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Introduction to the series

There has been a growing dependence in the past two decades on modelling
as a tool for better understanding of the behaviour of economic systems,
and as an aid in policy and decision making. Given the current state of the
art globally, the introduction of a series such as this can be seen as a timely
development. This series will provide a forum for volumes on both the
theoretical and applied aspects of the subject.

International Studies in Economic Modelling is designed to present
comprehensive volumes on modelling work in various areas of the economic
discipline. In this respect one of the fundamental objectives is to provide a
medium for ongoing review of the progression of the field.

There is no doubt that economic modelling will figure prominently in the
affairs of government and in the running of the private sector, in efforts to
achieve a more rational and efficient handling of economic affairs. By
formally structuring an economic system, it is possible to simulate and
investigate the effect of changes on the system. This in turn leads to a
growing appreciation of the relevance of modelling techniques. Our aim is
to provide sufficient space for authors to write authoritative handbooks,
giving basic facts with an overview of the current economic models in
specific areas and publish a useful series which will be consulted and used
as an accessible source of reference.

The question may arise in some readers’ minds as to the role of this series
vis-a-vis other existing publications. At present, no other book series
possesses the characteristics of International Studies in Economic Modelling
and as such cannot fill the gap that will be bridged by it. Those journals
which focus on this area do not present an exhaustive and comprehensive
overview of a particular subject and all the developments in the field. Other
journals which may contain economic modelling papers are not sufficiently
broad to publish volumes on all aspects of modelling in a specific area,
which this series is designed to cover.

A variety of topics will be included encompassing areas of both micro-
and macroeconomics, as well as the methodological aspects of model



xii Introduction

construction. Naturally, we are open to suggestions from all readers of, and
contributors to, the series regarding its approach and content.

Finally, I would like to thank all those who have helped the launch of
this series. The encouraging response received from authors who have
contributed the forthcoming volumes and from the subscribers to the series
has indicated the need for such a publication.

Homa Motamen—Scobi
London
December 1987



Preface

In 1990 both OPEC and the OECD will celebrate their thirtieth annivers-
aries. OPEC was founded — rather unnoticed — by oil-producing countries
still struggling to gain control over national petroleum resources. Future
members were still under colonial rule. The foremost aim of the new
organization — years before it was able to make metropolitan newspaper
headlines — was stabilizing oil prices. Stability in those days meant prevent-
ing oil prices from falling in real terms. The OECD was formed by mostly
mature industrial economies marking the normalization of the postwar
international economy after years of reconstruction, strict trade regulations,
etc. The aim of the new organization was to promote ‘the highest
sustainable growth and employment’ in member countries. Incidentally,
1960 was also the year which gave birth to a more loosely defined block in
the world community, namely the underdeveloped countries, as the African
colonial empires finally broke up.

The two organizations became adversaries in the 1970s in the power
struggle over the energy flows of the world. It should not be forgotten,
perhaps, that the first period in the life of the two organizations, i.e. from
1960 to 1973, must be counted as a success both with regard to energy
price stability and growth of industrialized countries. After the dramatic
events in the oil market in 1973 and the ensuing price increases, OPEC
appeared to be much less concerned with stability of oil prices than with
how high the oil rent could become! What goes up, however, has to come
down. The OECD, on the other hand, seemed in a strange parallel
movement to lose interest in promoting the highest possible employment
and growth. Unemployment, especially in Europe, rose to unprecedented
heights, while the energy price shock of OPEC I figured as the cause that
forced the world economy off-track. The developing countries which started
out on the difficult path towards industrialization, agricultural moderniza-
tion and increased standards of living — in short, development — became the
innocent victims of the shift away from the stability and growth of the
1960s.
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The 1980s have brought lessons — for everyone. The decade started out
with the second oil price shock. It has often been described as a unilateral
action by OPEC. It is closer to the truth to depict OPEC II, as it was called,
as a chain of events where actions were taken by a number of actors on
assumptions that apparently were widely shared, but still were, above all,
far from the truth. The false assumptions took the form for instance of
mainstream long-term oil price forecasts, massively above what seemed
likely only a few years later. OPEC’s supreme control of the world oil
market did not last long after the high-riding in 1979-80. The common
belief in the 1970s of the coming crisis of exhaustion of the world’s
petroleum resources quickly gave way when the greater industrial powers
managed to reduce their oil consumption while national oil production and
independent oil exporters stole market shares away from OPEC. A remark-
able fact, however, about OPEC is the cohesion among its members, in spite
of war, antagonism, heterogenous economic interests and other less than
negligible differences. OPEC has survived to disprove all rumours of its
immediate demise.

The 1980s have also firmly established a major role for natural gas in the
world’s energy supply. How great this role might become will perhaps be
even more evident at the end of the 1990s. The Western European gas
market is still at an early stage of development with regard to infrastructure
both of a technical kind and with regard to the market. A major event on
the way is the forthcoming deregulation within the EC, and supposedly also
including its energy markets. The increasing role of natural gas in the global
energy supply is a result not only of the fact that there turned out to be
much greater supplies than earlier assumed within affordable reach of the
more concentrated urban and industrial areas of the world, but also from
the concern with environmental dangers. While the 1970s were concerned
with the coming exhaustion of limited resources such as petroleum, the
environmental focus has shifted towards considering the suffocation,
poisoning, spreading of cancer and other ways of dying as an indirect result
of human civilization as the limit to sustainability. By marginal comparison
this shift has benefited natural gas as an energy source above oil and coal.
The last decade of the twentieth century will be entered, however, with no
agreed solutions or effective policies designed to counteract the global
threats such as the greenhouse effect and ozone layer destruction.

Many of the OECD countries, and the larger European countries in
particular, pursued policies in the early 1980s that needlessly prolonged the
austerity ventured upon as a cure-all in the mid-1970s. Unemployment
turned out to be much harder to bring down than to increase, and the
reduction of energy prices would not by itself do much for employment.
While OPEC’s power has been reduced as the organization has had to yield
to market forces, the OECD has also over time become less of a decision
maker in international economic policy. The economic summits comprising
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only a select few of the OECD countries have taken over the policy-
coordinating role. After 30 years both OPEC and the OECD have experi-
enced a full cycle of ups and downs with regard to the respective aims of
the organizations.

This book is written from a Norwegian viewpoint. Norway, as one of the
smaller OECD countries, fell into a bonanza of petroleum wealth from the
vast territory adjoined to Norway after the dividing up of the continental
shelf in the 1960s. The first quantities of oil from the Norwegian continen-
tal shelf were extracted in 1971, while gas production started in 1975. This
‘timing’ of production meant that Norway gained significantly from the
increasing energy prices during the 1970s. While most other countries were
hit hard by increasing bills on oil imports, Norway was able to reap large
incomes from its petroleum exports. This was an important factor under-
lying the ‘counter-cycle policy’ that was pursued by the Norwegian govern-
ment in the second half of the 1970s, keeping up economic growth and
preventing the rise in employment that occurred in many other OECD
countries. Even with the more sluggish oil market in the early 1980s the
expectations held by most economists and planners in Norway in this
period was that of continued increase in incomes from petroleum produc-
tion.

That perception changed in an abrupt way in the winter of 1985-86
when the oil price collapsed and after some months ‘stabilized’ at $US15-18
per barrel. For an oil-exporting country like Norway the impact from the
price fall was quite dramatic. The economic rent from petroleum production
was brought close to zero. Furthermore, the events brought to the surface
clear signs of ‘Dutch disease’ in the Norwegian economy: the activities in
the North Sea and the spending of oil incomes have crowded out other
onshore industries. To reverse the changes in industrial structure when oil
incomes fail may be a very painful process.

So, in the late 1980s the situation both in the energy markets in general
and for Norway as an oil producer is very different from the outlook ten
years earlier. Also, the focus in economic thinking and analysis has changed
considerably. There is no longer much concern about energy reserves
representing ‘limits to growth’, and the market power of OPEC is not as
dominant as in the 1970s. More significant, however, are the shifting trends
and strong fluctuations in prices that have occurred during the last 10-15
years and have stressed the great uncertainty that exists in energy markets.
First, this has probably created more humbleness with respect to the task of
predicting future developments. Secondly, there is increasing focus both
among theorists and planners upon subject decision making under uncer-
tainty, i.e. procedures and strategies for how to deal with large fluctuations
in market conditions.

The objective of this volume is to present a number of modelling efforts
and analyses of some of the recent developments in energy markets and to
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discuss implications and problems for decision making and planning.
Although the authors are Norwegian and primarily study energy markets
and energy decisions from a Norwegian point of view, most of the
contributions will be relevant for other petroleum-producing countries as
well. The analytical approaches applied in several of the articles should have
a wider interest for economists and people working with energy problems.

The book is divided into three parts. In Part One the focus is on the
market for natural gas in Western Europe, the market structure, future
development and organization. For Norway this market is of particular
importance, since most of the remaining petroleum resources consist of
natural gas, and Norway is one of the few major suppliers to the European
market. One of the big issues at present is the prospects and effects of
deregulating transmission and distribution of gas in Europe. This topic is
discussed by Bjerkholt, Gjelsvik and Olsen in Chapter 1. The analysis
indicates a big potential for future growth in gas demand provided that
prices are brought down to more competitive levels. Deregulation will
provide more direct links between producers and users of natural gas and
less controlling power for the intermediary transmission companies that
today dominate the European gas market. The competitive battle between
the three great suppliers on the fringes of the Continent, Norway, the USSR
and Algeria, will come more into the open. The article provides a game
theoretically based resolution of the outcome of this battle. As is pointed
out in Chapter 2 — by Bartlett, Olsen and Strem — the growth potential of
natural gas may be particularly great in the residential sector, where during
recent years natural gas has frequently been chosen as the primary heating
source in new dwellings. The analysis in this article is based on recently
developed advanced econometric techniques for representing the decision
structure of the energy user.

A characteristic feature of the European natural gas market is that it is
dominated by a few agents both on the demand side and the supply side.
Gas is typically traded on a bilateral basis, and governed by long-term
contracts between seller and buyer (a transmission company). Thus, when
analysing market structure elements of oligopolistic and strategic behaviour
should be taken explicitly into account. Such game-theoretical aspects are
discussed in Chapter 3 by Hoel, Holtsmark and Vislie who analyse the
bargaining situation in a market where there is more than one seller and /or
buyer of natural gas. One of the most striking features of the empirical
model is the wide range of possible prices for the players that is consistent
with the well-known ‘core’ of the game.

What will happen when deregulating a market where negotiations play a
crucial role? This question is discussed by Vislie in Chapter 4, where
account is also taken of a recommendation proposed by the IEA, saying
that the USSR’s market share of European gas consumption should not
exceed 30%. Negotiations between sellers and buyers of gas at the various
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stages yield a price structure which will favour the high-cost seller (Nor-
way). Deregulation is analysed in two steps. First, downstream companies
are vertically integrated in order to meet the objectives of the end users.
Secondly, the market share requirement is eliminated by opening up for
increased competition among upstream suppliers. The first step towards
deregulation will favour the high-cost seller and the consumers, whereas
competition in the upstream industry will be to the disadvantage of
Norway, with an ambiguous impact on consumers’ welfare, whereas the
USSR will gain.

Chapter 5 by Alfsen, Lorentsen and Nyborg takes up one of the most
pressing topics in today’s energy debate, namely the environmental consequ-
ences of burning fossil fuels. More precisely, the chapter raises the question
of what will be the environmental impact if there is a transition from the
use of coal and fuel oil to natural gas in Europe. Different scenarios
regarding the composition of energy demand are analysed and the emissions
to the atmosphere of sulphur dioxide and carbon dioxide are derived in the
various cases. Altogether, the analysis confirms that environmental con-
cerns, when followed by proper incentives for producers and consumers,
may give a big push for more extensive use of gas in Europe.

Part Two of the book includes a selection of contributions discussing
optimal management of energy resources and the interactions between the
energy sector and the rest of economic development. Aslaksen, Brekke,
Johnsen and Aaheim (Chapter 6) discuss principles for measurement of
petroleum wealth and its relations to capital figures in the national
accounts. The main focus is on the aspect of uncertainty. With respect to
the question of whether spending of incomes has been too high, the chapter
stresses that for an evaluation of economic policy one should look at the
price expectations held by the government at the time decisions were taken.

A more detailed analysis of the economic policy pursued in Norway in
the period 1976-86 is carried out in Chapter 7 by Cappelen and Gjelsvik.
By inter-country comparisons, the authors review and evaluate the Norwe-
gian counter-cyclical policy in the 1970s that was based on expected future
petroleum incomes. By carrying out historical simulations on a macroeco-
nomic model, alternative scenarios for the Norwegian economy and the use
of petroleum incomes are presented. Actual spending of oil incomes is found
to be an intermediate case between a scenario where the incomes are
transferred to an ‘oil fund’ and a scenario where one consumes the return
on the estimated ‘petroleum wealth’ (as estimated in Chapter 6).

Chapter 8 by Golombek and Hoel is an analysis of optimal extraction of
Norwegian natural gas when gas can be exported and used in Norway, as
input in energy-intensive industries or in gas-fired thermal plants. The main
purpose of the analysis is to derive a rough estimate of the resource rent for
Norwegian natural gas within a traditional Hotelling type of model. The
calculations yield a resource rent for 1990 significantly different from zero.
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Discount rates play a very important role in decisions on when and how
to deplete exhaustible energy reservoirs. In Chapter 9 by Lund, the question
is discussed of which discount rates are the appropriate ones to use by a
government deciding on petroleum resources amounting to a considerable
part of the national wealth. Lund takes issue with the common argument
(originally stated by Arrow and Lind) that the government should behave in
a risk-neutral way as it is big and has many projects, and concludes with a
clear recommendation of how a government should proceed.

Chapter 10 by Kobila presents a formal analysis of the choice between
irreversible hydro investments and reversible thermal (gas) generation taking
into consideration both uncertainty in the gas price and fluctuations in
electricity demand. In the case of price uncertainty, due to the irreversibility
of hydro power projects, the lesson to the planners is not to rush into hydro
investments even though this may seem advantageous by simply comparing
expected costs.

Some petroleum reserves consist of oil and associated natural gas. An
interesting question is to consider the optimal oil extraction plan for a
country that is a price taker in the oil market, when associated gas is sold
according to a long-term contract determined in negotiations between the
gas seller and a large buyer. This issue is analysed by Vislie in Chapter 11.
It is shown that the extraction plan for oil might be significantly altered,
due to the contractual requirement for gas deliveries, as compared with the
optimal extraction path when no gas contract is established. Furthermore,
we find that the two activities interact both in the delivery path and the
equilibrium price path for natural gas.

Part Three of the book contains two chapters that are quite different in
character, although the development of the oil price plays a crucial role in
both. Chapter 12 by Berger, Bjerkholt and Olsen surveys possible scenarios
for the international oil market with a focus on the role of OPEC and the
recent trend of cooperation between OPEC and other independent oil-
producing countries. From non-OPEC oil producing countries’ point of
view, ‘a worst case scenario’ is clearly one where OPEC breaks down, in
which the oil price is likely to plunge. To prevent such an outcome,
non-OPEC oil producers may seek some sort of cooperation or tacit
agreement with the organization. The presented model simulations suggest
that for Norway the income loss (‘insurance premium’) from held-back
production in this scenario is moderate compared to the huge income losses
that will result in an OPEC breakdown scenario.

Finally, Chapter 13 by Mork, Mysen and Olsen is an empirical study of
the correlations between oil price movements and GDP fluctuations for a
selection of countries. Both in 1973-74 and 1979-80 the jumps in oil
prices had significant negative effects on the world economy. An interesting
question is whether one can detect any similar positive impact on activity
levels following the sharp fall in oil prices in 1986. However, empirical



Preface xix

studies seem to indicate asymmetric responses to oil price changes. In the
present study, the most evident correlation between the oil price and GDP is
found for the USA, which also shows signs of asymmetric responses.

A book like this is a result of cooperation and collective efforts. The
editors wish to thank colleagues — too many to mention — for help and
assistance in this work. Thanks go particularly to Kari Anne Lysell, Anne
Strandli and Inger Johanne Widding who have made vital contributions to
the text processing and drawing of graphs.
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The European Gas Market
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The Western European gas
market: deregulation and supply
competition

OLAV BJERKHOLT, EYSTEIN GJELSVIK
AND

JYSTEIN OLSEN

1.1 INTRODUCTION

‘Natural gas is likely to remain an underexploited fuel from the
strict perspective of economic efficiency.’
M. A. Adelman et al. (1986)

Over a period of 20 years natural gas has become one of the major sources
of energy supply for European households, business and utilities. The
overall share of natural gas in the energy use in Europe has increased from
somewhat above 3% in 1966 to just over 15% in 1986. Whether this
expansion should be considered as fast or slow is a contested issue.
According to critical observers such as, for example, Odell (1988) and
Adelman et al. (1986), the expansion has been far too slow as a combined
result of unrealistic pricing policies of the producing companies, monopolis-
tic practices in transmission and distribution, misperception of the natural
gas supply situation in Europe and various institutional constraints.

For the future role of natural gas in the energy supply of Western Europe
the immediate years to come may be of particularly great importance for
the role of gas far into the next century. The big issue is deregulation, but it
is not the only matter of importance.



4 The Western European gas market

On the supply side there is a bargaining battle coming up between the
three contenders Algeria, Norway and the USSR about the replacement of
Dutch exports and decreasing indigenous gas reserves. On the demand side,
there may be more countries hooked on to the main transmission grid in
Europe and there will be more customers connected to the distribution
network in the major gas-consuming countries.

The increased awareness of environmental risks may become a factor
which will work strongly in favour of natural gas which is cleaner than its
closest substitutes fuel, oil and coal. Natural gas may also replace nuclear
power for environmental reasons, accentuated by the Chernobyl disaster.
Technological development in cogeneration and other energy-using equip-
ment may also work to promote natural gas as the preferred choice on
economic as well as environmental grounds.

The deregulation issue has emerged with two major references: the
deregulation of natural gas markets in North America and the intention of
the Commission of the European Community (EC) to remove all obstacles
to free trade within the EC by 1992. The possibility of deregulation has
caused some consternation in the transmission and distribution companies.
At the present time, there is more bewilderment than anything else about
what the consequences of the EC’s intention will be for the natural gas
markets. For the supplying nations outside the EC, deregulation of gas
markets may have great economic importance and influence the producing
companies’ ability to capture the various kinds of rents inherent in gas
markets.

The main purpose of this study is to investigate possible effects of a
deregulation of the European gas market, that is, introduction of the
principle of common carriage or open access to the European transmission
and distribution system. After a brief description of the European gas
market (section 1.2), we analyse the role of the transmission companies in
the light of static welfare economics (section 1.3). After a brief discussion of
the common carrier principle, we present in section 1.5 a price/netback
analysis of various market segments. These calculations reveal that, at least
in some countries, transmission companies have exploited monopoly power,
and thus restricted gas consumption. The effects on demand of a non-profit
pricing policy in transmission is then compared with the prevailing pricing
policy. The simulations indicate that in a deregulated market, gas consump-
tion may increase by 13—20% in major consuming countries.

The final section takes this analysis further and studies possible supply
responses initiated by common carriage. This is done by simulating a
dynamic oligopoly model for the European gas market. These model runs
predict a growth in gas consumption between 47 and 80% from the base
year to 2010. This demonstrates that consumers will benefit from the
introduction of common carriage.



The European gas market S
1.2 THE EUROPEAN GAS MARKET

. .. the mere five-point increase in gas’ percentage contribution
to the energy market over the past decade and a half represents a
failure by the gas industry and government energy policy makers

to accept the opportunities offered by natural gas for changing

Western Europe’s energy system.” P. Odell (1988)

1.2.1 The evolution of a European natural gas market

The discoveries of significant indigenous gas reserves, first in the Nether-
lands and other continental countries and later on in the North Sea, along
with large suppliers made available by the USSR and Algeria, have allowed
a gradual evolution in gas consumption in Western Europe. Due to high,
but declining average costs of transportation, natural gas penetrated first to
electricity-generating utilities and large energy-intensive industrial plants
(Table 1.1). However, as the gas distribution network was expanded,
natural gas accelerated as a primary fuel chosen by households and in
smaller industries and the commercial sector as well.

During the 1970s, gas demand increased rapidly in the major countries
specified in the table. In the aftermath of the two oil price increases, energy
consumption in the European countries has stagnated or decreased in the
1980s. Natural gas, however, has continued to penetrate the energy market,
although at a lower pace than in the preceding decade. The share of gas in
total energy demand thus rose from about 14.5% in 1980 to 15.2% in
1986. The growth in gas consumption remained strong in Italy and the UK
whereas demand levelled out in West Germany and France. Some smaller
countries added to total gas demand.

In recent years, natural gas has had greatest success in the residential and
commercial sectors (Table 1.1). In 1986, gas consumption in these sectors
constituted about 53% of total gas demand in Europe, while this share was
only 37% in 1975. Ease of control and high efficiency, in particular in
central heating systems, have motivated households to switch to natural gas,
both through conversion and retrofit investments. Even more important,
however, has been the tendency of installing gas in new dwellings. In several
countries the share of gas-heated dwellings among new homes has come to
exceed 50%, and was in the range of 70—80% in the UK in the mid-1980s.

In the industrial sector and in power generating, gas consumption
stagnated in the 1980s (Table 1.1). This has been due to a generally low
activity level in this period, energy conservation and changes in the
industrial structure. In addition, pricing policies in several countries have
been directed to encourage extensive use of domestically produced coal and
nuclear energy.



saourjpg K3ioug QOO ‘ASiauq plioy Jo mainay |po1suvis Jg $224n0§

TSt (34! el L9 €T (%) uondwmnsuod £313ud
A1ewud jo areys sy
L€ 66 9°6L 1SS 8T [EI2WWOD ‘[ERUIPISIY
Ti- $'€9 89 v'6S vIe Ansnpur
L0- 1'¥C 1'ST §TE SIT uone1auad A1y
Yorym jo
91 1's61 9°LLY Tevl I't9 6'81 adoing uiaisap [eI0L
90~ 8’1t €ep 0°S¢ 8Tl $T Auewag 33
LT €8t I'Ib 43 01 8°0 N
€0 00 00 00 00 Anpng,
0T 60 80 S0 00 00 puelazZIIMg
0 00 00 00 00 uspamg
9§ $T 81 €1 10 00 uredg
00 00 00 00 00 [edniog
00 00 00 00 00 AemioN
'y 183 01¢ 0'TE L'ST 91 SPUEBHIYIdN
8¢ 6'8C 1'€T 9°81 801 €L Ajear
0'v1 't $°0 00 00 00 pue[a1] jo drqnday
00 00 00 00 00 puead]
10 00 00 00 00 3315
1T 8'$C 61 WA '8 0°s dueL]
8¢ 01 8°0 L0 00 00 puejury
01 00 00 00 00 Jrewus(q
0°§— L9 16 €8 $'e 10 8amoquiaxn pue wnidjg
8°0 vy Tt 9€ $T 91 elsny
98-0861 9861 0861 SL61 0L61 $961

(1mou3 a8viany

(o03w) 1udEAINbS [10 sauuol uoriu ‘adoinyg ursapy ‘uvondwnsuod sed [einieN [°f d[qel



The European gas market 7

On the supply side, some of the gas-consuming countries have significant
domestic gas resources of their own, but with the Netherlands as the only
net exporter (Table 1.2). Three main producing areas supply the region
from its fringes, namely the USSR, Norway and Algeria. The USSR has
close to 40% of the total reserves of natural gas in the world. Algeria’s
exports consists partly of piped gas to Italy, and partly of LNG (liquified
natural gas) deliveries to several countries on the Continent. Norway’s
offshore production of natural gas increased rapidly in the 1970s and all its
production (close to 30 bem in 1987) is exported to the UK and the
European continent through pipelines.

Table 1.2 Natural gas reserves and production, 1986

Production  Proved reserves R/P Net exports

(bem) (1000 bem) ratio to W. Europe
France 3.60 0.04 11.11 -19.93
Italy 12.93 0.30 23.20 -16.42
Netherlands 57.03 1.80 31.56 23.90
Norway 27.30 3.00 109.89 27.30
UK 38.27 0.60 15.68 —-10.04
West Germany 11.29 0.20 17.71 -30.53
Others 4.60 0.26 56.52 -21.80
Total Western Europe 155.02 6.20 39.99 —47.52
Algeria 42.10 3.00 71.26 24.60
USSR 733.80 41.10 56.01 38.80

bem = billion cubic metres, 10° m3.
Sources: BP Review of World Gas, OECD Energy Balances.

Altogether, the supply situation for the European natural gas market
seems abundant. The consuming countries are connected to four large
supply regions: Groningen in the Netherlands, the Algerian Sahara, Uringoi
in western Siberia and the North Sea. The gas reserves included in these
fields represent potential for many years with total consumption at a
considerably higher level than today’s. Moreover, most of the major
countries in Europe are interconnected in a central transmission system.
Still, it is the conventional view among many analysts that the future
growth in gas consumption in Europe will be moderate (the projections
range from a decline to a modest increase in total consumption, see e.g.
Bjerkholt, Gjelsvik and Olsen, 1989). The background for this somewhat
pessimistic picture may be found in the existing structure of the gas market,
and in particular in the strategies pursued by the transmission and distribu-
tion companies.
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1.2.2 A brief overview of the prevailing market structure

Natural gas is an exhaustible resource which means that the cost of
production includes, in addition to the factor cost of bringing it to the
wellhead, an opportunity cost of reducing the amount that can be produced
in the future. This opportunity cost is the rationale of a resource rent to be
included in the marginal cost. (For a further discussion of this aspect, see
Golombek and Hoel, 1989.) Another important feature is that increased
production over existing capacities will typically be made available by
large-scale investments in development of new fields. There is thus lumpi-
ness on the supply side. As will be discussed in section 1.6, these
technological features may have significant effects on 'market behaviour.

Gas at the wellhead is still far from the end user. The transportation of
natural gas in Europe is undertaken by pipelines, first from wellheads to
import terminals, then through national transmission grids and, finally, via
local distribution networks to the final end users.

The cost components of natural gas thus consist of extraction (produc-
tion), transportation from wellhead to import terminals, national transmis-
sion and local distribution.! In Table 1.3, cost estimates for a number of
natural gas fields serving Europe are reported. The cost estimates vary over
a large range, probably due to different assumptions on uncertain para-
meters such as investment costs, depletion rates/production capacities,
reserve estimates, etc. Distribution and transmission costs are the dominat-
ing cost components.”

For the inexpensive and close-to-market Groningen field, distribution
costs exceed 90% of the total. For the ‘high-cost’ Troll field, extraction
constitutes around 20%, international transport around 15%, and distribu-
tion the residual 65% of total costs. Even for LNG exports, where costs of
liquefying, shipment and regasification are more than double of average
international pipe transportation costs, and for gas shipped from the
permafrost area of Urengoi in Siberia, distribution costs exceed 50%.

The transmission lines and local distribution networks have the same
lumpiness and indivisibility properties as the production capacity. A trans-
mission and distribution network to serve a given set of end users will for
this reason often have spare capacity. Increased demand may thus imply
lower, rather than higher, average transportation costs per unit. Investments
in new transport capacity to cater for even higher demand may also imply
lower average unit costs as better use may be made of the already existing
infrastructure.

Economies of scale in transportation of natural gas imply that there will
typically be a limited number of distribution companies serving each

IThe distribution cost figures presented in Table 1.3 include local distribution, storage facilities
to handle peak load demand and national transmission costs.

21t is assumed that small-scale consumers pay transmission and distribution costs while
large-scale consumers only pay transmission costs.
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10 The Western European gas market

market. Moreover, the transmission of gas from wellheads or import
terminals to local distribution companies is by and large undertaken by
transmission companies of which there are only few altogether and each of
which is a virtual monopoly in its region. The major transmission com-
panies thus have a key role in the gas market.’

The transmission companies may be regarded as natural monopolies.
They are in a strong position vis-g-vis the producing companies and control
almost completely the access to end users. The transmission companies are
also tied together to some extent through joint ownership. On the other
hand most of them have been organized on a public utility basis with
government participation or working within the limits of government
concessions. Thus, they may not exploit their monopoly position to the
limit.

1.3 STATIC EQUILIBRIUM THEORY APPLIED TO THE
EUROPEAN GAS MARKET

In a competitive market of an ‘ordinary’ good the equilibrium price is
defined by the intersection of a downward-sloping demand curve represent-
ing the aggregate marginal utility schedule of many small consumers and an
upward-sloping supply curve representing the aggregate marginal cost of
production schedule of many small producers. The equilibrium price is thus
equal to marginal cost. The total net benefit accruing from the consumption
of the good is split between ‘consumers’ surplus’ falling to the consumers
and the ‘profit’ of intramarginal producers. In a long-term equilibrium
intramarginal profit is eliminated by competition and the market equilibrum
is depicted by the well-known textbook Fig. 1.1 showing the intersection of
the demand curve (D), the marginal cost curve (MC) and the average cost
curve (AC). By the fundamental theorem of welfare theory the competitive
equilibrium is sufficient for efficient allocation of resources in the absence of
externalities (in a wide sense), but only if all other markets are in similar
equilibrium. We take these textbook commonplaces as our starting-point in
discussing the peculiarities of gas production and trade in Western Europe.
The European gas market differs in almost every respect from the textbook
paradigm except that also in the gas market there are a large number of
small consumers.

Let us point out the differences of greatest importance for our discussion
with reference to the overview of the gas market given in section 1.2. As

3In some countries, like the Netherlands and Belgium, there is one company controlling the
national gas transmission network. In West Germany there are eight regions with eight
different transmission companies. The largest, Ruhrgas, has shares in three of the others, and
more important, it controls the national transmission network. This makes Ruhrgas a
dominant firm in West Germany. (For a more detailed overview, see Bundgaard-Serensen and
Hopper, 1988.)
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Fig. 1.1 The long-term equilibrium of a competitive market for reproducible goods.

mentioned there, due to resource scarcity in the supply of natural gas
different producers will have differing marginal costs, not only as a
transient phenomenon to be eliminated by competition, but as a permanent
feature. Intramarginal profit will thus not be eliminated by competition.
Secondly, increased production over existing production capacities will
typically be made available by large-scale investments in development of
new fields. And thirdly, the number of producers is relatively small, which
raises the question of imperfect competition, i.e. the producers’ ability to
capture more than their fair share — as defined by perfect competition — of
the total value of the gas produced.

The transportation and retailing of natural gas are again very different
from the corresponding services of ‘ordinary’ goods, for which these aspects
are usually left out of the analysis of market equilibrium, as being rather
inessential. Technologically, we have the textbook case of a ‘natural
monopoly’, i.e. downward-sloping average cost curves in the distribution of
natural gas. Increasing returns may be caused by underutilization of
capacity because of indivisibility, by lumpiness of investments as new
projects are large relative to the size of the market, or by other technologi-
cal reasons. The increasing returns in distribution could even outweigh
decreasing returns in production. The existence of increasing returns to scale
is obviously of major importance for the present state of the market. The
end users are in practice constrained to purchasing from only one company,
they have no possibility of storing the commodity and have thus no way of
counteracting price discrimination between end users.
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The specific features of the gas market lead to various kind of rents. We
have already mentioned the resource rent accruing from the exhaustible
nature of gas resources. The small number of agents producing and trading
gas together with the elements of increasing returns may lead to monopoly
rent. (If increasing returns prevail, one may have monopoly rent with zero
profit.) Finally, the lack of arbitrage possibilities for end users allows rent
from price discrimination, which in principle could amount to capturing the
entire consumers’ surplus.

We shall illustrate the equilibrium in the gas market in a static stylized
setting, with competitive conditions in production, but with a transmission
monopoly. In Fig. 1.2, the MC curve represents total marginal cost and the
MPC curve marginal production cost. Marginal transmission cost (not
drawn) is hence represented by the difference between the two curves. MPC
is everywhere increasing. Where MC is less steep than MPC there are
increasing returns in transmission. The curve AC is the sum of MPC and
the average cost of transmission. The vertical distance between AC and
MPC diminishes, which means increasing returns to scale in transmission of
gas. The demand curve is D, while the corresponding marginal revenue is
indicated by the curve MR. For simplicity it is assumed in the figure that
the transmission company buys gas at competitive conditions from produc-
ers. The optimal sales volume from an overall efficiency point of view is at
the intersection of the marginal cost curve and the demand curve.

Monopoly,
flat rates

McC
Perfect price
discrimination AC

P » MPC

AN D

Xm Xc Quantity

Fig. 1.2 Market solutions for a transmission monopoly.
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A transmission monopoly free to discriminate between end users (discrim-
inating monopoly) will in theory generate exactly this solution. The tariff
structure can be designed to capture the entire consumers’ surplus (gas
should be offered to consumers at declining tariffs corresponding exactly to
their willingness to pay). The tariff will charge each end user the same
optimal marginal rate. This holds whether the monopoly owns the gas it
transports or not. This hypothetical situation is depicted in Fig. 1.2, yielding
the equilibrium quantity X. Since the efficiency volume is realized, there is
thus a certain rationale in an unconstrained transmission monopoly. The
marginal price paid by the consumers is Pc, while the average price is
higher. Compared to the competitive equilibrium, the consumer surplus (the
shaded area) is transferred to the transmission companies.

In practice, a transmission monopoly will not be able to apply a perfect
discrimination of end users. It will rely on flat rates, at least for larger
market segments, and take its profit from monopolistic rates and restricted
volumes rather than perfect discrimination. The other extreme is thus no
discrimination, but monopolistic tariffs. This situation, which is that of a
textbook monopoly, is also depicted in Fig. 1.2. The monopoly solution has
price Py and sales volume Xy. In a fully exploited monopoly situation as
drawn here, the average cost of transmission is smaller than the transmis-
sion companies’ margin, which means excess capacity and a positive
monopoly rent.

Most probably, the actual market equilibrium in the gas market is
somewhere between the two extreme solutions. Since we do not have full
information of the cost and demand structure in the market, we cannot
know how close the present market solution is to the pure monopoly case,
Xum. The degree of distortion and monopoly power in the market is an
empirical question to which we will turn in section 1.5. First, however, we
will discuss the new suggested ‘order’ for selling and distributing natural
gas, known as ‘common carriage’.

1.4 THE COMMON CARRIER PRINCIPLE

A repeated issue in recent discussions of the European gas market is the
need for major structural changes in institutions and contractual arrange-
ments. The discussion has been spurred by recent developments in the
North American gas market and also by confronting the current market
structure with the trade principles of the EC. The latter aspect has been
emphasized, in particular, with reference to the intention of the EC
Commission to remove all trade obstacles and bring the open market into
full effect by 1992. Applications of these principles to the natural gas
markets have been referred to as ‘open access’, ‘common carriage’ or
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‘common carrier principle’. But what is the ‘common carrier principle’ and
how will it affect the gas market in Europe?*

Critical observers of the European market have for many years argued
that the prevailing market structure and market arrangements allow for
exorbitant rents both to producers and to transmission companies, and that
the high end-user price that follows has severely limited the expansion of
the market and resulted in underutilization of transmission capacity. A
recent statement by a long-time critic is Odell (1988) who blames the ‘club’
of companies led by people of ‘limited horizons’:

Thus in the Western Europe gas market today there is the double
irony of under-exploited supply potential and an underdeveloped
market. The misconceptions over gas supply and gas markets are,
moreover, not simply allowed to persist by the powerful club of gas
transmission and distribution companies/institutions (some state and
some private). They are deliberately encouraged by them . ... Their
management principal objective ... appears to be to find guaranteed
long term supplies just adequate to meet their predetermined calcula-
tions of markets which have been chosen in such a way that they do
not have to worry much at all about competition from alternative
energy sources. The strategy overall reflects a ‘satisficing’ approach by
management which is anxious to be seen doing a technically excellent
job, but which has no stomach to accept the challenges and to respond
to the opportunities of a competitive approach to Western Europe.

The discussions of reform centred on the common carrier principle have
received strong and articulate opposition from the ‘club’ members. Ruhrgas
board member B. Bergmann (1988) argues that ‘the current healthy state of
the European gas markets is due to careful long term planning and
financing by national gas monopolies and large integrated companies, and
that enforced common carriage would wreak havoc with gas company
planning’. Another statement from a similar source says that ‘the present
system and gas supply in Europe is sufficient and that any move to modify
the present structure by introducing throughout Europe a blanket obligation
on gas companies to transmit gas for third parties would undermine security
of supply, cause uncertainties in the market, and be detrimental to the
interests of the end users’. :

The vehement reaction of the transmission companies towards a change
in the rules of the game in the direction of common carriage is embedded in
a set of arguments of why the North American development cannot be
applied to Europe. It is argued that the common carrier principle is

4There may be a distinction between ‘common carriage’ and ‘open access’, the first implying an
absolute obligation to carry a shipment of gas, while the latter is the weaker obligation to carry
a shipment in the case of idle capacity on a first-come first-serve basis. In this chapter we use
the two expressions synonymously for the weaker obligation.
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incompatible with the current reliance on take-or-pay import contracts and
that a change in existing contracts cannot be enforced because in Europe
there is no authority corresponding to the Federal Energy Regulatory
Commission able to exert regulatory powers over all parties. Furthermore, it
is argued both that common carriage would endanger the energy supply
security of Western Europe and that common carriage would leave small
distribution companies as easy victims of take-overs and thus result in
strengthened monopoly /monopsony power rather than the opposite.

The position of the EC Commission as to what common carriage means
and how it should be implemented for the gas market is by no means clear.
Various documents by the European Commission describe and discuss the
problems concerned, which may be outlined as follows:

1. Harmonization of taxes and prices and the obligation to publish
distribution tariffs and prices of individual contracts (price transparency).

2. Open access to the national and international pipeline systems, i.e. the
obligation to allow the gas suppliers to carry any volume of gas to a
‘third party’ (end user). This principle of common carriage means the
end of a system of national monopoly for gas transmission companies as
retailers of gas.

3. Abolition of prevailing obstacles to free competition between different
fuels for electricity generation. Important is the banning of gas burning
and protection of nuclear and domestic coal in some markets.

The EC has not come out with an official position in these matters yet, but
several documents indicate that EC officials are leaning in favour of the
common carrier principle and other measures to promote competition in
European energy markets. While efficiency considerations and the general
principles of the EC clearly favour reform of the prevailing market
structure, it is still difficult to guess the final outcome of the political
handling of this problem within the EC. The political authorities of the EC
have not shown a strong interest in promoting competitive energy markets
until recently. The EC Council has inter alia prohibited any further use of
natural gas in government-owned power plants. Underlying this regulation,
which clearly has to go if gas markets are to become more competitive, is
the protection of domestic energy sources in the respective EC countries:
coal in the UK and West Germany and nuclear power in France and
Belgium.

Consumers, independent producers and regulators have common interests
in looking for policy means to enforce more efficient ways of trading and
transporting natural gas within Europe. For Statoil and other large produc-
ers it seems clear that they do not have the same interest in holding on to
the take-or-pay contracts as the transmission companies. The lower prices
since 1986 have created greater interest in raising additional revenue by
finding outlets for supplementary gas resources, maybe to the extent of
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trading the apparent security of the take-or-pay contracts against the
possibilities of direct contracting with end users and local distribution
companies opened up by the common carrier principle. High-cost producers
with fields that would not have been developed under more competitive
conditions, stand to lose in a more competitive market, however. Statoil’s
position is clearly vulnerable from a cost point of view, especially if
Glasnost thaws away any political limit set on Soviet supplies. Statoil’s
control over the entire Norwegian production and transportation to the
Continent and the UK gives the company considerable flexibility in its
marketing.

1.4.1 A theoretical definition of common carriage

Let us return to the simplified theoretical scheme from the previous section.
The common carrier principle can be taken to mean access to the use of the
transmission pipeline at current average costs, i.e. the costs corresponding to
the volume Xy in Fig. 1.2. Producers and end users would then have a
margin of mutually beneficial trades. Market forces could then be relied on
to bringing the end-user price down until it equals AC. This new situation is
depicted in Fig. 1.3, where the ‘common carrier’ equilibrium is given by the
price Pcc and sales volume Xcc. This is still a higher price and lower
volume than the (unobtainable) competitive equilibrium given by price Pc
and volume X.. The main point is, however, that the move from Py to
Poc reduces transmission costs. The transmission companies’ surplus
vanishes, and the transport tariff is reduced to average transmission costs.

Price
>
\
N Monopoly,
N flat rates
\
\\
Pu S\ Common mc
N carrier AC
\ i
PCC \\\\.' ,
! MPC
T
AN
N
N
L —L
/ 1 ~ D
X X* Xec Quantity

Fig. 1.3 Market solution with common carrier.
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Based on this stylized theoretical framework we conclude that common
carriage may lead to higher volumes traded and more competitive behaviour
in the gas market (see also the discussion in Hurst, 1988). There are,
however, other ways of regulating the transmission monopoly. One is by
forcing the transmission monopoly to set its rates on a traditional public
utility cost-of-service basis. This will result in pipeline tariffs set at average
costs and theoretically lead to the same result as common carriage. It may,
however, imply a stronger bias of a too capital intensive transmission
system and also incur higher administrative costs. Another way is by direct
regulation of end-user prices towards the same equilibrium solution. The
latter alternative combined with common carriage may be the right remedy
to speed up adjustment in a transient phase of an underdeveloped market.
Increasing oil prices as might result from the recent OPEC accord might
help in this respect.

What then about the claim that common carriage will simply transfer
monopoly power and benefits from the transmission companies to produc-
ers of natural gas? Clearly, one cannot disregard the possibility that
producing companies will take advantage of the new situation and try to
capture a part of the consumers’ surplus by price discrimination. However,
as pointed out in section 1.2, there are several potential suppliers to the
European market, each having significant reserves, and in an open market
there are thus reasons to expect strong competition over market shares. We
will return to this in section 1.6.

Existing take-or-pay contracts may, of course, prove less profitable for
producers as well, as a consequence of ‘third parties’ entering the market
with new deliveries. In particular, contracted gas from high-cost fields may
suffer from the fact that they have been developed too early.

1.5 A PRICE/NETBACK ANALYSIS OF MARKET SEGMENTS,
AND THE EFFECTS OF NON-DISCRIMINATING PRICING

In this section we attempt to throw some empirical light on the profit-
making behaviour of the transmission companies by presenting figures on
prices paid by different consumers and cost and profit margins in the
transportation of natural gas. To the extent the analysis reveals a positive
netback to distribution companies and/or price discrimination, it is an
indication of the use of monopoly power.

The netback analysis is carried out for West Germany, France and the
UK. For each of these countries we distinguish between three market
segments: households/commercial, industry on firm supply contracts and
industry on interruptible contracts. Eurostat (1988) provides data on gas
price for end users of different yearly off-takes in the first two sectors. For
households, we have chosen a weighted price corresponding to a
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125.6 GJyear™' consumption level. For firm industries, the price for an
off-take at 418 600 GJyear™! is used. For interruptible industrial deliveries,
the price of heavy fuel oil is used in the calculations.

The cost figures are collected from Purvin and Gertz (1987). There, the
following cost components are specified and estimated:

1. town distribution (assumed zero for industry);

2. national transmission, including storage costs;

3. import price (c.i.f.);

4. value added tax on the components above (assumed zero for industry).

Subtracting the components (1)—(4) from the end-user price, gives the
corresponding net profit margin or netback to the transmission company.

Estimates of distribution costs and netbacks for two years, 1984 and
1987, are reported in Table 1.4. In the same table, we present calculated
‘unit cost prices’ for each user group, defined as equal to the estimated total
costs. The table shows quite significant netback margins and price differen-
tials. In West Germany, the highest netbacks are calculated for firm
industrial deliveries, while margins for interruptible contracts are rather
small. The margins generally decreased from 1984 to 1987. End-user gas
prices declined less over these years than fuel oil (premium factors in-
creased). Thus, in spite of the squeeze in margins, gas lost competitiveness
against fuel oil, especially heavy fuel oil, but closed the gap with coal prices.
In the UK, netback margins in households and smaller industries were
negative in 1984, but turned positive in 1987 after the import price
plummeted. The pricing policy tends slightly to disfavour large industrial
users, but also industry netbacks were much lower than in West Germany.
The figures calculated for the UK indicate that British Gas kept prices low
and let a part of the gas rent be passed on to the consumers before 1987.
The decrease in gas prices in 1986—87 has been relatively less. As opposed
to the other two countries, in France the estimated netbacks are highest for
the group consisting of households, commercial and other smaller indus-
tries. Based on these figures, Gaz de France seems to have had a pricing
policy that has favoured larger industries. The margins are at roughly the
same levels both in 1984 and in 1987.

To sum up, price differentials between firm industry supplies and other
uses have been large in France and the UK, but insignificant in West
Germany. The German pricing policy seems to have been that of a
non-discriminating monopoly squeezing all consumers at the same level, the
French policy has discriminated against households and other smaller users,
while the British policy has favoured and partly subsidized smaller consum-
ers, probably at the expense of indigenous gas producers.

Obviously, various uncertainties are inherent in the estimated distribution
costs (see Table 1.3). Since import prices are assumed to represent the cost
of gas to the transmission companies — if gas can be bought cheaper from
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indigenous producers, the margins will be underestimated. This may, for
example, affect the estimates for the UK, where British Gas in periods has
set indigenous prices below import prices on gas from Norway. Furth-
ermore, a large fraction of the transmission and distribution costs are fixed
capital costs. As a result, the unit costs presented in Table 1.4 vary with
several economic and geographical factors in the various countries and
market segments.

How can the calculated profit margins and the actual volumes of natural
gas brought to the market-place be evaluated in light of the theoretical
discussion in sections 1.3 and 1.4? Recall again Fig. 1.3. The average cost in
transmission in the current situation generally decreases with the volume of
gas transported through the pipeline. If we ignore the possibility of having a
perfectly discriminating monopoly, the observed equilibrium point, for
which distribution costs are calculated, is somewhere to the left of the
quantity X ¢, which yields a zero netback in transmission. Thus, based on
the calculated costs and netback margins, a main conclusion is that the
volumes of gas in the markets are too small, i.e. smaller than what should
have been attainable under more competitive market conditions. To evalu-
ate the degree of distortion in the market simply on this kind of information
is, however, not possible. To do this in a satisfactory way would have
required full information of the various cost and demand functions, which
we do not have.

What we instead intend to do in the following is to estimate the demand
effects of gas prices being reduced from the actual levels to prices corres-
ponding to the calculated total unit costs in Table 1.4. If the gas companies
reduced prices to this level, gas demand would increase, but still be lower
than Xcc. So, even though ATC decreases, the distribution companies
would still earn a positive margin. Assuming simple monopoly behaviour,
this pricing policy would increase demand from Xy to X* in Fig. 1.3. To
measure volume effects we have used a gas demand model for the European
market developed in the Central Bureau of Statistics, Norway, called GEM.
This model covers all the major gas-consuming countries in Western
Europe, distinguishing in each between four sectors: households, commer-
cial, industry and power generation. GEM has been simulated for two sets
of prices: (1) average 1980—-87 end-user prices, and (2) unit cost prices, as
presented in Table 1.4. In simulation (1), we have used the same prices in
the household and commercial sectors, while firm industry prices are
applied in the manufacturing sector. Other variables have been kept
constant at the 1984 level. Gas consumption in the power generation sector
has been kept constant throughout the analysis. The model has been run
over several years in order to include lag effects and compute long-term
equilibrium solutions.

The results of these simulations are reported in Table 1.5. According to
these calculations, total gas consumption in West Germany (exclusive power
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Table 1.5 Volume effects of unit cost pricing. GEM simulations (mtoe)

Households Commercial Industry Total
France
(1) Historical prices 1980-87 7.0 9.6 8.8 25.7
(2) Unit cost prices 8.7 10.5 9.6 29.1
Deviation (2 — 1) 1.7 0.9 0.8 3.4
Percentage 243 10.4 9.1 13.6
West Germany
(1) Historical prices 1980-87 10.1 7.6 13.8 42.0
(2) Unit cost prices 14.5 9.0 16.2 50.3
Deviation (2 — 1) 4.4 1.4 2.4 8.3
Percentage 44.5 18.4 17.4 19.8

generation) would increase by 8 million tonnes oil equivalent (mtoe) if gas
prices are decreased to unit costs. The gain is largest in the household
sector, almost 4.5 mtoe, while demand in the industry sector increases with
2.5 mtoe. In the UK, the volume effects are rather insignificant, due to the
small differences in actual prices and unit costs reported above. In France,
the total gain of more competitive pricing is 3.5 mtoe, half of which is
estimated to take place in the household sector.

It should be emphasized that the losses and gains of Table 1.5 are
differences in long-term equilibrium levels, which will only occur if the price
differences are sustained over a long period of time. As stressed above, our
constant average cost of transmission and distribution in these calculations
tend to overestimate unit cost prices at the new volumes and thus
underestimate volume effects. On the other hand, there is, of course,
uncertainty related to the estimated cost figures.

Still, the model runs support the argument that current price policies of
the gas companies have significantly restricted consumption in countries like
West Germany and France. The simulations indicate that demand in the
three sectors, households, commercials and industry, in these countries
could increase by 10-23% if more competitive pricing policies were
adopted. Lifting the ban on the use of gas for power generation would add
significantly to this prospect. Actually, several analysts foresee the best
potential for gas in the latter market segment if gas was allowed to compete
(Odell, 1988; Rogner, 1988). Thus, the current 15% market share of gas in
Europe’s energy market seems far too low.

Both the comparisons between prices and costs and the model runs
indicate that gas companies do not maximize consumer surplus, but rather
exploit a monopoly position to capture a positive rent. However, it is also
clear that the analysis is based on some rather simplifying assumptions. One
complication is caused by the fact that there are a limited number of agents
on the supply side as well. A realistic description of the gas market should
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therefore take into consideration the game situation over contracts between
large producers like the Netherlands, Norway, Algeria and the USSR on one
side and the national gas companies of Western Europe on the other. The
outcome of negotiations may be some kind of sharing of the total rent,
arising by deducting real producer and distribution costs from end-user
prices. Calculations indicate that the gas contracts are designed to share
rents between producers and gas companies (Bjerkholt, Gjelsvik and Olsen,
1989).

1.6 SIMULATION OF FUTURE GAS SUPPLIES AND PRICES IN
A DEREGULATED EC MARKET

Our investigation so far shows that end-user prices have not come down to
competitive levels. Thus, there are strong indications that the gas markets of
Western Europe are underutilized. But the argument that the prevailing
market structure with long-term ‘take-or-pay’ commitments are necessary to
ensure gas supplies in the long term, is still to be investigated.- Will common
carriage undermine the market, get rid of ‘take-or-pay’ contracts and scare
off investors from high-cost gas projects like Troll? Or, will it be foolish of
the EC to undermine the strong position of the gas companies, leaving the
battlefield open for strong and greedy producer groups ready to form a
cartel?

1.6.1 A dynamic oligopoly model

To answer these questions we have made simulations on a dynamic
oligopoly model (DOM) developed in the Central Bureau of Statistics,
Brekke, Gijelsvik and Vatne, (1987). The model describes a game between
three large producers: Norway, Algeria and the USSR, playing on an excess
demand function (total demand of the Western European continent minus
indigenous production). This model simulates a deregulated market in
which there is no intermediate barrier between suppliers and end users, and
the producers compete directly for market shares.

The UK is kept out of the game, and the Dutch production is included in
indigenous supply. Since the game is essentially an investment game between
suppliers with a bundle of lumpy investments, and the Netherlands already
have made most of their heavy investments, this seems to be a reasonable
way to reduce the number of players which makes the model easier to
handle.

Each player possesses a bundle of large, lumpy investments. In the
beginning of each 5-year period they can make one or more investments, or
none. The moves are made simultaneously, only previous investments are
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known. The investments are operative in the next period. The players
maximize discounted cash flows over the horizon of seventeen 5-year
periods starting in 1985. They have perfect information of demand, costs
and projects and can predict the other players’ best moves. The players
choose their best strategies on the basis of this prediction (Nash equilib-
rium).

A model solution consists of a complete plan of how to act in all future
periods. The plans (strategies) consist of a set of actions, contingent on
previous outcomes. Thus, the solution also shows the alternative optimal
strategies whenever another player deviates from the optimal strategy by,
say, postponing an investment.

The model is solved by dynamic programming, and the solutions are
perfect Nash equilibria.” The solutions of this investment game are depen-
dent on the solution of the short-run game for given investments. For the
sake of simplicity we have chosen the Bertrand price game (Bertrand, 1883).
This implies full capacity utilization and lower prices compared to a
short-run Cournot game.

The supply behaviour assumed by DOM is strikingly different from that
of a static Cournot investment game. The static game is a one-shot game,
i.e. the players cannot respond to each other’s actions or moves. The
Cournot equilibrium is Pareto-dominated by the collusive solution
(monopoly) which, however, is not achievable when producers cannot
cooperate. This is known as the ‘prisoners’ dilemma’. But if the game is
repeated, and the players have so-called trigger strategies, the collusive
solution may be an equilibrium. However, we will argue that as a
description of behaviour in the market for natural gas, the collusive
repeated game solution is not appropriate. The main reason is that the
existence of irreversible investments gives little power to trigger strategies.

To grasp the basic implications of the existence of large and irreversible
investment projects in the gas market, a model building explicitly on
dynamic game theory is required. In such a game the players are perfectly
aware that their current actions have important implications in future
periods. If Norway decides on a large investment in period 0, this will not
only increase total supply and decrease market prices, but also decrease
profits on the competitors’ future investments. In such a dynamic game, the
states and the strategies at various points in time will depend on previous
actions and outcomes in the market. In equilibrium, the players will balance
the profits from discouraging other supplies by making an investment,
against the profits from restricting supply by postponing the investment.

5In some cases the Nash solution is not unique, i.e. there are two or more Nash equilibria.
Rationality in such situations is not easy to define. We assume the minimax solution will be
chosen in this case.
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1.6.2 Model simulations
(a) Basic assumptions

The price and income elasticities are averaged over those used in the GEM
model referred to in previous sections. The aggregate demand function gives
a lower demand in 1990 and 1995 than the International Energy Agency
(IEA) and Purvin and Gertz projections for the same income and price
assumptions, but a slightly higher demand in 2000 and 2010.° Indigenous
production was 123.2 bcm in the base year 1985, and is assumed to
decrease by 1.2% throughout the horizon.

In 1985, exports to the demand region were 13, 17.8 and 28.6 bcm for
Norway, Algeria and the USSR respectively. Norway had initially no excess
production capacity. Exports are assumed to increase to 15 bem in 1990,
but decrease later on as fields expire. Algeria had idle capacity of 4.7 bcm
in the Transmed pipeline to Italy in 1985. We assume this capacity to be
fully utilized by 1990. Similarly, the 27.4 bem idle capacity in the Soviet
export pipeline to Europe is assumed to be absorbed by 1990.

Each player has three possible investment projects. For Norway these are
Sleipner (5 bcm) and Troll I and Il with 24 bem each. Algeria can install a
compressor platform in Transmed, adding 5.5 bcm to total capacity. The
second project is building another pipeline across the Mediterranean Sea,
adding another 18 bcm to total export capacity. The third possibility is
utilizing and restoring ‘idle’ LNG capacity, amounting to 20 bcm. The
USSR can install extra compressors increasing existing pipeline capacity by
12 bem. The other options are two new pipelines to Western Europe with
30 bem capacity each.

The estimated cumulated investment costs are (in million $US):

Projects 1 2 3
Norway 1900 8400 14400
Algeria 400 6700 7700
USSR 200 9200 18200

In the model, variable costs are the sum of variable production costs like

labour, material, insurance and energy costs, and transport costs to a

central point in the European market. For producers not investing in

pipelines, transport costs are total average unit costs including capital costs.

This applies to all three Norwegian projects, which are all field investments.
The base case discount rate is set at 10%.

(b) Model results

The simulation results are shown in Table 1.6. In 1985, the players’ optimal
decision is project 0, 1 and 1 for Norway, Algeria and the USSR

6The model has been run for a more accurate calibration to Purvin and Gertz’s (1987) implicit
demand function. This did not change the DOM solution.
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respectively. This means that Norway does not invest in this period, while
Algeria and the USSR both start compressor projects. These capacities are
added to 1985 supplies and excess capacities, increasing total imports from
the three suppliers to 111 bem in 1990. The price will plummet to 60% of
the 1985 level at 1985 $2.34 per million BTU ($84.2 per 1000 m?) as a
result of this massive flow of gas pouring into the market.

Norway decides to start the Sleipner investment in 1990, the Troll I
investment in 1995, and Troll I in 2010. Algeria initiates the pipeline
investment in 1990, and the LNG investment as the last investment simply
at the point of time (2045) when this action maximizes discounted cash
flow. The USSR puts in the first new pipeline project in 2015 and the
second in 2035. As a result of these investments, the price does not exceed
the 1985 level until 2025. In 2050 all investments are productive, the game
is over and the price increases at the speed set by the excess demand
function.

Due to our assumption regarding the short-run price game, all existing
capacities in the production and transmission system are absorbed im-
mediately. However, the most striking result from the base run is that the
market absorbs an additional 50 bcm volume growth from 1985 to 1990
even though the price is above current level. Although there is presently
some growth in gas demand, this is far from the 10 bcm yearly predicted by
the model. As a mirror image of the continued heavy investments in supply
regions, gas continues to penetrate the continental market in the 1990s and
reaches 273 bcm in 2000. Thereafter, there is no further expansion in
consumption until gas from Troll Il enters the market after 2010.

In Fig. 1.4, the development of natural gas consumption as projected by
the DOM model is compared with the projection made by Purvin and Gertz
(1987) and IEA (1988). The much stronger growth in the DOM simulation
is rather remarkable; while, for example, the IEA foresees a growth in gas
consumption of about 20% from 1986 to 2000, consumption in our model
increases close to 50% in the same period.

In Bjerkholt, Gjelsvik and Olsen (1989) some alternative simulations are
undertaken, based on changes in the assumptions regarding indigenous
production in consumer countries, discount rates and the start period of the
supply game. They are all characterized by strong growth in consumption —
ranging from 47 to 80% from the base year to 2000. In some of the model
runs, the dynamic game leads to strategic investments aimed at preventing
other players’ investments.

Even though the dynamic supply model is not designed for projecting the
development of the European gas market in any detail, it demonstrates an
important theoretical point: oligopolistic competition can lead to a fierce
fight for market shares, even though there are few players. If the basic
assumptions hold, that is, common carriage prevails, the players cannot
cooperate, and they are fully informed about prices and costs and heavy
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Fig. 1.4 Projections for natural gas demand, Western Europe, 1985 = 100.

investments can be financed, there seems to be little reason for worries
about future supplies of natural gas to the European market if the market is
deregulated. The consumers would surely benefit from it, producers will
increase capacity utilization and gain market outlets for new investments,
but compared to the present state of the market, they may lose rents from
selling high-price gas to premium markets when oil prices are high.

The model runs are based on the assumption that the intermediate barrier
between suppliers and end users is eliminated, and that the players compete
directly for market shares. Clearly, a necessary condition for this assump-
tion to hold is that a well-functioning regulatory body can be set up to
ensure common carriage.
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Residential energy demand — the
evolution and future potential of
natural gas in Western Europe

SARITA BARTLETT, STEINAR STROM AND

JYSTEIN OLSEN

2.1 INTRODUCTION

Natural gas demand in Western Europe has grown substantially since the
early 1960s. In 1960, natural gas accounted for only 2% of the total
primary energy consumption in the region. Initially, natural gas was used in
the industrial sector, and in countries with indigenous supplies, i.e. in the
Netherlands and the UK. Additional discoveries in the North Sea, and the
first oil price shock in the early 1970s made natural gas more attractive as
an energy supply for many potential users. Distribution first developed in
countries where there were existing town gas networks, e.g. the UK and
Italy. In other countries, the construction of new networks was a condition
for the introduction of natural gas. Both interregional and international
trade accelerated in Western Europe. In the early 1980s, natural gas
demand continued to grow, but at a slower rate than in the 1970s. By
1986, natural gas represented over 15% of the primary energy consumption
in Western Europe.

In the residential sector, natural gas use has grown from a very small
percentage of total energy consumption in the early 1960s, to 40% of total
consumption in 1985. This growth has varied among the countries in the
region. In the 1970s, the increased availability of natural gas, and its
favourable price relative to oil, caused fuel switching from oil to natural gas
in existing dwellings, and stimulated the use of natural gas in new
dwellings. The intensity of use also increased primarily because of increases
in the number of centrally heated dwellings, and in the share of single-
family dwellings. In the early 1980s, natural gas demand grew at a faster
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rate than total energy demand. Fuel switching had slowed down, but the
preference for natural gas space-heating systems continued to prevail.

Will residential natural gas demand in Western Europe continue to grow
in the future? One of the major uncertain factors is whether the relatively
low oil prices from the mid-1980s will be sustained. Moreover, a stable
economic environment is crucial for the expansion of future energy demand
in general, and hence natural gas demand.

To examine the future directions of natural gas demand, a formal model
is a useful tool. In this chapter we present a model which can be used to
analyse residential space-heating demand. The model is estimated on data
for seven European countries: France, West Germany, Italy, the Nether-
lands, the UK, Denmark and Sweden. We have directed our attention to the
space-heating end use. This end use comprises around 80% of residential
natural gas consumption. The model applied in this chapter is a dynamic,
discrete—continuous choice model (Dagsvik et al., 1987; Bartlett et al.,
1987). The discrete part of the model corresponds to the choice of fuel used
for space heating in both new and existing dwellings, while the continuous
part determines the level of energy demand, given the fuel choice. Transi-
tions among fuels (fuel switching) makes the model dynamic, and a specific
parameter reflects the degree of ‘habit persistence’ held by consumers. An
important feature of this model is that the set of independent variables
includes both structural and economic components. The structural variables
link energy demand to the characteristics of the dwelling stock. Taking
these explicitly into account the model may be regarded as a synthesis
between a traditional econometric model and an engineering approach.

This chapter is divided into four sections. Section 2.2 gives a brief
overview of the evolution of residential natural gas demand in Western
Europe and discusses the determinants of natural gas demand, such as the
number of dwellings using natural gas for space heating, and the intensity
of use. In section 2.3, we present the theoretical fuel choice model. The data
and estimation results are briefly surveyed. Finally, in section 2.4 we have
used the model to illustrate out projections for space-heating end use.

2.2 THE EVOLUTION OF NATURAL GAS DEMAND IN
WESTERN EUROPE

2.2.1 An overview

In the early 1960s, natural gas became available in the residential sector of
many countries. Natural gas was viewed as an alternative to inconvenient
coal-based systems. As new natural gas reserves were discovered, residential
gas networks expanded, and in the late 1960s demand grew rapidly. The
growth in demand was also supported by the emergence of central heating
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systems in Western Europe. The effects of this were twofold. First, it
reinforced the households’ decision to switch from coal to natural gas based
heating systems, because in many countries natural gas was aggressively
marketed for use in central heating systems. Secondly, the presence of
central heating systems raised the intensity of use in each home. Initially,
natural gas was used in countries that had domestic supplies, e.g. the
Netherlands and the UK. International trade extended the market to Italy,
France and West Germany. Residential natural gas consumption is shown in
Table 2.1. Throughout the study period, the UK has been the largest user of
natural gas, accounting for 38% of total consumption in the region in
1986.

Table 2.1 Residential gas consumption (PJ])

Country 1960 1973 1980 1986
France 52 174 291 361
West Germany 46 214 410 552
Italy n.a. 106 233 374
Netherlands n.a. 296 411 381
UK 144 509 888 1041
Total na. 1299 2233 2709

From 1973 to 1978, natural gas consumption increased even further; the
annual average growth rate was around 10%. Natural gas systems replaced
oil systems in existing dwellings, and were installed in new dwellings. In
most countries, the share of natural gas used to meet total space-heating
demand was also growing, especially in Italy, the Netherlands and the UK.
The oil price rise that occurred in 1973-74 also stimulated natural gas
demand. The differential between oil and gas prices created incentives for
households to replace their oil heating systems with gas systems. Figure 2.1
shows that natural gas gradually became less expensive relative to oil.
Households were still switching from coal to natural gas systems.

After 1978, the natural gas demand was still increasing, but at a slower
rate (except in Italy). The average growth rate for the five countries from
1979 to 1986 was 4-5%. The large increases in the price of oil in
1973-74, and again in 1979-80, caused a general stagnation in energy
demand. Stagnation in national economies, central heating systems in most
countries reaching saturation point, and the implementation of energy
conservation policy measures designed to reduce consumption also contri-
buted to the sluggish growth in demand. In 1979-80, the differential
between the price of fuel oil and the price of natural gas was less than in
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Fig. 2.1 Relative energy prices.

the previous years, and natural gas prices also rose in the aftermath of the
second oil price rise. Therefore, there was less incentive for households to
switch fuels at this time. Moreover, as a result of the high energy prices, the
intensity of use of natural gas for space heating declined or levelled off in
most countries. Against this background, an increase in gas consumption in
the residential sector of about 4% per year in the period 1980-86 must be
characterized as rather strong.

2.2.2 Evolution of the housing stock using natural gas for space heating

The growth in demand for space-heating gas has primarily been due to the
large increase in the number of homes using natural gas for space heating.
This was due to fuel switching in existing homes, but more importantly, to
the installation of natural gas heating systems in new homes.

Fuel switching occurs when a heating system is replaced by one that uses
a different fuel. Normally, fuel switching does not occur unless there is a
considerable shift in relative prices, and usually only at the end of the
system’s lifetime. The 1973 oil price increases were sufficient enough to
trigger fuel switching from oil to natural gas systems. Natural gas systems
were more often chosen over other fuels, e.g. electricity, to replace oil
systems since the necessary duct work was already in place.

The share of homes using gas heating systems increased substantially in
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all the major West European countries from 1972 to 1985 (Fig. 2.2). In
each of the countries a large portion of this growth came from the
substitution of coal with gas systems when the system needed replacement.
Some growth also came from the conversion from oil to natural gas
systems.

The choice of space-heating systems based on natural gas in new
dwellings has been important determinant of natural gas demand. In each
country, the share of new dwellings using natural gas has exceeded the
share of total dwellings using natural gas. The installation of gas heating
systems in new homes increased sharply in the UK and West Germany (Fig.
2.3). In West Germany, the share of new homes installed with gas systems
reached 55% in 1984, from only 20% in 1973. In France, where electricity
is strongly promoted, the share grew less; it was 23% in 1973 and 33% in
1984. As old dwellings are replaced in the future, the share of dwellings
using natural gas for space heating will comprise a larger share of total
dwelling stock.
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Fig. 2.2 Dwellings heated with natural gas.

2.2.3 The intensity of use

From 1973 to 1978, the intensity of use increased in every country. After
1978, the level of intensity either declined or remained constant. There are
three factors that can influence the intensity of use: the characteristics of the
dwelling stock (share of single-family dwellings, age and thermal integrity of
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the dwelling, and dwelling size), the characteristics of the heating equipment
(share of dwellings with central heating, efficiency of the heating equipment)
and the behaviour and composition of households.

The increase in the dwelling size has tended to push the level of intensity
upwards. Since 1970, the average dwelling area has increased in every
country except in the Netherlands.

Single-family dwellings tend to have higher intensities than multi-family
homes since there are more exposed walls, and typically, there is more area
to heat. Both single- and multi-family dwellings have increased in size. In
France and West Germany, natural gas is used predominantly in multi-
family homes because of its availability. In the Netherlands, where the gas
network is quite extensive, the majority of natural gas is used in single-
family homes.

Newer homes tend to have a higher level of thermal integrity than older
homes because of the emergence of stricter building codes. On the other
hand, they tend to be larger than older homes. These two factors offset each
other with a net effect of reducing intensity. In France and West Germany,
the share of new homes represents over 21% of the total stock of
gas-heated homes, while in the UK the share is only 11%.

Changes in the characteristics of heating systems have caused changes in
the level of the intensity of use. Two of the most important characteristics
are increases in the numbers of central heating systems, and improvements
in the efficiency of new gas systems. The emergence of central heating
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systems has tended to increase the level of intensity since central systems
heat the entire home, as opposed to non-central systems which provide the
flexibility to heat only one room. In the early 1960s, the majority of homes
using natural gas had non-central heating systems. At present more than
60% of homes have central heating systems. In France, this share is near
90%.

Price increases that occurred during the late 1970s induced households to
lower their indoor temperature. This has led to a reduction in the level of
intensities in all countries — partially explaining the decline after 1978. The
UK has always had the lowest average indoor temperature in the region
(16 °C).

2.3 THE THEORETICAL FUEL CHOICE MODEL

The main characteristics of the discrete—continuous energy choice model are
the following:

1. Before the space-heating fuel choice investment decision is taken, there
are four different fuel choices available to the household. These fuels are:
natural gas, fuel oil, solid fuel and electricity.! The fuel choice is
represented by a comparison between the indirect utility functions
attached to the various fuel choices where the arguments of these
functions are independent variables such as fuel and equipment prices
and household disposable income.

2. In new dwellings, the investment decision is assumed to follow from a
comparison of indirect utility functions related to the different discrete
fuel alternatives. Due to unobservable heterogeneity, these discrete
choices are represented by a set of unconditional choice probabilities for
the various fuels. Given certain assumptions regarding the stochastic part
of the utility structure (the extreme value distribution), a traditional
mulit-nomial logit choice (MNL) model is then obtained.

3. In existing dwellings, the model allows for transitions (fuel switching)
among fuels. Investment decisions for space-heating fuel choice are in
principle reversible at a specified cost, as opposed to a priori assump-
tions made in several other studies of energy demand (Goett and
McFadden, 1982; Ruderman, Levine and McMahon, 1984). Changes in
space-heating equipment are restricted by conversion costs, and ‘habit
persistence’. This makes the choice model dynamic.

4. Given the fuel choice, the intensity of use is determined as a traditional
continuous choice, and the demand equation is derived from the indirect
utility function by Roy’s identity.

1We have not included district heating as a fuel choice.
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2.3.1 The fuel choice decision in new dwellings

The investment decision in new dwellings is described as a static discrete
choice. As opposed to the traditional econometric approach to energy
demand modelling, discrete choice models build explicitly on the assump-
tion that households choose among a limited number of space-heating fuels.
Due to unobserved heterogeneity affecting preferences, this behaviour is
represented by a set of choice probabilities, derived from the specific utility
structure. For each fuel choice, we define a conditional indirect utility
function, V, of the following type:

Vi, =v(z,) + & = v, + g, (2.1)

where V), is the maximum utility attainable from space heating, given that
fuel choice b is chosen, z, a vector of independent variables that character-
ize alternative b, such as prices, the user cost of capital, the level of
saturation of the gas network, and other non-alternative specific variables,
e.g. disposable income, v, the structural part of the utility function, while
g, is the stochastic term that captures the unobservable factors affecting the
fuel choice. For a given fuel choice h, ¢, is assumed to vary among
households.
The probability for choosing fuel 4 is denoted P, which is defined by

Ph = Pr(V,, = mlflx Vk) = Pr (U(Z;,) - U(Zk) > & — &y all k) (22)

In Dagsvik et al. (1987), a justification is given for the error terms to be
independently extreme value distributed. Given this condition, &, — ¢, is
logistic distributed, and P, can be written

_ eUlr
2e%
This is the well-known MNL model.

P, h,k=1,2,34 (2.3)

2.3.2 Transitions among fuels

In most of the previous studies of energy demand utilizing the discrete
choice approach, investment decisions are assumed to be irreversible. A
consequence of this is the restriction on the investment decisions for new
dwellings. Irreversibility is contradicted by the observation that fuel switch-
ing actually occurs, as discussed in section 2.2. In order to capture the fuel
switching aspect, we have specified a dynamic discrete choice model which
we then apply for existing dwellings. Analogous to Equation 2.2, we now
define a set of conditional choice probabilities, P, (¢t — 1, t), i.e.

Pyt = 1, 1) = Pr(V(t) = max Vi(t)| V(r = 1) = max Vi(t = 1)) (2:4)

where P, (t — 1, ¢) is the conditional probability that fuel » is chosen at
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time ¢, given that fuel s has maximized utility at time ¢ — 1. When these
transition probabilities are known, and given that the ‘history’ prior to time
t — 1 does not influence the decisions, the evolution of energy choices in
existing dwellings over time may be described as a Markov process.

In Dagsvik et al. (1987), the assumptions regarding the unobservable
elements of the specified model guarantee that the stochastic process is a
Markov process.” Furthermore, these stochastic assumptions introduce an
important dynamic element into the model, namely autocorrelation among
the fuel choices in different time periods. We have defined this as ‘habit
persistence’, and it is expressed by the parameter a in Equations 2.5 and
2.6. When « approaches zero, the utilities of the fuel choices become
perfectly correlated, while the correlation becomes negligible when o
approaches infinity.

If there are no observable costs of conversion among fuels, it is shown in
Dagsvik (1983) that the indicated stochastic specification implies transition
probabilities of the following form:

Pgy(t —1,¢t) = Py(t) — Pyt — 1)e™ ¢, s # b, a>0 (2.5
P (t—1,t) = P(t) — P(t — 1)e™® + e @ (2.6)

In Equations 2.5 and 2.6 the P,(¢) function is the MNL probability given
by Equation 2.3. It can be observed that when autocorrelation vanishes, i.e.
when « is infinitely large, the transition probabilities collapse into state
probabilities. This means there is no correlation among unobserved factors
influencing the households’ conversion decision. On the other hand, when «
approaches zero, perfect autocorrelation prevails, so if the independent
variables remain unchanged, households will not convert to a different fuel
system.

When conversion costs, i.e. the measurable costs of changing a fuel
system (difference in system costs, changes in duct work, etc.) are consi-
dered, the expressions for the transition probabilities change slightly; the
terms on the right-hand side of Equations 2.5 and 2.6 are no longer
identical to the MNL probabilities. This has important implications for the
procedure used to estimate the model (Bartlett et al., 1987), but these
difficulties are not discussed in this chapter.

2.3.3 Short-run capacity utilization

Given the fuel choice b, the energy demand is derived by applying Roy’s
identity. This states:

3v,/3p)
= 2.7
Xp au;,/ay ( )

2An extremal process is specified for the utility process (Tiago de Oliveira, 1968).
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where x, is the intensity of use of fuel ». From the specified form of the
indirect utility function chosen (Bartlett et al., 1987), one can obtain the
following short-run demand equation:

k=6

logx, = «y — aylogp, + a3y — kz Brzy (2.8)
-1

where p,, is the real price of fuel A°, y the real disposable income per
household, z; the gas network saturation level, z, the district heating
network saturation level, z; the share of single-family dwellings, z, the
average dwelling area, z; the number of heating degree-days, and z, the
share of centrally heating dwellings.

2.3.4 Data and estimation results

The data utilized in this chapter are collected and maintained by the
International Energy Studies Group at Lawrence Berkeley Laboratory
(IES-LBL) (see Ketoff et al. 1987a,b). Combined cross-sectional and time-
series data are used. It should be noted that the data are not strictly
‘individual’. To be consistent with the discrete choice framework, the data
may be regarded as ‘grouped’ data (Maddala, 1983). We utilize country
averages for the ‘energy’-related variables. One limitation of the IES-LBL
data is that they do not provide sufficient information on conversions. If
such data had been available, the estimation procedure would have been
simplified. This would have allowed us to employ directly the relations for
the transition probabilities used to calculate the coefficients of the model.

The estimation of the complete model is described in Bartlett et al.
(1987). Recently the model has been re-estimated, and the results evaluated.
Some of these results are:

1. The estimate of the energy price elasticity is —0.3. As emphasized above,
this should be interpreted as a short-term elasticity.

2. The estimate of the income parameter, a3, implies an income elasticity
between 0.6 and 1.2 (it varies among countries and over time). It is
interesting to compare these with estimates on the income effects for
natural gas demand in Europe obtained in other recent econometric
studies (Gjelsvik, Olsen and Vatne, 1987). Typically, in these studies, the
income elasticity is overestimated because of the rapid evolution of the
natural gas market in Western Europe. A preferable feature of our
discrete—continuous choice model is that the income effect is identified in
households that have already chosen natural gas for their space-heating
needs. Therefore, the estimate of the income effect is not influenced by
the variation in the number of gas customers during the estimation
period.

3All energy prices are disposable income data have been converted to 1981 $US.
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3. The climate variable zs, the share of single-family dwellings z3, and the
share of central heating z,, were the most significant, and reasonable in
magnitude of the structural variables.

4. The estimate of the correlation parameter, «, was rather low, so the
model involves a relatively high level of positive autocorrelation among
the elements influencing the household’s fuel choice, i.e. a high degree of
habit persistence. This implies that with ‘smooth’ developments in prices,
income and other independent variables, the transition probabilities are
also low.

2.4 RESIDENTIAL NATURAL GAS SPACE HEATING DEMAND
PROJECTIONS

Obviously, there is a great deal of uncertainty in predicting the level of the
future space-heating demand in Western Europe. First, relations estimated
with historical data may be unstable. Secondly, one has to make assess-
ments for the exogenous variables. Finally, the important elements influenc-
ing the future development of the natural gas market are not explicitly
present in the model framework, e.g. supply-side factors, policy questions
and environmental problems. It is important to stress that the present
framework is a tool for making projections, and its strength is to track the
most important impacts and relations in the market in an effective and
consistent manner. The simulations presented below should primarily be
regarded as demonstrations of the basic properties of the space-heating
model.

2.4.1 The reference scenario

The time interval for the simulations is the period from 1984 to 2000.
Focus has been placed on medium- and long-term developments, but we
also project from 1984 to the present. From 1984 to the present, we use
observed values for the exogenous variables for each country. In general, we
do not distinguish between paths of the exogenous variable of the individual
countries. The exception to the above is an assumption regarding the
development of the electricity price in France, where it is assumed to decline
at a rate of 1% annually from 1987 to 1995 (due to the promotion of
existing nuclear power programmes). In other countries, the real price of
electricity is assumed to increase by 1% per year. In addition, the
simulations are based on the following assumptions:

1. After the sharp fall in the 1985/86 fuel oil prices, the oil price is
assumed to follow the observed path until 1988, to stay constant until
1990, and to increase by 2% annually thereafter. The drop in the price
of oil from 1985/86 until the present is assumed to have a distributed
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lag influence on behaviour, with 20% of the price change occurring in
the first year, 50% in the next and 30% of the price drop in the third
year.

2. The price of natural gas follows the development of the price of oil, but
lagged by one year.

3. Coal prices (which we use to represent the price of all solid fuels used),
are kept constant until 2000.

4. The structural and independent variables included in the z-vector are
assumed to be unchanged in the reference scenario, while impact
calculations on some of these variables are presented below.

5. The number of new dwellings is assumed to increase by 1% annually.
The assumed replacement rate is 13% per year. (This is sufficient to
keep the total dwelling stock constant, or slightly increasing.)

Except for the abrupt movements in oil and gas prices during the first 3
years, the reference scenario is based on moderate changes in the variables
affecting the behaviour at the various levels of the model. One motive for
making these assumptions is to concentrate on a main feature of the
specified model, namely the difference among the fuel shares in the new and
existing dwelling stock. Since the model also tracks the evolution of the
total dwelling stock, it includes very important ‘structural’ and ‘demo-
graphic’ elements. Over a long period of time a significant number of new
dwellings will have entered into the market, while at the same time, some of
the older dwellings will be retired from the total dwelling stock. Therefore,
in the long-run, fuel choice decisions in new dwellings become important
for the development of the average shares of all dwellings. This component
is more important if the incentives to undertake conversions are limited. In
section 2.2, it was observed that the share of natural gas used in new homes
exceeded the share of natural gas in the total dwelling stock in the early
1980s. This relationship has important implications for the model simula-
tions, demonstrated in Figs 2.4 and 2.5, illustrating the resulting fuel shares
for the reference scenario.

The most striking feature of Fig. 2.4 is that it projects an increase in the
share of new dwellings using fuel oil systems until after 1990. This is a
direct effect of the fall in the oil price in the mid-1980s, which in the model
is assumed to extend partially to consumers’ expectations of future prices
(the assumed expected price decreases by 25% from 1985 to 1987).
Obviously, the implicit assumption regarding households’ expectations may
be questioned, but this problem is not addressed here. Through the 1990s,
the share of new dwellings using oil is reduced again, while the share of
new dwellings using electricity increases. This is most noticeable in France
because of the assumptions regarding the price of electricity.

The share of total dwellings using natural gas increases steadily over the
simulation period (cf. Fig. 2.5). This reflects the mechanism mentioned
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above; it is a direct effect of the relatively higher gas share in new
dwellings. The share of electrically heated dwellings also grows, at the
expense of the decline in the share of dwellings using oil and solid fuels.

5204_44/4
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Fig. 2.5 Projected fuel shares — total dwellings.
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The significance of the initially higher probability of choosing natural gas
in new dwellings may be further emphasized by examining Fig. 2.6. This
shows the average share of dwellings using natural gas approaching the
share of new dwellings using natural gas towards the year 2000.

Figure 2.7 shows the development of the share of total dwellings using
natural gas for space heating in five of the largest natural gas consuming
countries in Western Europe. (In the Netherlands, natural gas already
dominates the residential sector.) The highest growth is projected for West
Germany, where the average share of dwellings using natural gas increases
from 28% in 1984 to 45% in 2000. In the other three countries, the
growth is more moderate, due to smaller deviations between the share of
natural gas used in new and existing dwellings.

The part of the model describing the short-term energy-using behaviour is
predominately static with the exception of the lagged response to the sharp
decline in oil prices from 1985-86 until 1988. The marked fall in energy
prices in 1985—86 implies an projected increase in the unit consumption.
From 1988 to the end of the simulation period, the unit consumption in all
countries increases slightly, in coherence with the smooth development in
exogenous variables.

In addition to the development of the fuel shares, and the unit consump-
tion, the total consumption of natural gas is dependent on the growth in the
dwelling stock. The time path of gas demand as calculated by the present
model simulations is shown in Fig. 2.8. For the five countries aggregated,
the model projects an increase in residential consumption of natural gas for
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Fig. 2.7 The projected share of total dwellings using natural gas.

space heating of 38% in the period from 1984 to 2000. From a gas
exporter’s point of view, this may be characterized as a rather favourable
prediction. In evaluating the results, it is important to remember that these
results were due not only to growth in disposable income as in other models
(see e.g. Gjelsvik, Olsen and Vatne, 1987). The driving force of natural gas
demand in our residential demand model is the increase in new natural gas
customers, particularly through investment decisions in new dwellings.

Table 2.2 shows the annual average growth rates for the various fuel
shares from 1984 to 1988, and 1988 to 2000. In the latter period, total
energy demand is projected to remain constant. The projected shares of
natural gas and electricity used to meet total demand increase, while the
projected shares of oil and solid fuels decrease. The growth in natural gas
demand is due to a slight increase in the projected unit consumption, and to
the increases in the total dwelling stock driven by gas investments in new
dwellings. In the 1990s, we project the share of new dwellings using natural
gas for space heating will decline somewhat, while the share of new
dwellings using electricity or solid fuels for space heating will rise. The
increase in the share of new dwellings using electricity for space heating is
most noticeable in France.

Implicit in these calculations it is assumed that new households will have
access to the local natural gas grid. This variable is not treated explicitly in
the formal model, even though ‘gas network saturation’ is represented as an
independent variable, z;. This is defined as the share of dwellings located in
a ‘gas area’. However, this does not necessarily imply that natural gas is
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Western

1984-88 1988-2000

New dwellings

Oil 3.6 -0.3
Gas 0.3 -0.1
Solid fuel -5.4 0.8
Electricity -2.4 0.3
Total dwellings

Oil -2.5 -2.0
Gas 1.9 0.9
Solid fuel -4.1 -2.6
Electricity 5.3 2.9
Unit consumption

Oil 2.8 -0.0
Gas 2.3 0.5
Solid fuel -0.5 -0.7
Electricity -0.0 0.4
Total consumption

Oil 0.2 +1.9
Gas 4.2 1.4
Solid fuel -4.7 -3.1
Electricity 5.0 3.3
Total 1.4 -0.0
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actually available for the individual household. In order for the natural gas
market to grow at the projected rate, it would probably require special
efforts by both public authorities, and special action taken by or towards
the gas distribution companies. Still, we believe that the features of the
model demonstrated by the present simulations point to some very impor-
tant aspects for the future evolution of the natural gas market. To deny the
possibility of future growth implicitly means assuming the share of new
dwellings choosing natural gas for heating would have to be significantly
reduced in the future.

2.4.2 Impact calculations

In order to demonstrate further some empirical features of the model, and
to stress the impact of some independent variables on future natural gas
demand, we have made some additional calculations. We have focused on
the following three variables:

1. the time path for the price of natural gas, p;
2. the expansion of the gas distribution network, z;
3. the penetration of central heating systems in the dwelling stock, z.

For these three variables we have made changes in the growth paths
compared to the reference scenario, and we have rerun the model for each
alternative. In scenario (1), the price of natural gas is assumed to differ
from the price path of fuel oil. More precisely, the real natural gas price is
assumed to be constant over the entire period (20% lower in the year 2000
than in the reference scenario). This is an important factor concerning the
future competition of natural gas and other fuels. The underpinning for this
assumption is the environmental aspect (where natural gas may be favoured
over fossil fuel because of taxes levied on fuels other than natural gas), and
also the possible removal of monopoly power in the European markets. For
illustrative purposes, comparison (1) is presented for West Germany.

Another issue considered is the future evolution of the natural gas
network. Again, West Germany is used as an example. In this simulation,
zy, l.e. the share of potential natural gas customers, is assumed to increase
by 1% annually until the year 2000.

When studying the effect of increasing the share of centrally heated
dwellings, (case 3), the UK is taken as an example, where there is believed
to be a potential for future increases in the penetration of such systems. On
an ad hoc basis, the share is increased from 54% in 1984 to 68% in 2000.

The results from the impact calculations are summarized in Table 2.3 for
the central variables of the model. When the price of natural gas is kept
constant, and oil and electricity prices gradually rise, the tendency to choose
natural gas for space heating is increased. The effect is strongest in new
dwellings (56%), and somewhat less (3.4%) in the total dwelling stock. The
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Table 2.3 Alternative simulations. Deviations from the reference scenario, the year

2000 (%)
Gas share, new Gas share, total Unit Total
dwellings dwellings consumption consumption

(1) p; (W. Ger- 5.6 3.4 6.8 10.2
many) (20% de-
crease)
(2) z (W. Ger- 5.4 3.7 0 3.7
many) (0.75-
0.88)
(3) 2 (UK) 0 0 6.6 6.6
(0.54-0.68)

latter is influenced by the former — as new dwellings are added to the total
dwelling stock. In additon, the more favourable price position of natural gas
relative to other fuels implies an increase in the conversion rates. The
impact on the intensity of use reflects the short-term price elasticity reported
earlier.

The assumed expansion of the West German distribution network has a
significant effect on natural gas consumption (and the impacts on the
natural gas shares are coincidentally similar to alternative 1). When
evaluating this result, the definition of the concept of network saturation
should be kept in mind. Unit consumption is not affected by the expanding
natural gas grid. On the other hand, unit consumption is affected when
there is an increase in the penetration of central heating. In the case of the
UK, the specified change implies an increase in the unit consumption, and
thus, a change in total consumption of 6.6%.

2.5 SUMMARY AND CONCLUDING REMARKS

The main purpose of this chapter is to provide the reader with information
regarding the main determinants of natural gas demand, and to demonstrate
how this model can be used to give projections of demand for space heating
in Western Europe. For a group of countries, we have simulated a reference
scenario from 1984 to 2000. Except for the drop in oil prices in 1985 and
1986, and an assumed decrease in the price of electricity in France, this
scenario is characterized by limited changes in relative fuel prices, moderate
income growth and no changes in the structural variables.

This simulation emphasizes some of the main features of the model. The
share of natural gas dwellings tends to increase over time as a result of the
share of dwellings using natural gas exceeding the average share of the total
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dwelling stock. In the present calculations, this is the major underlying
factor behind the close to 40% growth in space heating gas demand
occurring between 1984 and 2000.
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The European gas market as a
bargaining game
MICHAEL HOEL, BJART HOLTSMARK

AND JON VISLIE

3.1 THE EUROPEAN GAS MARKET

Natural gas is usually transported through pipelines from the gas fields to
the users. Due to this structure of the transmission system, which involves
large transportation costs, there is no world market for natural gas. Instead
we find a set of segmented or geographically separated markets. In Western
Europe, it is useful to distinguish between continental Europe and the UK:
continental buyers are able to buy gas from several sources, whereas the UK
must rely on Norway as the only source in addition to its domestic
production (disregarding the possibility of LNG imports).

There are four major countries exporting natural gas to continental
Europe: the Netherlands, Algeria, the USSR and Norway, and each country
is linked to the Continent by a transmission system. Among the buyers, four
countries, namely West Germany, France, Italy and the UK, had 73% of the
European consumption of natural gas in 1987. Moreover, in each of the
selling and buying countries sales and purchases are dominated by one large
company, such as British Gas in the UK and Ruhrgas in West Germany.
These companies are in several cases under strong regulation by the
government. As the European gas market is dominated by only a few agents
on each side of the market, we could characterize this special market
structure as ‘bilateral oligopoly’.

It is well known that even for bilateral monopoly situations, traditional
market theory does not predict a unique outcome for price and quantity.
Within a bilateral monopoly framework, price and quantity are usually
determined through negotiations between the parties involved. Future prices
for natural gas are therefore extremely difficult to predict.
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The main focus of the present chapter is an analysis of bargaining when
there is more than one seller and/or one buyer of natural gas. In section 3.2
we discuss some aspects which are important for the outcome of negotia-
tions between a seller and a buyer of natural gas. Section 3.3 gives a
theoretical analysis of a simple case of one buyer and two sellers. The core
of the game is derived and discussed.

In section 3.4 the simple model of section 3.3 is extended to a numerical
model of a four-player bargaining game. The four players are the USSR and
Norway as gas sellers and continental Europe and the UK as gas buyers.
The volumes and prices of gas for the year 2010 belonging to the core are
given in section 3.5, both for a reference case and for several alternatives.

3.2 BARGAINING BETWEEN TWO PARTIES

The simplest bargaining situation between two parties is one in which the
traded quantity is fixed (provided an agreement is reached). In this case the
negotiated price must lie somewhere between the reservation prices of the
two parties. The seller’s reservation price is the lowest price which is
compatible with the seller being at least as well off with an agreement as
without. Similarly, the buyer’s reservation price is the highest price which is
compatible with the buyer being at least as well off with or without an
agreement.

It is, however, not reasonable to assume that the gas quantity is fixed
before negotiations start. The gas quantity is usually determined simul-
taneously with the gas price through the negotiations. In order to under-
stand the relationship between the price and quantity of natural gas, one
must examine the character of the buyer in more detail.

In negotiations of gas trade, the buyer is a distribution company (or a
consortium of several distribution companies) for natural gas. This distribu-
tion company buys gas from the gas seller and resells it to the ultimate users
(households, industry, etc.). Provided that the ultimate users are not
rationed, there is a unique relationship between the price these users are
willing to pay and the gas quantity they use (given other energy prices,
income, etc.). In spite of this unique relationship, there need not be a
corresponding unique relationship between the price and quantity in a
negotiated agreement between a gas seller and the gas distribution company
buying gas. There are two reasons for this. In the first place, the gas
distribution company usually buys gas from several sources, so that a
relationship between average price and total quantity does not imply a
particular relationship between price and quantity in each gas deal. In the
second place, even though the quantity of gas sold by the distribution
company determines the price paid by the ultimate users, and therefore this
company’s total revenue, this does not determine the price paid by the gas
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distribution company for the gas it buys and resells. The lower the gas price
paid by a gas distribution company, the higher will the profits of this
company be (for a given gas quantity). Whatever quantity a seller and a
distribution company agree upon, the distribution company will therefore
try get as low as possible a price in the negotiations.

To see how gas prices and quantities may be determined in negotiations,
consider the simple case in which quantities from all other gas sellers are
given. Moreover, to simplify we ignore distribution costs and price discri-
mination between different gas users. With these simplifications we get a
unique relationship between the quantity of gas delivered by the gas seller
under consideration and the ultimate gas users. This relationship is down-
ward sloping, as in Fig. 3.1, since it represents the demand curve of the
ultimate gas users.
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The upward-sloping curve in Fig. 3.1 represents the marginal cost of
extracting and transporting natural gas.! The intersection between the two
curves represents the competitive equilibrium, giving a gas quantity x¢ and
price p°.

When there is complete information, it is usually assumed in bargaining
theory that the two parties reach an agreement which is Pareto-optimal for
them. In the present context, this implies that the gas quantity is chosen so
that the total gains to the two parties are maximized, provided the price can
be negotiated independently of which quantity is agreed upon. The quantity

'mplicitly, this figure assumes that any economies of scale in the transmission sector are
dominated by diseconomies of scale in the extraction sector.
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which maximizes the total gains to the parties depends on the objective of
the gas distribution company. Assume first that the distribution company is
a public utility which represents the interest of all citizens of the country.
Ignoring income distribution issues (i.e. assuming that lump-sum taxation is
possible), a reasonable objective of the distribution company is to maximize
the sum of the company’s profit and the consumer surplus. The gas seller
wants his profit (i.e. revenue minus costs) to be as large as possible. In this
case the total gain to the two parties is equal to the area under the demand
curve minus total extraction and transportation costs. It is well known that
the competitive quantity x° maximizes this total gain.

Given the quantity x¢, the buyer wants the price to be as low as possible,
while the seller wants the price to be as high as possible. The outcome of
the negotiation will be somewhere between the two reservation prices p™"
and p™>. Here p™" is defined by

pmnxt — ¢(x€) =0
where ¢(x) is the total cost function; p™* is defined by
u(x) — p™x- =0
where

u(x) = | (px)dx)

0

where p(x) is the inverse of the demand curve.

Notice that the ultimate consumers pay p¢ for the quantity x° no matter
what the negotiated price between the seller and the distribution company
is. In particular, if the negotiated price is above p¢, the distribution
company makes a financial loss. The reason why it nevertheless may accept
such an outcome is that the consumer surplus will exceed the company’s
financial loss as long as the negotiated price is below p™*.

Consider next the case in which the distribution company is a profit-
maximizing firm. In this case the total gains to the two parties is simply the
difference between total revenue from selling to the ultimate users minus the
total extraction and transportation costs of the gas volume. The gas
quantity which maximizes these total gains is the monopoly quantity x™ in
Fig. 3.2. The gas consumers pay p™ for this gas quantity. Since the
distribution company in this case will not accept a deal giving a financial
loss, pM is also the reservation price of the distribution company.” The
reservation price for the seller is in this case *p™" (defined by
*pmingM — ¢(xM) = 0). The negotiated price will therefore be somewhere in
the range between *p™" and p™M.

From the discussion above it is clear that both the gas quantity and the
interval of possible negotiation outcomes for the gas price depend on the

2With positive distribution costs, the reservation price is of course below pM.
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nature of the company which buys gas from the producer. In practice,
natural gas distribution companies are generally either public utilities or
regulated private firms. However, this does not imply that the case
illustrated in Fig. 3.2 is irrelevant. Even publicly owned or regulated
companies may be strongly influenced by self-interest in addition to their
role of representing the citizens of the country.
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So far, nothing has been said about where in the possible range [p™",
p™] or [*p™n, pM] the negotiated price will be. This question has been
treated, for example, by Hoel and Vislie (1987) and Vislie (1987), who also
explicitly consider the dynamics of the bargaining problem due to the
exhaustible nature of natural gas. In the present chapter, we shall instead
concentrate on extending the bargaining situation to one in which there are
more than two parties involved.

3.3 THE CORE OF A SIMPLE THREE-PLAYER BARGAINING
GAME

Negotiations about natural gas deliveries are usually carried out on a
bilateral basis. The existence of several other potential gas buyers and sellers
is nevertheless important for the bargaining outcome. In the preceding
section we argued that the bargaining outcome would lie between the
reservation prices of the buyer and the seller. A similar requirement applies
when there is more than two parties: also in this case each seller (buyer)
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only accepts a gas deal if this gives him a price which is not lower (higher)
than his reservation price. Moreover, it is reasonable to require that each
subgroup of players (with two or more members) should be at least as well
off from a set of gas deals as this subgroup could be without having any gas
trade with the rest of the participants in the gas market. A set of deals
which satisfies these requirements belongs to the core of the multi-player
bargaining game.

To illustrate the concept of the core, we shall consider a simple
three-player game. We have two sellers, players 1 and 2, and one buyer,
player 3. Each seller wishes to sell one unit of gas, and their reservation
prices are ¢; and c,, with 0 < ¢; < ¢,. The buyer wishes to buy one unit of
gas and has a reservation price b, where b > ¢, is assumed.

In the absence of seller no. 2 (1), we would have a situation similar to the
situation discussed in section 3.2. One unit of gas would be sold from seller
no. 1 (2) to the buyer, and the negotiated price would be in the range [c,,b]
([CZab])-

With two (potential) sellers, the situation is more complex. Denote the
pay-off (or benefit) to the three players of a set of deals by 7, 7, and ;.
Gas deals in the core must satisfy

o+t =b— ¢ (3.1)
7,20 i=1,23 (3.2)
m +m =0
T+ =b— ¢ (3.3)
T, +mT3=b —c,

Equation 3.1 is a requirement that the solution is Pareto-optimal for the
three players. In other words, the players will not settle with a set of deals
when an alternative set of deals can improve the situation for all players.
This requirement implies that the buyer gets one unit of gas, and that this
unit of gas is delivered by the seller with the lowest reservation price. (If the
sellers have equal reservation prices the gas may be delivered by either of
the two sellers.)

The inequalities 3.2 are requirements of individual rationality, i.e. that
none of the three players can improve their situation by staying out of the
natural gas market.

The inequalities 3.3 are requirements of group rationality, and are in a
sense a generalization of Equation 3.2. Since the two sellers cannot achieve
anything without the buyer, we have the trivial requirement
T, + 7, = 0 (which also follows from Equation 3.2). Seller no. 1 and the
buyer can achieve b — ¢; without the participation of seller no. 2. These
two players therefore only accept deals which satisfy m; + 3 = b — ¢,. The
same argument explains the last inequality in Equation 3.3.
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Straightforward manipulation of Equation 3.1-3.3 gives

7 =0

0<sm <c¢, — ¢ (3.4)

b—c,<m=b-c
; 1

Consider first the case in which the two sellers have equal reservation
prices, i.e. ¢; = ¢, = c¢. From Equation 3.4 this gives 7, = 7, = 0 and 7; =
b — c. In this case the gas is sold at a price equal to the common
reservation price of the sellers. The whole gain from the trade therefore goes
to the buyer. In this case the buyer can thus ‘set the sellers up against each
other’, and thereby capture the whole gain himself.

If ¢, < ¢,, we still get 7, = 0, which is consistent with the fact that seller
no. 1 now supplies the gas to the buyer. In this case seller no. 1 might get
some of the gains from the trade, but this pay-off cannot exceed ¢, — ¢;.
Denoting the gas price by p, we see that m; =p — ¢; < ¢, — ¢; implies
p <c,. The buyer’s pay-off cannot exceed b — ¢y, ie. p=c¢; (from
m3=b — p < b — c,;). We thus see that the negotiated gas price must lie in
the range [cy,c;].

In this example, it is only seller no. 1 and the buyer who are involved in
any gas trade (for ¢; < c,). The existence of player no. 2 as a potential
seller is, however, important for the possible outcomes of the negotiations
between seller no. 1 and the buyer. In the absence of player no. 2 the
negotiated price lies in the range [c,,b]. Hence, the existence of player no. 2
as a potential seller narrows down the possible bargaining outcomes to
(¢}, ¢,], which means a better bargaining position for the buyer.

We shall conclude this section with a brief discussion of which of the
prices in the core are likely candidates for the outcome of the bargaining
process. In the absence of seller no. 2 all prices in the range [c,,b] are in the
core. For this extremely simple case most bargaining theories would suggest
that the bargaining outcome is the price in the middle of these two
reservation prices, i.e. that the negotiated gas price is (c; + b)/2. The
well-known (symmetric) Nash bargaining solution is an example of a
bargaining theory predicting this outcome. The Nash bargaining solution
for this simple case has the reservation prices ¢, and b as the ‘disagreement
point’, leading to the bargaining solution (¢, + b)/2.

Assume now that ¢, < ¢, and that seller no. 2 offers his gas at the price
¢y, i.e. at a price equal to his reservation price. In such a situation we might
expect that the relevant reservation price for the buyer in his negotiations
with seller no. 1 is c,, since the buyer can always obtain his gas at the price
¢,. This line of reasoning suggests that b should be substituted by ¢, in the
expression for the equilibrium price, i.e. instead of (¢, + b)/2 the bargain-
ing outcome for the price should be (¢, + ¢,)/2. Notice that this candidate
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for a bargaining outcome belongs to the core, which contains all prices in
the range (¢4, ¢,].

The use above of the outside option ¢, as the disagreement point in the
Nash bargaining solution is quite common in the bargaining literature.
However, recent theory of bargaining formulated as a non-cooperative
extensive form game has shown that this way of using outside options is
not necessarily correct (cf. e.g. Binmore, Rubinstein and Wolinsky, 1986;
Binmore, 1987). For our example this theory suggests that the introduction
of seller no. 2 changes the bargaining outcome for the price from (¢, + b)/2
to min[c,, (¢; + b)/2] (and not to (c, + ¢,)/2). In other words, the
so-called ‘outside option principle’ will work here; an offer of ¢, from seller
no. 2 only influences the negotiated gas price if this offer is better for the
buyer than the bargaining outcome in the absence of the outside option (in
which case the negotiated gas price will be equal to the outside option).
Notice that

¢y < min[cy, (c; + b)/2] < ¢,

i.e. the proposed bargaining solution belongs to the core.

In the example above it was assumed that seller no. 2 gave a binding
offer equal to ¢,. In practice a buyer is often uncertain about what
alternative offer he can get if he breaks the negotiations with the original
seller. Even if there exists one or several alternative sellers, they will seldom
give binding price offers before serious negotiations with the buyer take
place. Possible outcomes of the bargaining process when these types of
complications are allowed for have been analysed by, for example, Hoel
(1986), Sutton (1986) and Vislie (1988). These analyses reveal that the
outcome of a bargaining game is quite sensitive to details of the rules of the
game. This confirms that in practice it is difficult to predict the likely
outcome of negotiations.

3.4 THE CORE OF THE EUROPEAN GAS MARKET

We have made numerical calculations of the core of a somewhat extended
version of the bargaining game in section 3.3. In this section we give a
rough description of the model (see Hoel, Holtsmark and Vislie (1987) for
further documentation). A more detailed discussion of assumptions, para-
meter values, etc. is given in the Appendix.

3.4.1 A four-player game

The model includes two sellers and two buyers. The sellers are the USSR
and Norway, while the buyers are continental Europe and the UK. In 1987
these two buyers imported a total of 130 bcm natural gas (including
imports from the Netherlands). The imports were divided between the USSR
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(30%), Norway (23%), Algeria (18%), the Netherlands (27%) and others
(2%). In the model, imports from Algeria and the Netherlands are given
exogenously. Moreover, continental Europe is treated as one buyer. In
1987, the total imports of 118 bcm natural gas to continental Europe were
divided between West Germany (38%), France (23%), Italy (20%) and
others (19%).

At present, there is no pipeline across the Channel. This means that gas
sales from the USSR to the UK are excluded. The relevant gas flows are
therefore from the USSR to continental Europe and from Norway to
continental Europe and the UK.

In our model, we may assume that this trade structure remains valid in
the future. However, we can alternatively assume that a pipeline across the
Channel will be built in the future. In this case gas exports from the USSR
to the UK are possible. Since such gas must pass through continental
Europe, exports from the USSR to the UK need the consent of continental
Europe. It therefore seems most reasonable to assume that the total gains
possible for the USSR and the UK without cooperation of the other two
players are zero even if a pipeline across the Channel is built. In the model
it is also possible to assume alternatively that transport of gas from the
USSR to the UK is always possible, provided the transport costs are paid.
As long as transport costs are not too high, the gains to the USSR and the
UK without cooperation with other players is positive under this assump-
tion.

3.4.2 Cost structure

The cost structure in the model is extremely simple. Extraction costs are of
the ‘inverse L’ type, i.e. unit extraction costs are constant up to an
exogenous capacity limit. Extraction costs for gas from the USSR are
assumed to be somewhat lower than for gas from Norway (cf. Table 3.1).?

Unit transport costs depend only on where the gas is transported to and
from. Transportation from the USSR to the gas-using countries costs
considerably more than transportation from Norway. As is clear from
Table 3.1, the sum of extraction and transportation costs are therefore
slightly higher for the USSR than for Norway.

In addition to transport costs, there are country-specific distribution costs.
Like other costs, these distribution costs are assumed to be proportional to
the gas quantity.

3.4.3 Import diversification
From Table 3.1 we can see that gas from the USSR has higher total unit

3Costs are measured in 1987 Nkr per m3. At the exchange rate of September 1989 (Nkr 7.25
per $US), Nkr 1 per m3 is equal to $US4.30 per million BTU.
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Table 3.1 Unit costs of production, transport and distribution of natural gas (1987
Nkr per m3)

From: USSR Norway

To: Continental Europe UK Continental Europe UK

Unit
production 0.12 0.12 0.20 0.20
costs
Unit
transport 0.35 0.45 0.22 0.15
costs
Unit
distribution 0.55 0.66 0.55 0.66
costs

Total
unit 1.02 1.23 0.97 1.01
costs

costs than gas from Norway. This is true both for gas deliveries to
continental Europe and the UK (provided a pipeline across the Channel is
built). Without any capacity restriction on Norwegian gas, we thus get a
situation similar to the one described in section 3.2: the gas seller with the
highest unit costs (USSR) will not sell any gas in the solutions belonging to
the core. However, this situation does not occur in our model, since we
assume that there is a binding capacity limit to Norwegian gas production
(60 bcm in the reference case).

Even in the absence of any production capacity constraints, it is un-
reasonable to assume that an importing country buys all its gas from the
seller with the lowest cost. It is more reasonable to assume that the
importing countries wish to diversify their gas imports somewhat.* The
diversification argument is included in our model in a somewhat crude way
by setting an exogenous limit on imports from the USSR as a share of total
gas consumption in the buying countries. In our reference case we have set
this limit equal to 30% both for continental Europe and the UK. This
corresponds to the limit recommended by the IEA to their member
countries. This import limit implies that it would be possible for Norway to
sell gas even if Norway had higher costs than the USSR, and even if there
was no capacity limit on production in the USSR (see Vislie, 1989 for
further discussion of this market share requirement).

“4For a further discussion of such diversification issues, see Hoel and Strom (1987) and Manne,
Roland and Stephen (1986).
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3.5 RESULTS

We have used the model to see what the core of the bargaining game
implies for gas quantities and prices in 2010. In our reference case we have
assumed that the gas-importing companies are pure profit-maximizing firms.
We have also assumed that a pipeline across the Channel will be built, but
that transport of gas from the USSR to the UK needs the consent of
continental Europe.

Table 3.2 gives the gas quantities in the core in 2010 for the reference
case. These quantities are, of course, strongly influenced by exogenous
variables and parameters, such as GNP growth, demand elasticities, the
Norwegian production capacity, and the maximal share of USSR imports in
total gas consumption.

Table 3.3 gives minimum and maximum prices for the sellers and buyers
(excluding the constant unit costs of transport and distribution). The most
striking feature of Table 3.3 is the wide range of possible prices for the
players which are consistent with solutions in the core.

Table 3.2 Gas quantities in the core in 2010 (bcm)

UK Continental Europe Continental Europe+UK

Imported from Norway 17 43 60
Imported from the USSR 20 53 73
Imported from Norway

and the USSR 37 96 133
Imported from Algeria

and the Netherlands 0 AN 55
Total gas consumption 67 176 243

Table 3.3 Price ranges in the core in 2010 (1987 Nkr per m3)

Minimum Maximum
Gas from Norway 0.32 1.05
Gas from the USSR 0.12 0.58
Gas to the UK 0.20 0.86
Gas to CE 0.21 0.83

Table 3.4 indicates which divisions of the total surplus (106 bn 1987
Nkr) are possible for solutions in the core. Norway and continental Europe
are guaranteed part of the total surplus, while the USSR or the UK may end
up getting none of the total surplus from the gas trade. In fact, both the
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USSR and the UK may end up receiving zero pay-off. The reason for this is
that in the reference scenario, it is assumed that transportation of gas from
the USSR to the UK is only possible with the consent of continental Europe.
The total gain possible for the USSR and the UK without cooperation from
the other players is therefore zero.

Table 3.4 Distribution of total surplus in the core of 2010 (bn 1987 Nkr)

Minimum Maximum
Pay-off for Norway 7 51
Pay-off for the USSR 0 34
Pay-off for continental Europe 16 74
Pay-off for the UK 0 25
Total pay-off 106

The maximal surplus Norway can get is 1987 Nkr51 bn. With 2% yearly
real GNP growth in Norway from 1987 to 2010, this corresponds to the
surplus from gas exports being maximally 6% of Norway’s GNP in 2010.

Finally, Table 3.5 shows how some of the relevant variables depend on
which assumptions we use. Norwegian exports are in all of the cases
considered to be determined by the Norwegian capacity limit. However,
exports from the USSR and price range for Norway are quite strongly
affected by which assumptions are made.

In the reference case it is assumed that a pipeline across the Channel will
be built. Without a pipeline (scenario B), the USSR cannot export to the
UK. This import loss to the UK is partly compensated by increased imports
from Norway. This in turn reduces Norwegian exports to continental
Europe (due to the Norwegian capacity constraint). Since the constraint on
imports from the USSR is as a percentage of total imports, the reduction in
imports from Norway implies reduced imports from the USSR to continen-
tal Europe. Total Soviet exports are thus considerably lower without a
pipeline across the Channel than with.

Norway’s bargaining position is stronger without a pipeline across the
Channel, moving the price range for Norway upwards. However, the
difference between the two cases is modest, at least for price and pay-off
intervals for Norway.

With a lower international GNP growth, the demand for gas in 2010 will
be lower. In scenario C we see that this implies lower gas exports from the
USSR, and a slight reallocation of Norwegian exports from continental
Europe to the UK. The price range for Norway is also somewhat lower the
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lower the demand growth is. However, for this alternative the consequences
for Norway are also relatively modest.

In the reference case, it is assumed that Norwegian gas has a lower unit
cost of production plus transportation than gas from the USSR. Cost
estimates for the USSR are, however, very uncertain. In scenario D we
therefore consider a 25% reduction of transportation costs from the USSR.
This makes the total unit costs of gas from the USSR to continental Europe
lower than for Norwegian gas. Without any restriction on imports of gas
from the USSR, this could have a dramatic impact on Norwegian gas
exports. However, the restriction that gas from the USSR should not exceed
30% implies that the cost of gas from the USSR is of far less significance
for Norway. As is clear from Table 3.5, exports from Norway as well as the
USSR are unaffected by this reduction in Soviet costs. From Table 3.5 we
also see the somewhat surprising result that reduced costs for gas from the
USSR does not unambiguously move the price range for Norwegian gas
downwards: the maximal price Norway can get is higher the lower the costs
of USSR gas are. In other words, the aggregate gain of reduced costs might
not be divided only between the USSR and the gas buyers. Some of the
aggregate gain might go to Norway, through buyers paying more for
Norwegian gas although their average price for gas imports is reduced.

The importance of the restriction on imports from the USSR is illustrated
by scenario E, where it is assumed that maximal share of imports from the
USSR is 40% instead of 30%. It is clear from Table 3.5 that this only gives
a modest increase in total Soviet exports. However, much more of the
exports now go to continental Europe, while a larger share of Norway’s gas
now is sold to the UK. The reason for this reallocation of exports is that
continental Europe in a sense is more constrained by the import limit on
Soviet gas than the UK. Although a 30% limit is binding for both
continental Europe and the UK, a 40% limit is only binding for continental
Europe (in this case only 8% of the UK’s imports come from the USSR). If
there was no limit on gas imports from the USSR, continental Europe
would import 48% of its gas from the USSR, while the UK would only
import from Norway.

It is clear from Table 3.5 that the increase in the limit of imports from
the USSR gives quite a significant downward movement of the range for
Norwegian prices.

3.6 CONCLUSIONS

Since natural gas is traded on a bilateral basis, via a pipeline system
connecting a seller with a transmission or distribution company, we have
several geographically separated markets for gas in Europe. In each market
segment, trade is governed by a long-term contract, determined in negotia-
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tions between a seller and a buyer. Each contract usually stipulates the
volume of gas to be delivered each year and a delivery price, which is
normally linked to other energy prices. In the present chapter we confined
ourselves to an atemporal analysis of some important aspects of gas
contracts.

We first considered a pure bilateral monopoly, where we emphasized the
nature of the buying company. The volume of trade and the range of
possible negotiation outcomes for the gas price were seen to depend
strongly on whether the buying company was a public utility or a
profit-maximizing firm. Whereas the volume of trade was uniquely deter-
mined within each context, we were only able to derive a range for the gas
price, determined as the set of prices between the agents’ reservation prices.

We next considered a simple three-player bargaining game, with one
buyer and two sellers. In the absence of the high-cost seller, the core of the
game was identical to the price range in the pure bilateral monopoly
situation. The impact of the second (high-cost) seller on the core and the
(symmetric) Nash bargaining solution was that the core of the game became
smaller, in the sense that the maximal price in the core now became equal
to the reservation price of the second (high-cost) seller. The presence of
another seller thus favours the buyer even though the buyer still purchases
all gas from the low-cost seller. The appropriate Nash bargaining solution
gives an equilibrium price which is equal to the Nash solution in the case
with only one seller, provided this price does not exceed the upper limit of
the core. If it does, the equilibrium price is equal to this upper limit, i.e.
equal to the reservation price of the high-cost seller.

Finally, we presented a numerical model in which the European gas
market was modelled as a game between two sellers (the USSR and
Norway) and two buyers (continental Europe and the UK). The focus of
attention was on production and price ranges for Norwegian gas compatible
with the core of the game for the year 2010. Given the proposed
assumptions about cost structure and demand, we derived a reference
scenario for production in each selling country, its distribution among the
buyers and a price range for Norwegian gas.

One of the most striking features of the model is the wide range of
possible prices for the players which is consistent with solutions in the core.
We also studied how the core depends on which assumptions we use.
Norwegian exports are assumed to be determined by the Norwegian
capacity limit in all of the cases we considered. However, the distribution of
these exports between the UK and continental Europe depends significantly
on which assumptions are used. Price and pay-off ranges are also affected
by which assumptions are made. We found that the propects for Norway
are worse (i) with a pipeline across the Channel than without, (ii) the lower
is the demand growth, and (iii) the higher share of Soviet gas in total
consumption the importing countries accept. Of these factors, the last one
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seems to be the most important for the price of Norwegian gas. This factor
is also important for the distribution of Norwegian exports: relaxing the
constraint on the share of Soviet imports gives a significant increase in the
volume of gas Norway sells to the UK. We also found the somewhat
surprising result that reduced costs for gas from the USSR does not
unambiguously move the price range for Norwegian gas downwards: the
maximal price Norway can get is higher the lower the costs of USSR gas
are. In other words, the aggregate gain of reduced costs might not be
divided only between the USSR and the gas buyers. Some of the aggregate
gain might go to Norway, through buyers paying more for Norwegian gas
although their average price for gas imports i