Norwegian and Dutch producer (around 125 USD) to the UK producer (157

USD). The differences reflect that (i) marginal costs differ across producers, (ii) prices of

natural gas differ across markets, and (iii) the composition of gas sales differs across

producers. For the UK producer, the high profit per unit of production mainly reflects less

competition on the UK markets than on the Continent. As an illustration of various degrees

of competition, observe that the difference between price and total marginal cost for

Norwegian supply to LDCs in the UK and in West Germany is 164 USD and 35 USD,

respectively.

In equilibrium, there are a number of arbitration possibilities that could be exploited by

traders. In e.g. West Germany the net prices (end-user prices less of costs of distribution,

storage and load-balancing) in the household and industry market are 167 and 144 USD,

respectively. Hence, there is a potential arbitration profit that could be collected by purchasing

gas from a producer (or from a large user) and sell the gas to a LDC. Moreover, there are

also international arbitration possibilities. To take one example, as the net price in the industry

market in Belgium is 127 USD, and cost of transporting gas from end-users in Belgium to

end-users in West Germany is around 6 USD per toe. it pays off to move gas from Belgium

to West Germany (127+6<144). What happens when all arbitration possibilities are exploited

bv traders?
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Table 4 Production (in mtoe) and profits (in billion 1990 USD)

Scenario

Producer

Algeria

production

profits

CIS

production

profits

Netherlands

production

profits

Norway

production

profits

United Kingdom

production

profits

Sum Coumot producers

total production

total profits

1990

21.8

41.5

53.4

22.9

42.5

182.1

0)
price

discrimination

44.5

3.8

40.0

3.4

59.3

7.2

38.7

5.1

22.9

3.6

205.4

23.1

(2)

no pnee

discrimination

44.4

3.3

39.9

2.9

59.2

6.7

39.1

4.4

22.9

3.4

205.5

20.7

(3)

complete market

for natural gas

61.9

4.9

49.7

3.5

67.2

7.6

30.1

1.7

10.7

0.7

219.6

18.4
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Table 5: Price of natural gas (in 1990 USD per toe) and consumption (in mtoe)

Scenario

Country

Belgium

price
consumption

France

price

consumption

Italy

price

consumption

Netherlands

price

consumption

United Kingdom

price

consumption

West Germany

price
consumption

Sum

average price

total consumption

house-

hold

395

3.8

457

13.8

484

16.7

311

15.3

366

32.4

366

20.6

390

102.6

1990

indu-

stry

154

5.1

172

13.2

152

25.0

132

18.2

172

17.0

174

29.7

160

108.2

(1)

pncc discrimination

house-

hold

286

5.0

392

16.8

258

26.1

295

15.7

355

33.4

291

25.7

320

122.7

indu-

stry

136

5.5

145

15.0

121

28.7

131

18.3

217

13.8

153

32.2

150

113.5

(2)

) price

discrimination

house-

hold

250

5.4

HI

17.5

195

28.7

209

17.8

329

36.1

274

26.8

282

132.3

indu-

stry

155

5.0

162

13.9

140

26.3

154

16.2

255

11.0

160

31.5

169

103.9

(3)

complete market

for natural gas

house-

hold

252

5.4

375

17.6

200

28.5

211

17.8

239

45.6

278

26.6

255

141.5

indu-

stry'

158

5.0

161

14.0

145

25.7

157

16.0

165

17.5

163

31.0

158

109.2
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No price discrimination

Assume now that traders are able to exploit all arbitration possibilities (scenario 2). Hence,

there is no price discrimination in equilibrium, i.e.

(i) net prices in a country are equal, and

(ii) price differences between countries are less than the costs

of transporting gas between the end-users.

We assume that all Cournot producers maximize profits, subject to the constraint that the final

outcome is characterized by no price discrimination. Due to the constraint of no price

discrimination, in equilibrium total marginal cost of a producer is now not equal to marginal

revenue.

Table 4 shows that compared with scenario 1, production from each Cournot producer is

almost unchanged when all arbitration possibilities become exploited. Hence, total production

and total consumption are only slightly altered. On the other hand, in each country

consumption in the household market increases, whereas there is a drop in the industry

market, cf. Table 5. These changes reflect that arbitration possibilities are now exploited: in

each country, the net price in the household market was (in scenario 1) higher than the net

price in the industry market. In scenario 2 where net prices (in each country) are equal,

relative to scenario 1 prices in the household markets have decreased, whereas prices in the

industry markets have increased. Hence, consumption in the household markets increase (by

8 per cent), whereas consumption in the industry markets decrease. Moreover, with no price

discrimination profits decrease. Total profits to Cournot producers decrease by 10 per cent,

cf. Table 4. The drop (measured both in USD and in per cent) is lowest for the UK producer,

i.e. the producer which faces least competition. Thus Algeria, the CIS and the Netherlands

have now even stronger incentives to export natural gas to the UK.
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The complete market

Assume now that an offshore pipeline is laid between 3elgi\orfl (ZeebrUgge) and the UK

(scenario 3). Again, producers can rent capacity at a rate \vhkh gives the owners a normal

rate of return. As this pipe is very short (only 120 km), jt could be relatively costly to

construct (per km) due to fixed costs. On the other hand, the pipe should be based on a more

cost efficient technology than previous pipes in the North Sea- T° balance these two effects,

we simply assume that the imposed tariff is equal to the rate for offshore transportation to the

UK (7.47 USD per 100 km per toe). This pipeline is used by the CIS and the Dutch producer,

whereas we assume that the Algerian producer relies on U\J(J transport, cf. Table 1.

Compared with scenario 2, there is a substantial increase in production from Algeria, the CIS

and the Netherlands, i.e. from the new exporters. On the other hand Norwegian and in

particular UK production decrease. A closer look reveals that as Algeria, the CIS and the

Netherlands initiate exports to the UK, Norwegian exports to Xhs UK decrease. A reduction

in Norwegian exports simply reflects that the response curve of a Cournot producer is

downward sloping. However, part of the drop in Norwegian exports is compensated by

increased sales in other markets. In total, production from the five Cournot players increases

by around 7 per cent.

Table 5 shows that compared with scenario 2, except for the \JK markets, consumption is

only slightly altered. Total gas consumption in the UK increases by around one third, making

the UK the largest gas consumer in Europe. Turning to profits, as a new market is opened up

for Algeria, the CIS and the Netherlands, profits of these producers increase, whereas the

opposite is the case for the Norwegian and the UK producer. In particular, profits of the UK

producer decrease from 3.4 to 0.7 billion USD, i.e. by 80 per cent- Because the overall degree

of competition has increased, total profits of all Cournot producers drop (by 11 per cent).

Compared with the observed outcome of 1990, total production is alrnost 20 per cent higher.

While production from the CIS, the Netherlands and Norway has increased by 20-30 per cent,

Algerian production has more than doubled whereas the UK production has decreased by

more than 50 per cent. As total consumption has increased, the average Western European

price of natural gas has decreased. However, as there was a Substantial price discrimination
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in 1990, but there i* no price discrimination in scenario 2, some prices of natural gas could

be above the 1990 level. It turns out that all prices of gas in the household markets have

decreased: the "Weighted average household price has decreased by one third. In the industry

markets, the •weighted average price has only decreased marginally. However, in the

Netherlands (which had the lowest price initially), there is a significant price increase (19 per

cent).

There are a nurnber of reasons why the equilibrium of Scenario 3 differs from the observed

outcome of 1990. First, the objective and strategy of the major gas producing countries differ:

in our analysis We have assumed that (the major) producers are Cournot players which simply

maximize profits. Second, gas is now sold directly to LDCs and large end-users, not to

transmission companies. Moreover, in scenario 3 there are no bottle-necks in the pipeline

network, whereas at present bottle-necks may restrict supply. Fourth, in the complete market

scenario there are no constraints on the import patterns of the consuming countries. In

particular, all major producers have the option to sell gas in the UK. Fifth, in contrast to the

present situation, there is no price discrimination. Finally, costs of production, transportation

and distribution could differ. Taking the first five factors for granted, in the next section we

examine how the equilibrium outcome changes when cost assumptions are altered.
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Table 6 Natural gas production, consurnption and trade
(in mtoe) in a complete market for natural gas

Market

Producer

Algeria

CIS

Netherlands

Norway

United
Kingdom

Domestic

Consumption

Belgium

3.0

2.5

3.4

1.5

10.3

France

8.6

7.3

9.4

3.5

2.7

31-6

Netherlands

9.3

7.7

11.3

5.5

33.8

Italy

14.2

9.6

11.4

3.9

15.1

54.3

United
Kingdom

15.8

10.5

16.1

9.9

10.7

63.1

West
Germany

11.1

12.0

15.5

5.7

13.1

57.6

Total
deliveries

61.9

49.7

67.2

30.1

10.7

30.9

250.6

4. Costs of production, tî nsportation and distribution

The complete market scenario in Section 3 differs from the present European natural gas

market with respect to market structure. Hence, we did not study the liberalization of the

European gas market by first constructing a model for the present situation, and then examine

effects of a liberalized market by simply shifting some parameters of the model. Instead, we

constructed a model that captures the main features of an ideal non-discriminatory regulation

in which all economic agents can rent gas transport services and companies in the gas

industry are forced to act competitively. In calibrating this model, we relied on a number of

sources for cost information. Because these are uncertain, it is important to test the robustness

of the complete market equilibrium. The main purpose of this section is thus to identify,

through comparative static, the impact on equilibrium prices and quantities of shifts in costs

of production, transportation and distribution, cf. Table 7.



Table 7 The complete market scenarios

Scenario 3 Complete market.

Scenario 4 Complete market. Positive resource rents.

Scenario 5 Complete market. Lower transport tariffs in Western Europe.

Scenario 6 Complete market. Equal costs of distribution.

Costs of production

In Section 2, estimates for production costs were based on (the implicit) assumption that costs

reflect only exploration, development and extraction activities. However, both for society and

for a private producer there is an additional cost which is called the Hotelling rent or the

(marginal) resource rent. This cost reflects that increased present extraction affects the

possibility and profitability of future extraction. First, this could be a cost due to the limited

volume of gas. Second, if natural gas is extracted from fields with increasing unit costs,

increased extraction today accelerates extraction from more expensive fields in the future. In

general, the resource rent at time t is the value of getting one more unit of the resource at

time t (with the same marginal cost as the unit to be extracted), evaluated at time t.

Golombek and Hoel (1990) have estimated the resource rent for Norwegian natural gas within

a dynamic optimization model. In their reference scenario, the resource rent is 20.5 USD per

toe in 1990 - the first year in the planning period - and 23.8 USD in the year 2000 (at 1990

prices). Golombek and Hoel show that the resource rent is only slightly altered relative to the

reference scenario if the initial stock of natural gas is so large that the resource has not been

depleted at the end of the planning period (the year 2070). Thus for Norwegian natural gas

the positive resource rent is primarily caused by the impact on future costs from increased

extraction today. In this study we use the estimate from Golombek and Hoel (1990) as an

approximation for the resource rent for Norwegian natural gas. We also used this model to

identify the resource rent for the other major producers. By changing the assumptions

concerning costs, demand and initial stock of gas, the resource rent in 2000 obtained for the

CIS, the Dutch and the UK producer was 1.0, 63.8, and 61.2 USD per toe, respectively. These
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resource rents should only be taken as very rough estimates. Finally, as Algeria has huge

reserves of natural gas, and its marginal cost of production is assumed constant in this study,

the resource rent for Algeria is zero.

When resource rents are included in costs of production (scenario 4), compared with scenario

3 production in Algeria and the CIS increases, whereas in particular the UK producer cuts

back on his production (by 50 per cent) because his costs have increased significantly, cf.

Table 8. In total, production from the Cournot producers decreases by only 5 per cent.

Decreased production gives higher end-user prices in all markets, cf. Table 9. For the Dutch,

the Norwegian and the UK producer (i.e. producers with high resource rents), profits decrease

because higher costs and lower quantities dominate the price effect. On the other hand, for

Algeria and the CIS profits increase because prices and production increase, whereas the

increase in costs is zero or insignificant.

To gain some more insight into how production costs have impact on the equilibrium, we now

examine the case of a unilateral cost increase. In Section 2, the cost function for Norway

relied on extraction from the Troll field, which will probably start in the middle of the 90s.

Troll is a huge gas field with a capacity at around 30 mtoe, i.e. 3/8 of the total Norwegian

capacity, and with a quite low unit cost (38 USD). Assume now that Troll is postponed to

after 2010, the last year in our time horizon. Compared with the reference scenario,

Norwegian production decreases by 34 per cent, whereas Norwegian profits decrease by 65

pê  cent. On the other hand, total profits of the other Coumot players increase by 8 per cent.

Hence, for Norway the Troll field is of crucial importance, whereas for other countries the

impact is (of course) of a much smaller order.
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Table 8 Robustness. Production (in mtoe) and profits (in billion 1990 USD)

Scenario

Producer

Algeria

production

profits

CIS

production

profits

Netherlands

production

profits

Norway

production

profits

United Kingdom

production

profits

Total Coumot producers

production

profits

(3)

complete

market for

natural gas

61.9

4.9

49.7

3.5

67.2

7.6

30.1

1.7

10.7

0.7

219.6

18.4

(4)

resource rent

72.9

6.8

57.1

4.7

47.5

3.3

26.3

1.3

5.0

0.2

208.8

16.3

(5)

lower

transport tariff

63.0

4.8

53.7

4.2

66.8

7.5

31.6

1.8

10.5

0.7

225.6

19.0

(6)

equal costs

of

distribution

62.0

4.9

49.8

3.6

67.2

7.7

30.2

1.7

10.4

0.7

219.6

18.6
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Table 9 Robustness. Price of natural gas (in 1990 USD per toe) and
consumption (in mtoe)

Scenario

Country

Belgium

price

consumption

France

price

consumption

Italy

price

consumption

Netherlands

price

consumption

United Kingdom

price

consumption

West Germany

price

consumption

Sum

average price

total consumption

complete

(3)

: market for

natural gas

house-

hold

252

5.4

375

17.6

200

28.5

211

17.8

239

45.6

278

26.6

255

141.5

indu-stry

158

5.0

161

14.0

145

25.7

157

16.0

165

17.5

163

31.0

158

109.2

(4)

resource rent

house-

hold

264

5.2

391

16.9

211

28.1

222

17.5

258

43.5

290

25.7

270

136.9

indu-stry

170

4.7

111

12.9

156

24.4

168

15.0

184

16.2

176

29.6

171

102.8

lower

house-

hold

245

5.5

366

18.0

194

28.8

203

18.0

233

46.2

269

27.2

248

143.7

(5)

transport tariff

indu-stry

151

5.1

152

14.6

140

26.4

148

16.8

159

18.0

154

32.1

150

113.0

equal

(6)

costs of

distribution

house-

hold

261

5.3

268

22.6

246

26.6

258

16.6

264

43.0

265

27.4

261

141.5

indu-

stry

159

4.9

167

13.6

145

25.8

156

16.0

162

17.7

164

31.0

158

109.0
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Costs of transport

In Section 3 we assumed that all producers are charged 2.49 USD per 100 km per toe for

international onshore transportation in Western Europe. Scenario 5 examines the case where

all onshore and offshore tariffs in Western Europe are reduced by 25 per cent. Moreover, all

national transport tariffs in Western Europe are reduced by 25 per cent as well.

When all transport tariffs in Western Europe are reduced, extraction from producers located

far from the markets increases because the relative cost position of these producers has

improved. Increased extraction from these producers reduces, cet. par., production in the

Netherlands and the UK, and this effect dominates the effect of lower transport tariffs for the

Dutch and the UK producer. Hence, production in Algeria, the CIS and Norway increases,

whereas there is a drop in Dutch and UK production.

The total effects of a significant drop in all transport tariffs in Western Europe are moderate.

Total production and profits increase by around 3 per cent, and all end-user prices fall by 2-6

per cent. Note that the main part of these effects are due to lower international (not national)

tariffs. The impact of lower (international and national) transport tariffs is limited because

total transport costs as a share of gas prices are quite low. To take one example, both for

imports from the CIS and Norway total transport costs as a share of the French household

price amount to around 15 per cent.

Turning to tariffs for onshore transportation outside Western Europe, in the complete market

scenario international onshore transportation in Western Europe is four times as costly as

transportation in the CIS. If, however, the CIS producer is charged the same tariff in the CIS

as in Western Europe, relative to the complete market scenario total production decreases by

4 per cent. CIS production decreases by 54 per cent (and profits by 80 per cent), whereas e.g.

Norwegian production increases by 16 per cent. Turning to the other comer case, if the CIS

producer is not charged for transportation in the CIS, his production increases by 17 per cent.

In this case other producers respond by cutbacks; Norwegian production decreases by e.g. 5

per cent.
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Costs of distribution

So far we have assumed that distribution costs of large end-users are quite small and equal

across countries, whereas distribution costs of LDCs are much larger and not equal across

countries. As explained in Section 2, our distribution costs for LDCs are derived from present

value calculations based on data from Figaz. These estimates - ranging from 40 USD per toe

(the Netherlands) to 200 USD per toe (France) - are uncertain. To take some examples,

according to an IIASA study by Strubegger and Messner (1986), Monig (1984) estimated the

costs of storage and distribution for Germany to 192 USD per toe, whereas Safoschnik (1985)

obtained 170 USD per toe for Austria. Strubegger and Messner used the average of these two

estimates when they estimate the cost of supplying a Central European consumer with natural

gas. However, in a 1987 study also from the IIASA. for the year 2000 town distribution costs

including gas storage were for Western Europe estimated to 77 USD per toe, i.e. less than

half of the estimate used by Strubegger and Messner.

Gas distribution costs are difficult to estimate because consumption patterns, population

densities and the topography substantially influence the costs. Marginal cost of distribution

is surely dependent on whether new customers are linked up to the old network, or the

network is expanded into a new area. As an alternative to the estimates of Section 2, we now

examine the case where the distribution costs of LDCs are equal in all countries (scenario 6).

The common value (93 USD per toe) is simply estimated as the average of the distribution

costs in the complete market scenario. Table 8 shows that a common distribution cost in the

household markets has little impact on the equilibrium. Both production and profits of each

Cournot producer are almost unchanged. There are. however, some changes in prices and

consumption: in France where the distribution cost has been reduced significantly,

consumption in the household market increases by almost 30 per cent. cf. Table 9. The

corresponding changes in the other countries are much lower. To sum up, differences in

national distribution costs tend (for a given average value) to be of little importance.
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5. Increased competition

At present, natural gas is typically not bought from a number of independent producers in a

country. In e.g. Norway the three Norwegian gas companies Statoil. Norsk Hydro and Saga

constitute the Gas Negotiating Committee (the GFU - Gassforhandlingsutvalget). The state

owned company Statoil is head of the committee. The GFU negotiates commercial terms for

all new Norwegian gas contracts. Companies that are not members of the GFU, but own a

part of the gas under negotiation, are free to sign separate agreements with the buyer, but only

if they are able to reach a better contract than the GFU (which they have not accomplished).

The GFU is actually a gas sales consortium with a de facto monopoly role in negotiating and

selling Norwegian natural gas. In general, gas sales consortia in Western Europe should be

seen in context with the present cartels on the demand side. Because purchasers of natural gas

are not able to make a profit above the normal rate of return in the complete market scenario,

it could be interesting to explore scenarios in which the market power also on the supply side

is lower than the present one.

In this study we model increased competition between producers by splitting up national

Cournot producers into agents that compete against each other and against all foreign

producers. Needless to say. because gas companies in Western Europe are involved in gas

extraction from several fields and sometimes even extract gas in more than one country, our

way of modelling a liberalization of the supply side is highly stylized. In the following,

increased competition could be interpreted as a banning of gas sales consortia by the EU.

Because the EU only has jurisdiction in Western Europe, we restrict the analysis to a banning

of consortia in Western Europe, i.e. only producers in the Netherlands. Norway and the UK

are split up. As an illustration of this policy, we focus on the case in which the national

Cournot producer in each of these three countries is split up into two identical Coumot

producers, i.e. in each country the sum of the two marginal cost curves adds up to the original

one.

The split up of national producers in Western Europe rises total production by 2 per cent

(relative to scenario 3), cf. Table 10. All market prices fall moderately, cf. Table 11, and total

profits to Cournot producers decrease by 8 per cent. A closer look at the results reveals that

production increases only in countries where the national producer has been split up (the
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Netherlands, Norway and the UK). This reflects that (i) a split up makes a country more

aggressive and (ii) the reaction curves of Cournot players are downward sloping. As

production in Algeria and the CIS decreases, and market prices also decrease, profits of these

producers decrease. Total Dutch profits decrease, whereas Norwegian profits arc

(approximately) unchanged: Norway does better than the Netherlands because the increase in

production is smallest for the Netherlands (due to a very high initial rate of capacity

utilization). Finally, total profits of the UK producers ina-ease, i.e. the effect of increased

production outweighs the effect of lower prices.

To understand why total UK profits increase when all producers in Western Europe are split

up, let us first examine the case of a unilateral split up of the national UK producer. If the

UK producer is split up into two identical producers, production and profits increase in the

UK, whereas the opposite is the case for all other producers. Focusing on profits, UK profits

increase from 747 million USD to 948 million USD as the national UK producer is split up

into two identical units. When the national UK producer is split up into more identical units,

profits first increase: profits are 1034 and 1036 million USD when there are four and six

identical producers. However, a further split up leads to lower profits: profits are 1031, 1011

and 968 million USD when there are seven, ten and twenty identical UK producers.

To give these results a theoretical explanation, it is expedient to consider Dixit (1984) who

examines effects following from an increase in the number of Cournot producers. In a model

with identical domestic producers, identical foreign producers and constant marginal costs,

Dixit shows that a marginal increase in the number of domestic producers rises total

production, but reduces production and profit of each (domestic and foreign) producer. The

effect on total domestic profit is uncertain: a marginal increase in the number of domestic

producers have a direct positive effect (there is one more domestic producer), but an indirect

negative effect (profits of the initial producers decrease).

In our model, producers in Western Europe have increasing (not constant) marginal cost.

Hence, as a producer is split up into identical agents, the marginal cost function of a producer

shifts upwards. In Appendix A we show that the results of Dixit (1984) are valid if the impact

on marginal cost from an increase in the number of identical producers is "not to large".
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Hence, when the number of producers increases in one country, the effect on total profits of

this country is in general ambiguous (cf. the numerical example above).

Our results could also be interpreted in another way. Consider a Coumot game between

producer 1 and 2. As is well known, when producer 1 increases his quantity marginally from

the Coumot solution, increased production yields no first order effect on his profit. On the

other hand, increased production from producer 1 leads to a lower production from producer

2, and thus a higher price. Hence, profit of producer 1 increases. One way to make producer

1 credibly more aggressive is through a production subsidy, cf. e.g. Eaton and Grossman

(1986). Another way is by splitting up producer 1.

In the empirical model, a unilateral split up of a national producer in Western Europe into

(two) identical units yields higher production and profits of this country, whereas the opposite

is the case for all other countries. Hence, when all (major) national producers in Western

Europe are split up, for each Western European country the total effect on production and

profits is in general ambiguous.
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Table 10 Increased competition. Production (in mtoe)
and profits (in billion 1990 USD)

Scenario

Producer

Algeria

production

profits

CIS

production

profits

Netherlands

production

profits

Norway

production

profits

United Kingdom

production

profits

Total Coumot producers

total production

total profits

(3)

complete

market for

natural gas

61.9

4.9

4^.7

3.5

67.2

7.6

30.1

1.7

10.7

0.7

219.6

18.4

(7)

increased

competition

56.5

4.1

45.6

3.0

69.8

7.4

38.1

1.7

14.8

0.8

224.8

17.0
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Table 11 Increased competition. Price of natural gas
(in 1990 USD per toe) and consumption (in mtoe)

Scenario

Country

Belgium

price

consumption

France

price

consumption

Italy

price
consumption

Netherlands

price

consumption

United Kingdom

price

consumption

West Germany

price

consumption

Sum

average price

total consumption

Complct

(3)

e market for

natural gas

house-

hold

252

5.4

375

17.6

200

28.5

211

17.8

239

45.6

278

26.6

255

141.5

indu-

stry

158

5.0

161

14.0

145

25.7

157

16.0

165

17.5

163

31.0

158

109.2

(7)

Increased

competition

house-

hold

245

5.5

373

17.7

197

28.6

203

18.0

227

46.8

271

27.0

248

143.6

indu-

stry

151

5.1

158

14.1

143

26.0

149

16.7

153

18.4

157

31.8

152

112.1
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6. Concluding remaite

The aim of this paper is to examine empirically the impact of a significant liberalization of

the European natural gas markets. As the activities of transmitting and distributing gas are

characterized by being natural monopolies, a liberalization necessitates the implementation

of a regulatory scheme that promotes competition in the gas markets. Hence, even if the EU

Commission succeeds in liberalizing the gas markets in Western Europe, the industry will still

be strictly regulated.

In the paper we study the West-European natural gas markets under different assumptions of

degree of liberalization. First we focused on the case of profit maximizing Cournot producers

and an ideal TPA system for transport of gas (scenario 1), which yields an equilibrium

characterized by significant price discrimination (net prices differ across markets). Because

end-user prices are lower than in the base year 1990, total consumer surplus in the six

consuming countries increases by 35 per cent relative to 1990, cf. Table 12. Turning to

profits, in comparing total profits in 1990 and in scenario 1 we assume that costs of

production, transportation and distribution are identical in these two equilibria. Moreover, we

also assume that for small producers unit cost of production is 25 USD per toe (old onshore

fields). Finally, in scenario 1 (but not in the 1990 outcome), profits in the transport and

distribution sectors are zero because owners of such facilities are assumed to make a normal

rate of return on their investments. Under these assumptions, total profits in Western-Europe

decrease by 16 per cent (relative to 1990). whereas welfare in Western Europe, i.e. the sum

of consumer surplus and profits of producers in Western Europe, increases by 13 per cent.

Also total welfare, i.e. the sum of welfare in Western Europe and profits of non-European

producers, increases.

In scenario 2 traders enter the markets and exploit all arbitration possibilities that stem from

net price differences. Relative to scenario 1, production from each producer is almost

unchanged. The big winners are end-users in the household markets (lower prices). Compared

with 1990 and scenario 1, consumer surplus and welfare have increased, whereas profits have
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decreased6.

In scenario 3 all Cournot producers (not just Norway) export gas to the UK. Total consumer

surplus is now higher than in scenario 2, whereas profits to producers in Westem Europe

deaease due to more competition. On the other hand, profits to producers outside Westem

Europe increase because they now have access to a new market. Both welfare in Western

Europe and total welfare is higher than in the three other cases (1990 and the scenarios 1 and

2). Relative to 1990, welfare in Western Europe has increased by 17 per cent7.

Table 12 Welfare effects of market liberalizations. Consumer surplus, profits
and welfare relative to 1990 (in per cent).

Scenario

Consumer surplus

Profits

Western Europe

non-Europe

total

Welfare

Western Europe

total

(1)

price

discrimination

35

- 16

- 22

- 18

13

8

(2)

no price

discrimination

45

-23

-34

-26

16

9

(3)

complete market

59

-42

- 9

-32

17

12

(7)

increased

competition

65

-43

-28

-39

19

11

6 Note that profits to traders are zero: in line with standard economic theory we assume that
traders keep entering the market until profit is driven down to zero.

7 Because (part of the) profits in the gas industry are kept by governments, one could argue
that in calculating welfare the weight of profits should be higher than the weight of consumer
surplus (government revenues could be used to reduce distortionary taxes). At present, it is
customary to let the weight of profits be between 20 and 50 per cent higher than the weight of
consumer surplus, cf. e.g. Ballard and Fullerton (1992). When the weight of profits is as high as
1.5, in scenario 3 welfare in Western Europe is still higher than in 1990. However, scenario 2 now
dominates scenario 1, which again dominates scenario 3 (in terms of welfare in Western Europe).
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Section 5 studied increased competition that could follow from a banning of national gas sales

consortia. The ban was modelled as a split up of each national gas producer in Western

Europe into (two) identical units (scenario 7). Compared with the complete market scenario,

because increased competition drives down end-user prices, consumer surplus is now higher,

whereas total profits are lower. While welfare in Western Europe increases, total welfare is

slightly lower than in the complete market scenario: a split up of producers in Western

Europe increases production from expensive fields, which replaces cheap production from

Algeria and the CIS. In our model, this effect dominates the traditional positive effects that

follow from moving towards the competitive equilibrium. Note that some of these conclusions

could be strictly dependent on the assumption of Cournot competition.

Throughout this analysis we have assumed that gas can be bought only by households and

firms that are linked up to the grid initially. We also assumed that a drop in the price

obtained by a LUC is entirely passed on to households. It is possible that a lower gas price

could lead to an expansion of the distribution grid. First, Western European countries may

want to change its energy policy, giving power stations economic incentives to use cheap

natural gas. Second, as gas becomes more competitive, distribution companies may expand

their networks into new household areas.

To illustrate the impact of these dynamic effects, assume first that demand in all industrial

markets increases by 10 per cent, i.e. given the observed 1990 prices demand is 10 per cent

higher than observed in 1990. Relative to the complete market scenario total production

increases by 4 per cent, whereas total industrial consumption increases by 10 per cent.

Assume now that also demand in all household markets increases. As around 95 per cent of

all households in the Netherlands and the UK use gas heating at present, cf. Intergas

Marketing (1993), we increase demand in these countries by 5 per cent, whereas demand in

all other countries is increased by 10 per cent. Compared with the complete market scenario,

total production increases by 9 per cent. Note that the market growth is particularly beneficial

to producers outside Western Europe as these increase their profits by more than 15 per cent.

Hence, in the long run all consumers and producers may benefit from a liberalization of the

gas markets in Western Europe.
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Appendix A The impact of more producers on the Coumot equilibrium

We consider a Cournot game between n identical home firms and one foreign firm which

produce a homogeneous good. Let y and Y be production from each home firm and the

foreign firm, respectively. Because we want to examine the impact of more home firms, let

b(y, n) be the cost function of a home firm. The cost function of the foreign firm is C(Y). We

assume that by > 0, byy > 0, Cy > 0 and C w > 0. When P(ny+Y) is the demand function,

profit of a home firm and of the foreign firm is

Y)y-b(y,n)

(A.2) n = P(ny + Y)Y-C(Y)

The first order conditions are

(A.3) P{ny + Y)+yP'{ny + Y) = by(y,n)

(A.4) P(ny + Y) + YP'(ny + Y) - CY(Y)

Because home firms are identical, when the number of domestic firms increases the natural

gas fields are shared equally between more producers. Hence, if the number of (home) firms

doubles from n to 2n, marginal cost of production is unchanged if production is halved, i.e.

by(y. n) = by(y/2, 2n), cf. standard economic theory. Because b^. > 0, by(y, n) = bj.(y/2, 2n)

< by(y, 2n). Hence, b^ > 0. Moreover, because by,, > 0 V y, bn > 0, i.e. when the number of

firms increases, because each unit has become more expensive to produce (b^ > 0), the total
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cost of a firm increases.

Implicit differentiation of (A3) and (A.4) with respect to n yields

. dy dY ,(n a + \x) — + « — = b - y a

(A.5) dT% dH

dn dn

where a = P'+yP", (3 = P'+YP", u = P'-b^. and v = P'-Cyy. Solving the system (A.5) yields

(A.6)
dn N

(A.7)
dn N

where N = u((ifv) + nocv > 0 because a, P, u, and v are negative under the assumptions of

Section 5 (linear demand and increasing marginal costs). The impact on domestic production

ny and total production q = ny+Y is

(A.8)
dn N

(A.9) dg _y + n d y x d Y _
dn dn dn N
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Finally, the impact on the profit of a domestic firm is

dn l y) dn ; dn n N

In Dixit (1984), bn = by,, = 0. In this case a marginal increase in the number of domestic firms

would reduce production and profits from each firm, but rise domestic production and total

production, c.f. (A.6) to (A 10). These results are also valid in our case with ^ > 0 and b^

> 0 if bjT, is sufficiently close to zero. Very roughly, an increase in \\v tends to decrease

production from each domestic firm, but rise production from the foreign competitor.

Moreover, as an increase in b^ tends to decrease total production, i.e. increase the market

price, the impact on the profit of each domestic producer is ambiguous (when n > 1).
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