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1 Summary and conclusions
About the project

This report contains a survey of various research relevant for analysis of current
and future developments of the European natural gas market. It represents a
starting point in a research project undertaken by ECON on the changes in the
structure of the European gas market, financed by the Research Council of
Norway. The main focus of the project is the changes currently under way in the
downstream part of the gas chain, and the implications these changes may have
for Norway as a large gas exporter. Another part of the project is to develop a
numerical simulation model of the market, and this literature survey represents an
important basis for the construction of such a model. In addition, further analyses
of market developments scheduled for the coming years will be made using the
model as a tool.

Research surveyed

The increasing competition in the downstream part of the gas chain has been a
matter of rising interest with analysts, market participants and policy makers for a
number of years. Research within the following topics are reviewed:

• numerical (mathematically formulated) models for gas markets,

• analyses of demand for energy,

• analyses of behaviour and cost structures in the transmission and
distribution sector.

Market models
Most of the models surveyed are based on strict microeconomic foundations and
explicitly assume perfect competition (North American models) or a game-
theoretical equilibrium (European models). They utilise sophisticated solution
concepts but in order to make the models tractable, very strong simplifications
have had to be made in the specification of demand and supply functions. The
models have been used to analyse competition in the wholesale market for gas,
while behaviour in the transmission and distribution sectors have been modelled
mainly as exogenous transport charges and constraints in transport capacity.
Academic researchers have tended to construct models with a close affinity to
micro-economic theory, while consultancy companies' models emphasise
empirical realism at the sacrifice of theoretical sophistication. The higher degree



- ECON Centre for Economic Analysis -
Modelling gas markets - a survey

of closeness to reality in these models applies first and foremost to specification of
demand, while neither type of model specify any behavioural equations
(investments or price formation) in transmission and distribution.

Demand analyses

Most of the research on demand examined are econometric analyses. All of them
have more details in model specification than the aggregated market models.
However, it is found that the econometric literature based on neo-classical
economics has not yielded unambiguous results and, though such specifications
offer theoretical coherence, they disregard important "real world" aspects of gas
demand. We conclude the review that more structural models offer important
advantages compared to aggregated neo-classical models accounting for important
factors i.a. that energy use is intimately associated to current and previous
purchases of energy-using equipment, which introduced important dynamics. Also
inter-fuel competition often seems better specified in «ad hoc» models, implying
that price elasticities rise sharply when fuel prices deviate much from the price of
close substitutes. However, structural models are often very data-demanding
which limits the use of these in many applications. A number of large scale multi-
country models of energy demand especially designed to analyse international
greenhouse gas problems are also discussed. It is concluded that some of the
models contain specifications that can seem as a good trade-off between
simplicity and realism. However, most of these models are too aggregated and too
closely connected to standard neo-classical economic theory to be of direct
relevance for our purpose. The demand section concludes that the extent of the gas
grid is an important determinant for gas demand, but there has been virtually no
research on what determines this variable.

Downstream behaviour
Since data about the transmission and distribution sector in Europe, only a few
data-based analyses and virtually none econometric analyses of this part of the gas
industry have been made there. We have reviewed a number of analyses from the
USA, that potentially may give insights and spur formation of hypotheses about
behaviour in Europe. We believe that the North American research is relevant and
contain important results.

Among the conclusions from this American literature are:

• there has been a significant autonomous technical progress in the trans-
mission industry,

• distribution costs differ highly depending on geographical and other
conditions (probably much more than is indicated by conventional
allocations of costs on different customer groups and even more than
indicated by current price policies),

• that ownership (private/public) is potentially important both for distribution
costs and pricing policies.
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Lessons
The lessons for a model builder of the European gas market may be that little
direct empirical evidence exist for how to specify behaviour in the transmission
and distribution sectors. Existing market models focusing on microeconomic
equilibria may appear to choose a point of too much theory and too little "real-
world". Important behavioural mechanisms and information about cost structures
arising from analyses of the transmission and distribution sector in the US,
however, represent interesting hypotheses that may deserve closer scrutiny in
analysis and model building in Europe as well.

(eft BLANK



- ECON Centre for Economic Analysis -
Modelling gas markets - a survey

Introduction
The present report is a part of the research project "Internationalisation and
structural change in the European gas market" under the auspices of the Research
Council of Norway. The goal of this project is to enhance the understanding of the
factors behind the current and upcoming changes in the European gas market, with
particular attention at the downstream of the gas chain. The present literature
survey will be a building block in the subsequent construction of an empirical
market model later to be used in an analysis of the market balance and price
developments.

2.1 Trends in the European gas industry
Over the last two decades, the European natural gas market has been transformed
from an infant industry where focus was on access to resources, huge infra-
structure investments in production and transportation, to a more mature energy
industry within the framework of a sophisticated and integrated transmission
system with an increasing number of actors and novel relations between them.
Overall, the European gas system is gradually moving away from a situation
where the integrated risk profile of the gas industry is handled by vertical physical
and corresponding commercial long term relationships between a limited number
of players, to one where the risks associated with the physical interlinkage and
interdependence between producers and consumers are handled on a system basis.

Increased competition between producers and between transmission companies
made possible by the increased complexity and network characteristics of the
European gas transmission grid, have established something close to a common
European gas price in the wholesale market. However, in the end use market, the
gas industry is still a utility style industry with geographical service areas and
customer group-specific price setting.

In the gas industry as well as in other energy industries, the perception of the
1970s and early 1980s of gas as a scarce and increasingly costly resource base has
faded. Most industry and policy analysts today agree that physical availability of
fossil energy both on the global and regional level is not a major concern. Several
factors support the perception of supply surplus in the European marketplace for
gas. The existence of supply surpluses of Russian gas due to the ongoing domestic
restructuring of the economy and huge resources yet to be developed, continuous
upgrading of the resource base in the North Sea and undeveloped potentials in
North and West Africa support this view.
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Both policy makers as well as commercial forces have been shifting attention
towards the downstream part of the gas chain. Increasing tensions within the
present industry structure and way of conducting business are observed.

Similar to the electricity sector, the political interest is turning from expansion of
transport networks and secure access to energy, towards efficiency and
competition. Political and economic integration in EU removes national
boundaries as the natural confinement of powerful commercial actors. Important
price differentials between end users in different markets and countries mobilise
consumers for change. Third party access (TPA) and/or other trading practises
between the companies involved in transmission are likely to gradually change the
transportation part of the industry. Companies are increasingly likely to engage
themselves in activities (joint ventures, shareholdings, agreements) in other parts
of the gas chain than was previously their exclusive domain. Also, new actors
involve themselves in transmission and as trading companies.

2.2 The need for fresh analytical
approaches

A number of policy oriented and descriptive studies of the above trends in the gas
industry have recently been conducted (inter alia Estrada et al.(1995) and
Stoppard (1996)). Also a number of consulting companies undertake a lot of
analysis of ongoing structural changes in the industry.

What we would like to do in this paper is to take stock of the published and
mainly academic work presently undertaken to model gas markets and to assess
the extent to which existing analytical tools can adequately describe and analyse
the issues that are presently on the top of the gas policy agenda.

In the following chapters we map previous analytical and empirical efforts by
reviewing a number of gas market models and other relevant research directed at
the European gas market. Analyses covering the North American gas market are
also included to the extent that the models or analyses are important from a
methodological point of view or have a focus that does not differ significantly
from the European setting. We also review pure demand analyses and literature,
mainly from the USA, on the behaviour in the transmission and distribution
industry. Purely theoretical articles are in general excluded. We limit ourselves to
contributions published since the early 1980's.

The report goes as follows. Chapter 3 contains a review of European and North
American gas market models while chapter 4 considers empirical analyses of
energy demand and in particular gas demand. Chapter 5 reviews rather hetero-
geneous group of analyses, ranging from data-based analyses of the downstream
part of the European gas industry, to econometric analyses of cost structures and
price formations in the US transmission and distribution sector.
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3 Gas market models
3.1 Different methodological approaches
Recognising that economic models at best can highlight parts of reality, different
topics to be analysed by the models have produced different model designs. The
methodology selected should be directed by the issue to be analysed, available
data and other constraints. In order to facilitate the review of gas market models,
we have developed a simple typology where models are described according to a
number of characteristics. Emphasis will be put on describing the theoretical set-
up of the approaches and to a lesser extent scrutinise numerical results. At the end
of the chapter is included a table containing the conclusion of the review.

To categorise different model approaches, the following dimensions are
important:

• Focal point of issue to be analysed

Models are built for different purposes, like demand or supply analysis, to
understand the equilibrium (equilibria), investment decisions, normative issues
like what is optimal in a specific market, the interplay between the gas and/or
energy sector and macroeconomics developments.

Models vary from being more or less single purpose models built to address a
particular question, to models designed to analyse several of the above-
mentioned issues. However, in general, both conceptual constraints and
limitations on data availability as well as soft- and hardware limit the scope of
a specific numerical model.

• Behavioural assumptions

The gas market in Europe is complex. In the supply end, the market has been
and still is characterised by a few rather major suppliers. Further down the
chain the system becomes more monopolised, and prices and trading terms are
often determined in bilateral negotiations between transmitters and distributors.
A number of existing models have been focused on analysing different
behavioural assumptions regarding producers and transmission companies,
often with the fundamental presumption that suppliers are co-operating more or
less smoothly (i.e. producers are assumed to maximise an object function given
various conditions on demand side). Perfect competition, suppliers' monopoly
and various bargaining solutions have been studied in great detail. Far less
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efforts has been devoted to understanding the behaviour of transmission
companies and even more, the relationship between transmission and
distribution companies and the incentives that guide their adaptation to the
present business environment.

• Simulation or optimisation

It is useful to distinguish between normative models that optimise the "world"
based on strict logical assumptions about individual companies' business goals,
information and strategies, and models that simulate market equilibrium and
dynamics based on information about past observations. In the latter case, the
model does not explicitly specify any optimising behaviour by the agents at all,
but rely solely on specifying the model as a system of simultaneous or (partly)
recursive equations.

• Dynamics - short and long run equilibrium

Sometimes, the dynamics in the market in terms of how the market responds to
a shock until a new equilibrium is established, is of great importance. Long
lead times in investment projects for production and transportation introduce
substantial lags from a decision is made to gas is available at the market-place.
Similar time-lags may be observed at the demand side due to the existence of
fuel-specific equipment and the decisions of acquiring such equipment. Some
models specify in detail the investment process in heating technology and
replacement of old equipment in gas-consuming sectors: industry, electricity
generation and the residential sector. Other models limit themselves to specify
just a rudimentary structure of energy demand, letting the model be sophisti-
cated in other aspects.

In the short and medium term, existing capacities are important restrictions on
the amount of gas supplied to various parts of the European market. This
applies to the gas producing countries where lead times both in field
development and on- and off-shore transmission to Europe are substantial. It
also applies to construction of long distance international and interregional
pipelines at the continent. As a consequence of the different time horizon,
different models are designed to answer very different questions in the short
and long term, and some also incorporate the dynamics moving from present
capacity constraints to a new one where long term equilibrium is again re-
established.

• Economy wide or sector-specific coverage

Some models trace the interlinkages between the economy as a whole and
energy/gas demand, others limit their attention and coverage to the energy
sector or only the gas market. When a model includes the whole energy sector,
very often a model structure based on neo-classical economic theory is
imposed. This often implies the use of demand functions where theoretical
adding up constraints and cross price effects (e.g. that coal prices affect gas
demand) are present. In the most elaborate models all fuels are specified, and
this is required if the model be used in assessing e.g. greenhouse gas abatement
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policies. Other models take a more partial view, neglecting demand for other
fuels and to a varying degree specifying cross-price effects.

• Geographical coverage

Models differ in geographical coverage. If a model describe the interplay
between supply and demand as well as gas transportation, it requires that one
delineate its geographical coverage. The geographical confinement may be
Western Europe, a single country (e.g. the UK), all of Europe or something in
between.

• Pure market models versus transportation models

Some models focus on the forces determining supply and demand in the market
place, and the market clearing price. Others also include a description of the
pipeline system in terms of including transportation constraints and distances.

• Behaviour of the Transmission and Distribution companies

Models may describe in more or less detail the mechanisms that determine how
prices and costs are passed on to the next link in the chain from wholesale
market to final consumer. Gas prices to end-users are set by a complicated
interplay between distribution and transmission companies. However, many
models are little sophisticated by assuming exogenous cost and profit margins.
The extension of the gas grid is determined by the transmission and distribution
companies, a factor that has important effects on gas consumption. Only buyers
within a gas supply area, i.e. an area where there is already a gas grid, are
potential customers.

In the next two sub-sections we review models that have been constructed to
describe equilibrium in a gas market. It follows from the nature of the gas market
that a suitable model must specify supply, transport and demand for gas, and this
is a common denominator among the models. Many models specify quite
simplified structures both for supply and demand, a feature that has to do with the
need to retain simplicity. Still, the models were not always computationally
simple to solve. The models reviewed below all consider the gas market in
isolation, neglecting explicit specification for demand for other energy.

3.2 North American models
During the 1980s several models were developed in the USA and Canada to
simulate the market equilibrium of the US and Canadian gas market. A summary
of overall properties of these models is given in the survey by Huntington (1992).
The models have many properties in common. Due to this, and the fact that many
of these models are not well documented, we concentrate on the most well-known
model, the GTM model of Beltramo et al. (1986) and give a less detailed
description of the other models.
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3.2.1 Gas Trade Model (GTM)
The Gas Trade Model (GTM) is a market model for the North American gas
market as it appeared through significant deregulations in the 1980s.

GTM computes market-clearing prices and trade flows between 11 supply regions
and 14 demand regions in USA, Canada and Mexico. The key elements of the
model structure are a) individual supply and demand as functions of price, b)
transport charges, c) pipeline capacities and d) foreign trade quantity limits. The
model simulates a competitive equilibrium. The model takes the macro-economic
development as exogenous and uses GDP as explanatory variables in the gas
demand functions. Below we display a stylized description of the model.

Supply and demand constraints are specified for all regions i and j and for all
demand sectors k. The supply and demand constraints are :

(3.2.1.1) Y, Xy < Y, (supply constraint)

(3.2.1.2) Y, Xu - 1L Zik (demand constraint)
i k

where
Xy deliveries from supply region i to market/
Yj total quantity supplied by region i
Zjk total quantity demanded by markety, sector k

Equation 3.2.1.1 says that the sum of deliveries from region / to a l l / markets, is
limited by production. The demand constraint 3.2.1.2 says that total demand in
market j must be less than or equal to total deliveries to market j from all i
suppliers.

The model allows for specifying constraints of some variables. For example, pipe-
line capacity limits may impose upper bounds on some of the transportation
variables Xy. Lower bounds may be due to the existence of take or pay contracts.
Furthermore, some demands may be determined by controlled prices.

The determination of demand takes place in two steps. When generating a model
simulation with GTM, a simple static demand equation is used. However, the
reference scenarios are constructed by utilising dynamic and more disaggregated
demand functions, cf. below. After a demand trajectory has been generated, the
parameters in the static demand function are calibrated to make the equation
replicate the trajectory from the dynamic model, and subsequently a full model
simulation is run.

In the static demand functions demand is a function of price only implying a
constant elasticity:

(3.2.1.3) g(z) = a-z"

where
g(z) marginal willingness to pay for gas

10
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z gas demand
a, b parameters

The parameter b (< 0) is the inverse of the demand elasticity.

The more elaborate dynamic demand sub-model for each of the 4 sectors
commercial, residential, industrial and electric utilities in the USA is on the form:

(3.2.1.5) zt=A,
4-,

where
z, quantity of gas demanded, period t
A, level of energy-using activity, period t
a demand constant
rii long run elasticity of gas demand with respect to price of fuel i (i = gas, fuel

oil, coal, electricity)
pit price of fuel /, period t
X fraction of total adjustment occurring in period t

A, is a sector-specific variable for the level of economic activity. It is the number
of dwellings for the household sector, the amount of floor space in the commercial
sector, industrial production in the industrial sector and electricity generation in
the electricity sector. Since X is the fraction of the long run adjustment to price
changes that occurs in the current period, the short run price elasticity with respect
to the price of fuel /, becomes Xr\-r The demand sub-system implies that if energy
prices remain constant, total gas demand will grow in line with energy-using
activities.

The authors state that price elasticities for residential and commercial sectors are
chosen to be in line with the average of econometric results. For industry and
power generation, the chosen parameters are somewhat higher than the prevailing
econometric results implied. There are no account for different electricity-
generation technologies in the electricity sector.

Demand for other energy carriers are not specified, but competing fuels prices
appear in the disaggregated and dynamic gas demand functions. There are no
feed-back from energy prices to forcing variables such as GDP, number of
dwellings and the like. The focus is on behaviour with the producers and end users
of natural gas.

The (regional) marginal cost of supply functions are specified as

(3.2.1.4) @Y-y

where
MC(y) marginal cost of supply
Y capacity

l i
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y supplied quantity
a, p parameters1

This function is relatively flat at low levels of production and approaching infinity
as production approaches the given capacity, Y.

Consumer prices are producer prices plus fixed transport charges. Formally, the
model is solved as a static perfect competitive equilibrium. The maximand is the
sum of consumer surpluses (the area below the demand curves) minus the sum of
the producers' costs (the area below the marginal cost curves) and the
transportation costs (quantities transported multiplied by given transportation
charges). Although the model is formally static, the simulations are designed to
emulate different points in time - in the present analysis the model was solved for
1990 and 2000. This is done by changing the location and slope of the cost and
demand functions. As a consequence of this formulation the model must be
interpreted as if price expectations are entirely myopic.

The downstream industry is represented in the model through existing and future
transmission capacities, and through exogenous transport charges. This part of the
gas industry thus appears just as a passive intermediators between suppliers and
consumers.

The model is relevant for a regional description of prices (consumer- and
producer) due to transport costs between producers and consumers. However, the
perfect competition assumption is less relevant in the European context.

3.2.2 GRI North American Regional Gas Supply-
Demand Model

The GRI model (Nesbitt et al., 1989) is - like GTM - a multi-regional spatial
equilibrium model which comprises a linked network of suppliers and end-users
in the North American gas market where existing and possible future transport
capacities as well as their corresponding tariffs are explicitly specified.

Gas suppliers are endowed with a gas supply curve where gas supply depends on
the gas price. Different from in GTM an intertemporal model of depletable
resource production based on a general resource marginal cost curve is employed.
Thus the producers perceive a shadow price of the resource as a cost component.
The model specifies 17 supply regions in USA and Canada and 150 distinct gas
supply sources.

On the demand side, 10 demand regions are specified. In each demand region the
market is divided in two: The "core market" where consumers are to a large extent
seen as captive, and "non-core market" where consumers have an immediate
alternative such as fuel oil. Thus the price elasticity in the core market is low
while it is high in the non-core market. The model also has larger long run than

The notation is slightly different from Beitramo et al.(1986) in order to avoid confusion with other
parameters.

12
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short run elasticities in each market. All of residential and commercial and half of
industrial demand is assumed to belong to the "core market" while the balance of
industrial and all electrical demand comprises "non-core" demand.

The model solution is a perfectly competitive market equilibrium, i.e. gas prices
equilibrate aggregate gas supply and demand while all agents are price takers.
Both producers and consumers are assumed to have perfect foresight over the
entire simulation horizon.

The structure of gas demand is modelled like in figure 3.1. Gas demand in the two
markets, given alternative fuel (most importantly oil) prices, is a function of the
gas price. At high gas prices, the "non-core" market does not use gas. However,
the captive "core market" still uses a lot of gas. At a certain range of lower gas
prices, it becomes attractive for the "non - core" market to switch to gas. Gas
demand is very price-sensitive in the price range where more and more consumers
with dual fuel switch to gas. When the whole "non-core" market has switched to
gas, further price reductions have little impact on gas demand.

Figure 3.1

Price
of gas

GRI model: Stylized representation of a typical demand function for
gas in one sub-market

Oil
price

Core market

Quantity

The authors acknowledge that there are different price levels where firms in the
non-core market switches to gas, and the aggregate result of these reactions
produces a downward-sloping gas demand curve depending on the oil price.
Nothing is said about the empirical determination of the level where fuel
switching becomes very price-responsive, but this critical level of the gas price
must be determined by fuel oil prices. Neither are non-fuel costs associated with
using oil or gas as energy source mentioned. Of crucial importance are in reality
capital cost and convenience, which may differ for different segments of the
market.

The intertemporal optimisation is potentially important, but in a European market
where gas is perceived as plentiful, there is little need to model the rent of a finite
resource. The non - linear demand structure displayed in figure 3.1 is also very
relevant for European gas markets.

13
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3.2.3 The AGAS energy model
The AGAS model is a model for the US/Canadian gas market (Qong and Wong,
1989) tailored in a similar style as GTM. It is a large linear programming system
where the formal solution is to maximise the sum of consumer surpluses above
total production costs, which means that it simulates a perfect competitive
equilibrium. The model has 4 supply regions and 9 demand regions and specifies
the transport capacities between them, including transport costs. For each region
there is a stepwise supply function and for each demand region there are step-wise
demand functions. The model is solved over eight 3-year periods, and the agents
are assumed to have perfect foresight. Qong and Wong (1989) does not provide
details about the demand curves except a statement that the price elasticity is
relatively high in absolute value in the industrial market where fuel switching is
possible, and relatively low in the residential market. The aggregated demand
functions seem to have a similar "lying S-shape" as in the GRI model.

3.3 European models
The European gas market is younger than the North American market. And the
market regime is very much different, most notably because the number of agents
on the supply and demand side is much lower. There are thus weak arguments for
using the competitive equilibrium as a working hypothesis for empirical
modelling. However, the first attempts at empirical modelling the European gas
market was based on a more or less direct application of the GTM model
(Boucher and Smeers, 1985 and 1987). The analysis considered gas demand in
Belgium, France, Italy, West Germany and Italy. Soon, European researchers had
implemented more realistic equilibrium concepts in empirical models, applying
empirical solutions from game theory. Below we survey basically three models,
the European Gas Model (EGM), the DYNOPOLY model and the Coopers and
Lybrand Model.

3.3.1 European Gas model (EGM)
In Mathiesen et al. (1986) a market model for the European gas market was
presented. In many respects it has the same structure as the GTM model. The
difference lies in the behavioural assumptions that define market equilibrium.

The model focuses on market power on the supply side of the European gas
market while (like in GTM) the potential market power of transmission companies
or gas buyers is not modelled explicitly. The model set-up is formally entirely
static, and also like GTM it is solved for a particular year. The underlying
perception of the market behaviour is that intertemporal considerations with the
suppliers are not important.

The producers' actions are restricted by their marginal cost curves. Marginal cost
curves for the Netherlands, Norway, USSR, the United Kingdom and Algeria are
specified. For all consuming countries except the Netherlands and the UK,
domestic production is exogenous. The consuming countries are the Netherlands,

14
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West Germany, France, Belgium (and Luxembourg lumped together), Italy and
the UK.

The model was constructed in two versions. In the short run version, the marginal
cost functions were only including variable costs, since the capital costs were
already sunk. The long run marginal cost curves also comprise capital costs. A
similar argument applies to the demand functions. The price elasticities in the
short run demand functions are much smaller in absolute value than the elasticities
in the long run demand functions. Thus, the model set-up is the same for the short
run and the long run. The discrepancy lies in the slope of the cost and demand
curves with respect to price.

Producers buy transportation services at given prices from transmission and
distribution companies. The rates differ depending on transport routes. Regional
demand curves for gas are specified for 7 demand regions; the Netherlands, the
United Kingdom, the Federal Republic of Germany, Belgium/Luxembourg,
France, Italy and Austria.

A simplified description of the model structure is given below.

The marginal cost function of a producing country is defined by

(3.3.1.1) C(q) = a-{Q-q)h

where
C(q) marginal cost of production in a country
q production
Q capacity
a, b coefficients

The function assures marginal costs approach infinity as production approaches
capacity. The parameters a and b are determined informally based on cost
observations.

For each country, separate demand functions for small (households) and large
(industry and power production) consumers are specified:

(3.3.1.2) Z = a + b-Pc

where
Z gas demand
P gas price
a, b, c coefficients

The demand elasticities were taken from a time series analysis where gas demand
was assumed to depend on the gas price and an activity indicator (GDP or
industrial production). A partial adjustment mechanism was estimated although
the implemented equations were static. The short run price elasticities were
estimated to be in the range of -0,2 to -0,6, while the interval for the long run price
elasticities was from -0,6 to -1,3.

15
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Let Xy denote gas sold from producer i to market/. For each transaction Xy there
accrues a marginal cost Cj+ty, where ty is unit transport costs of transporting gas
from producer / to market / . Some producers may or may not sell gas to certain
market segments depending on the producer price and the marginal production
and transportation costs. Transport costs are subdivided into transit costs from the
gas field to the various nodes in the European gas market, and distribution costs
that accrue in distribution from the node to the final consumer. Taxes and profits
are included in the distribution costs. As the model describes the transmission
capacities of the grid, capacity shortages may occur. Thus shortage prices of
transmission are also calculated.

The model contains transportation constraints in gas transmission of the type:

(3.3.1.3)

where the summation is done over all activities that utilise the transportation
capacity denoted TG. In gas distribution, no such constraints are included. An
import quota relationship restricting imports from each country is also specified.

The model in the original formulation (Mathiesen et al. (1986)) presented three
equilibria - price taking behaviour, the Nash-Cournot solution and Collusion
between two or more producers.

In the Nash-Cournot solution, each producer observes his influence on the market
price, taking all repercussions from the other suppliers into account, and
maximises profits. The first order condition is

(3.3.1.4) Q+tgZPj+Xg-Pj

where
Q marginal costs of producer i
ty transport cost associated with transport from producer i to market/
Pj price paid by consumers in market/
p'j the derivative of demand with respect to price
Xy sales from region / to market/

which implies that the producer chooses the quantity that equates marginal
revenue and marginal cost if it is profitable at all to sell in the market under
consideration. One aim with the analysis was to discriminate between the three
competing hypotheses of supply behaviour (competitive market, collusion and
Nash-Cournot). Nash Cournot provided the solution closest to observable data.
However, the correspondence between the calculated equilibrium and the actual
base year data was far from perfect.

EGM- further developments
In Golombek et al. (1995, 1996) a model that resembles the EGM model
described above, was used to analyse effects of increased competition in the
European gas market.
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The main empirical difference from the EGM model seems to be that the demand
elasticities were taken from a study of European energy demand. Also the
assessments of transport and production costs were entirely re-considered, based
on the survey of international transport costs by Dahl and Gjelsvik (1993), and of
revised data for production costs.

In the revised formulation, the model displays a long run equilibrium. That
follows from letting production functions be based on long run marginal costs, i.e.
include capital costs and normal profits. The long run nature of the model also
justifies overlooking possible (short run) bottlenecks in transmission. The
differences in model structure compared to the first version of EGM are outlined
below.

Costs of production (for a region) are specified as a function of quantity produced
by

(3.3.1.5) C(q) a + bln(q) c\n

where
C marginal costs
q production
Q capacity
a, b, c parameters

Production in Belgium, France, (West) Germany and Italy is assumed exogenous,
while the model specifies marginal cost curves for Algeria, the former USSR, the
Netherlands, Norway and the United Kingdom.

Costs of transporting gas from the production fields to the consumer is sub-
divided in on-shore and off-shore transport to the European border, costs of
national transportation (from the European border to a national reference point),
costs of storage and load balancing (larger for household markets than for industry
customers) and costs of distribution (fixed amount per unit of gas transported).

International transportation costs comprise costs of transporting gas from well-
head to the border of the importing country. National transportation comprises
transportation from the border to a reference point where all LDCs/large industrial
users are assumed to be situated. Load balancing and storage are assumed to be
purchased at a fixed rate2. Distribution costs are assumed different between
country and are higher for household and smaller customers than for deliveries to
large customers. The main source for distribution costs are time series for
investments and the number of gas meters. By making assumptions on
depreciation and the discount rate, Golombek et al. obtained estimates for
distribution costs.

The same costs are assumed for all countries.
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Golombek et al.(1995) analyse various scenarios of future liberalisation of the
West European gas market. The difficulty of using the model to analyse effects of
competition such as Third Party Access (TPA) to pipelines is that the "model
captures the main features of an ideal non-discriminatory regulation in which all
economic agents can rent transport services". It is thus not a model of the present
situation in the market.

Golombek et al.(1996) study the effects of increased competition on the supply
side of the market, interpreted as a break-up of national gas sales consortia in the
major supplier countries.

The Nash Cournot solution utilised by EGM is a theoretically sophisticated
solution concept and more satisfactory in the European context than the
competitive market assumptions embodied in the original GTM model. The
numerical solution is also complex. However, the differences between the actual
and model-based outcomes were rather large, which may be due to the highly
politicised nature of the market where agents never follow pure behavioural
assumptions from economic theory. The simplified static supply and demand
functions lacks realism but were probably necessary simplifications to keep the
model manageable.

3.3.2 DYNOPOLY
In stead of modelling gas supply by rising marginal cost curves, the DYNOPOLY
model focuses on strategic behaviour on the supply side in the European gas
market. The model is designed for analysing long run problems; the external
suppliers may undertake large investment projects that change the subsequent
market positions. The model was first described by Brekke et al. (1987) and later
used in various applications. The latest analysis based on the model is Berg (1995)
and Berg et al. (1997). A previous analysis with the model was Bjerkholt and
Gjelsvik(1992).

DYNOPOLY emphasises the oligopolistic interactions between the external
suppliers to the European gas market, i.e. Russia, Norway and Algeria. The
United Kingdom and the Netherlands are not defined as players in the game. The
draws in the dynamic game are decisions to invest in new production or
transmission capacity, and the crucial point is that the investment decisions alter
the succeeding (short run) price game for given capacities. The players are
assumed to have perfect foresight and determine the investments and production
quantities in order to maximise the present value of profits. It is assumed that each
player has three specified irreversible investment options. Due to the long run
nature of the model, the time dimension is 5-year-periods. It is assumed that all
players produce at full capacity in each period, and the gas price in each period is
determined so as to balance supply and demand.

These interactions imply that strategic investments may take place, i.e. one player
may invest in order to gain market shares by rendering the other players'
investment projects unprofitable. Thus, an investment project may thus appear
profitable due to strategic considerations even though it would not be profitable in
a simple present value calculation.
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The solution is Nash equilibrium, which implies that each player is able to foresee
the rational reactions of the other players. The solution implies an investment plan
for the entire time horizon for all players.

The analysis is performed by first generating a reference path where existing and
already decided capacity are included. Capacity that has to be invested in order to
fulfil existing contractual obligations are also included in the reference scenario
and thus not subject to the strategic investment game. Only investment projects
needed to increase supply beyond contracted deliveries are subject to
optimisation.

Demand functions for gas in each demand region are specified. Market clearing
takes place in an imaginary central point in the European gas market. The region-
specific end-user prices are a function of this price, added transmission and
distribution costs, as well as taxes. The demand elasticities which form the basis
for the aggregation are taken from simulations on an European energy demand
modei, the SEEM model of Statistics Norway (see Brubakk et al.(1995)). The
demand functions are on the form:

(3.3.2.1) D

where
D gas demand
Pj end-user price of energy carrier j (j=GAS, OIL products and C0A1)
Y GDP in region
Q gas production in the region
e,, e2, e3 price elasticities with respect to gas, oil and coal
E GDP elasticity of gas demand

The transmission companies' market power is not modelled. The model specifies
the transmission margin as an exogenous variable constituting a part of the wedge
between producer and end-user prices. Thus, the model implicitly assumes free
flows of gas between producers and consumers. The model's market description is
closer to a possible future situation with third party access to the transmission
grids (TPA) than of the current situation.

In a co-operation between Statistics Norway and Centre for Operational Research
and Econometrics (CORE) at the University of Louvain (Belgium), a joint model
set-up combining two models has been developed. The abovementioned
DYNOPOLY model has been linked to the gas market model TEG of CORE. We
will here concentrate on the TEG model and the effects of linking the two models.

The TEG model is a network model for the European gas market, i.e. the market is
seen as a set of nodes connected by arcs. The nodes are geographical points where
physical or commercial operations are carried out. Physical flows may only occur
through the arcs. The arcs are pipelines or LNG routes. The pipelines may be one-
way or two-way. LNG routes may only be one-way.

The time period in TEG is 5 years, as in DYNOPOLY. Each period is run
independently of the others, given exogenous capacities. At the nodes, both
physical and commercial operations may occur.
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Gas extraction is characterised by maximal yearly production, production costs
and reserves. There are two types of suppliers- endogenous suppliers and
exogenous suppliers. For each type of supplier, the production costs are specified
by a step-wise supply curve. LNG capacities and costs are specified in TEG.

Gas consumption is aggregated to consumption sectors that have a precise
location. These locations are nodes of the network. The demand curves at the
nodes are linear. The elasticities were taken from Coopers and Lybrand (1993).
Few further details on the demand functions were reported.

According to the model description, the companies are described as separate
agents. Various degrees of competition takes place depending on country and
market. The combined model distinguishes between perfect and imperfect
competition between several suppliers, and monopoly.

DYNOPOLY focuses on a potentially important aspect of European gas market,
strategic investments between the main external suppliers (Russia, Algeria and
Norway). The model is theoretically and numerically complex. It focuses on the
behaviour of the upstream part of the gas sector while treating the demand side
and the T&D sector in a very simple way.

3.3.3 Coopers & Lybrand (1993)
The consultancy firm Coopers and Lybrand has constructed an energy model for
West Europe. We review the model as a gas market model since emphasis is on
forecasting gas demand in most European countries. Contrary to the models
reviewed before, this is a simulation model, not an optimisation model. It also
includes more detail in many respects than the optimisation models. The model
has a strictly recursive structure and solved for every 5 year from 1990 to 2010.

Gas demand - general aspects

For the most important gas-consuming countries, demand is disaggregated into
three sectors, commercial/dwellings, industry and power production. The
consumers choose between gas, coal, fuel oil and electricity. This is done through
a simplified sequential procedure.

Before taking account of relative price effects, a baseline is constructed based on
price-independent trends from the continued spread of electrical appliances, the
ongoing reduction of domestic/commercial coal use and exogenous market shares
of hydropower and nuclear power.

The inter-fuel competition between gas, fuel oil, electricity and coal is treated as a
two stage process. First, competition between gas and its main competitor in each
sector is considered. In the second step, competition between the major competing
fuel and the next most attractive fuel is modelled similarly. In some cases there
may be only one significant competitor to gas and the second stage is not needed.

Gas demand in industry and the domestic/commercial sector
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The calculations of commercial/domestic and industrial gas demand in a country
takes place in several steps. First, sectoral aggregate energy demand is calculated
as3

(3.3.4.1) EN, = ENQ • (1 - ENEFF,) • GDPI, • I 1 + ELAST, • ( ^ - -1 )1
V r0 J

where (suppressing the country code and letting subscript 0 indicate base year
values)

EN, aggregate energy use in a sector
ENEFFt energy efficiency index
GDPI, GDP index
P, Oil price
ELASTt Price elasticity of energy demand (time-dependent)

Aggregate energy use in a sector is a function of energy efficiency, GDP and real
price changes of oil since the base year. The real oil price term in the aggregate
energy demand equation is a proxy for the real price of total energy.

Use of different energy carriers are determined by fuel share equations. Below we
only show the gas demand equations. The crucial variable for determining the gas
share of total energy demand is the ratio of the gas price relative to the price of
competing fuels. The gas share of total energy demand is determined by

f p
1 COMP

(3.3.4.2) gsh,=gsh,_x
I •ELASTgsh,

where
PcoMP.t P r i c e of the major competing fuel
PG A S t price of gas
PB E , break even price ratio (the price ratio that leaves the consumers

indifferent between gas and the price of the main competing
fuel)

ELASTgsh, elasticity of the gas share with respect to relative energy prices
(time-dependent)

The equation says that the change in the market share of gas is determined by the
level of prices and the time-dependent price elasticity. However, probably to
prevent too rapid changes in market shares as a response to price changes
following from the above formulation, limitations to the magnitude of the market
share are imposed by minimum levels (floor) and maximum levels (ceilings) of
the market shares.

(3.3.4.3) FLOOR, = sh,_{ -0.05

This is a slightly re-written version of the actual model equations.
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(3.3.4.4) CEILING, =sh,_l+ +0.05

where
FLOOR, lower limit of market share, period t
CEILING, upper limit of market share, period t

This formulation implies that regardless the resulting market share from equation
(3.3.4.2), it can not exceed the limits determined by equations (2.3.4.3) and
(3.3.4.4).

Given market shares and aggregate energy, actual gas demand is determined by

(3.3.4.5) GAS = gsh-EN

Gas demand in the electricity sector

Gas demand in the electricity generation sector is formulated differently. First,
aggregate electricity generation is determined by

(3.3.4.6) ELPROD = (ELDDOM + ELDIND) • (l + adjust)

where
ELPROD electricity production
ELDDOM electricity demand, domestic and commercial sector
ELDIND electricity demand, industry
adjust adjustment variable accounting for transmission losses and net exports

of electricity

Thus, production of electricity is the sum of electricity use in the
commercial/domestic sector and the industrial sector, adjusted to account for trade
and for transmission losses.

The fuel shares are partially exogenous (nuclear, hydro) and partly endogenous.
Gas1 share of the market in the electricity sector is determined by

(3.3.4.7) gshel = gshel,_{ +

'ALT/

"GAS - 1 • ELASTgasel

where
gshel market share of gas in electricity sector (share of fuel input)
P ^ T alternative price of gas, electricity sector
PGAS price of gas delivered to the electricity sector
PB E break even price ratio in the electricity sectors
ELASTgase l price elasticity of gas1 share in total energy inputs in the

electricity sector (independent of time)

Gas use in electricity production is then calculated as

(3.3.4.8)

where

22



- ECON Centre for Economic Analysis -
Modelling gas markets - a survey

gshel gas' share of total energy input in electricity generation
GASEL gas input in electricity production
ELPROD electricity production
ELEFF efficiency index of gas-fired power plants

Prices

End-user fuel prices are calculated as

(3.3.4.9) PC, = ((PINT, • PRATIO,) + TAX,) • (l + VAT)

where

PC, consumer price of fuel 1 (gas, fuel oil, coal)
PINT, international price of the fuel/
PRATIO, the ratio of the national fuel price before tax to the international fuel

price, fuel /.
TAX, national tax, fuel /
VAT value added tax

Consumer prices of different fuels are determined by international fuel prices,
national factors transferring from international price to national price, excise taxes
and VAT.

Netbacks

The model specifies the netback value of gas at the border as the value of gas to
the customer less the cost of supplying gas including profits in transmission and
distribution. Basic netback for gas is calculated by

(3.3.4.10)

where
BNBGAS

PGAS

TAXGAS

TNGC
PROF

= PGAS • TAXGAS - TNGC - PROF

basic netback value (at the border)
gas consumer price
total gas taxes
total non-gas costs of transmission and distribution
profits in transmission and distribution

The demand part of the model identifies country-wise demand curves for gas.
Furthermore, the basic market value for gas (netback at the border) has been
identified in equation (3.3.4.9). The actual border price for gas is the result of
negotiations between suppliers and consumers. The basic netback value represents
the upper limitation and the marginal supply costs at the border represent the
lower limitation of the possible outcomes of these negotiations. A particular
problem is how to treat taxes in the model. Currently, national taxes of competing
fuels exceed gas taxes, and introduction of carbon taxes in the future could
increase the tax differential between alternative fuels and gas. Increased fuel taxes
of non-gas fuels could raise the basic netback. However, it is a question whether
or not this increased tax differential could be exported to gas producers in the
form of a greater willingness to pay for gas. The model allows the user to specify
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directly the proportion of any tax differential between competing fuels and gas
that is reflected in the netback calculation. The actual netback is thus defined by

(3.3.4.11) ANBGAS = BNBGAS - [(l 00 - PNPB) • 0.01 • TAXDIFF]

where
ANBGAS actual netback of gas
BNBGAS basic netback of gas
TAXDIF tax differential between competing fuels and gas
PNB per cent of tax differential passed back to the producer

Gas supply and dispatch

At the supply side, existing gas supplies and additional gas supplies are
distinguished. Additional gas supply is modelled by constructing supply costs for
various additional quantities of gas from different sources. An aggregate supply
curve consists of additional capacities with associated supply costs, arranged by
rising cost. The demand for additional gas supplies is determined by actual gas
demand minus already contracted deliveries. Required additional gas supplies in
each country is defined by

(2.3.4.12) RAGS = GD + CGE - IGP - CGI

where
RAGS required additional gas supplies
GD gas demand
CGE contracted gas exports
IGP indigenous gas production
CGI contracted gas imports

The cost of buying additional gas is calculated, based on the assumption that the
gas from the cheapest source will be bought first. However there are possibilities
to impose constraints regarding the different suppliers' market shares in each
country.

The gas dispatch goes as follows. First, additional demand in the UK and the
Netherlands is met by increasing domestic deliveries to their home market,
leaving less for exports. Then aggregate demand for additional gas is directed to
the cheapest source (in north and south Europe). Demand is allocated to North
Europe if marginal supply is lower in North Europe than in South Europe and vice
versa. The number of countries receiving gas from these countries is limited by
those who are allowed (by the model user) to do so.

Marginal costs of imports is essentially the marginal cost of the most expensive
supply tranche used, in either Northern or Southern Europe. By adding all
marginal supply curves, one obtains a supply curve for additional gas for 2010.
For 20 mtoe additional supplies, the cost is approximately 60 ECU/toe, rising to
100 ECU/toe at an additional supply of 70 mtoe.

Classification
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There are 7 countries which are given a disaggregated treatment and 10 countries
given an aggregate treatment. Eight supply countries are identified. In each region
or country a number or supply sources are identified. For Norway 4 sources are
identified, the Former Soviet Union 3, UK 3 etc.

Overall model properties

The model covers the entire European gas market. It is a pure simulation model
and the formulation is enables the model to be solved in a worksheet. The sources
for demand and supply elasticities are not given in any detail, but seems to rely on
«best judgement)). The model contains many relevant «real world» elements,
which it has been possible to include in the model at the expense of theoretical
sophistication.

3.4 Overview of market models
In the preceding sub-sections 6 models have been described. The varying degree
of detail in the review largely reflects differences in the available documentation.
Three models (GTM, GRI, AGAS) are simulating the more or less competitive
North American gas market while the three European models (EGM,
DYNOPOLY and Coopers and Lybrand) simulate the oligopolistic and much
more politicised European gas market. The North American models were by and
large developed before the European and much work on European gas market
modelling has taken crucial features of the American models as a point of
departure. The table is a summary of model properties along the dimensions listed
in the beginning of the chapter.
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A typology of gas market models

Model

Model property:

Purpose of model

Behavioural
fl ecu m ntinnc
M33U1IIUIIUII3

Simulation or
optimisation
Expectations

Dynamic
relationships and
properties

Sectoral

Aggregation

Geographical
KAirafnna

Pricing
principles in
Transmission
and Distribution

GTM
(America)

Describe prices
and quantities
in the North
American gas
market.

Perfect
competition

Optimisation

Myopic

Static cost and
demand
functions in
market model

Residential,
manufacturing,
electricity
generation

USA, Canada,
Mexico

Cost-plus

GRI
(America)

Describe
prices and
quantities in
the North
American gas
market

Perfect
competition

Optimisation

Perfect
foresight
Cost curves
containing
shadow price
of reserves.
Static demand
functions

Residential,
manufacturin
g, electricity
generation

"Core" and
"non-core"
market

USA,
Canada,
Mexico

Cost-plus

AGAS
(America)

Describe prices
and quantities
in the North
American gas
market

Perfect
competition

Optimisation

Perfect
foresight
Static supply
and demand

One aggregate
function in
each region

USA, Canada,
Mexico

Cost-plus

EGM
(Europe)

Investigate the
nature of market
equilibrium in the
west European gas
market

Nash-Cournot
players. Perfect
competition,
Collusion

Optimisation

Myopic

Static equations..

Household,
industry,
electricity
generation

Demand: NL,
FRG, FRA, BL,
IT, UK

Supply: USSR; N,
ALG, LIB

Cost-plus

DYNOPOLY
(Europe)

Strategic
investment game
between Norway,
Russia and
Algeria

Nash-Cournot
where agents
maximise
discounted future
profits under
perfect foresight

Optimisation

Perfect foresight

Static demand
functions.
Investments
determine
capacities in
subsequent
periods.

Economy-wide
demand function

Strategic players:
NOR, RUS,
ALG.

Demand:
European
Community

Cost-plus

Coopers and
Lybrand
(Europe)

Forecast gas
demand and
price
equilibrium
price in
individual
countries

Simulates
equilibrium
between supply
and demand

Simulation

Myopic

Lagged values in
demand
equations.

Residential,
industry.
electricity
generation

All West and
Central European
countries using
gas

Cost-plus

Note: Country codes used are: ALG: Algeria, BL: Belgium and Luxembourg, FRG: Western Germany,
FRA: France, LIB: Libya, IT: Italy, NL: the Netherlands, UK: the United kingdom, USSR: the Soviet
Union.

Describing two different markets, it is natural that the assumption on the degree of
competition differs between American and European models. All models aim at
describing the market equilibrium in the two respective markets, and quantify
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effects of changes in external factors such as oil prices and economic growth. The
American models have been intensely used in generating scenarios for prices and
quantities in the North American gas market, depending on different assumptions
of costs, reserves and other factors. The European models have in addition been
used to analyse particular questions, such as what are the effects of various forms
of liberalisation of the European gas market.

Five of the 6 models are optimisation models while one is a system of equations
(behavioural and others). This distinction is mainly a matter of technique, which
has implications for what software that can solve the model, than of substance.
The optimisation models have a closer connection to neo-classical economic
theory than the simulation model in that they assume strict profit maximisation
either in the competitive equilibrium context or the oligopolistic context. The
simulation model (Coopers and Lybrand) has a much larger element of ad-hoc
modelling of structural properties of the gas market. The connection to basic
micro-economic theory is more distant.

The computational requirements in the optimisation models are probably the
reason why the persons behind these models provide the demand equations with
little sophistication, for example in the form of dynamics. Demand functions in all
optimisation models are formally static. On the other hand, the more ad hoc based
Coopers and Lybrand model is more realistic since it explicitly specifies dynamic
demand functions and explicit modelling of fuel technologies. Still, the trade-off
between modelling an entire market and the desire to model "correctly", has made
even the Coopers and Lybrand model turn to simplifications compared to more
elaborate studies that focus on details in e.g. energy demand. For example even
this model does not attempt to specify a structure in energy demand whereby fuel
choice is seen as an investment decision where substitution possibilities are large
ex ante and modest after instalment of (fuel-specific) heating equipment.

The treatment of dynamics is a matter of concern in modelling supply. Two
American models (GRI and AGAS) contain dynamic elements in supply from
assuming that remaining gas reserves influence supply costs. The model solution
is a maximisation of social surplus over the entire horizon, implying forward-
looking agents and correct expectations. The model solution is thus a dynamic
equilibrium. Perfect foresight is also present in the dynamic Nash-Cournot
equilibrium in DYNOPOLY, where agents, in addition to correctly forecasting
exogenous variables such as GDP and the oil price, also forecast all mutual draws
of the investment game. The focus on long term strategic investments is not
shared by any of the other models. That makes this model particularly interesting.
The other models (GTM, EGM, Coopers and Lybrand) have a myopic formation
of expectations and also a static concept of gas supply. Supply costs are assumed
not to include any sort of resource rent.

Huntington (1992) is a comparison of North American models (including other
than those reviewed above) where calculation of aggregate supply and demand
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elasticities is focused4. Recognising that the elasticities are non-constant and
depending (inter alia) on the reference scenarios that are used as benchmark for
the simulations, Huntington concludes that supply and demand curves in the
North American models were more frequently inelastic than elastic with respect to
price. The average demand price elasticity after 15 years was -0,9 while after 25
years, it was -0,8. The corresponding supply elasticities were 0,55 and 0,85,
respectively.

The models discussed in the present report all reflect a view of the gas market that
the important agents are the producers and the consumers. The behaviour of the
companies transporting the gas from the source to the consumer (high-pressure
transmission and low pressure distribution) are not important. Actually, the model
formulations literally mean that the sector does not respond to changes in external
factors nor have any behavioural function. This is perfectly explicable in terms of
the need for analytical simplicity and the, at the time of model construction,
relatively smaller importance of changes in downstream markets in the European
gas market. Probably, decisions of transport margins, the development of
productivity and the wishes to extend the gas grids are very important variables
that crucially influence overall developments of the European gas market. That
neither of these factors are subject to behavioural equations in any of the surveyed
models is hardly an attack on modellers. This is partly because these issues
seemed less relevant 5-10 years ago when the models were first designed, than
today, and partly because the data problems and other analytical problems at
establishing believable behavioural assumptions are very serious.

Above, one finding is that modellers have turned to useful simplifications in many
respects. The conclusion of the sub-section is that the chosen simplifications may
have left empirical gas market models less suited to capture to-days important
factors in the European gas market, and that one should include more realistic
models inter alia for energy demand and. That is the topic for the next chapters.

4 Six of these models are market models like the three reviewed here and the remaining ones are
engineering-economic models. Partly because of lacking documentation, no further review of these
models is given here.
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4 Modelling demand for gas
and other energy

A good description of the factors affecting demand for natural gas is indispensable
when analysing the possibilities for structural change in the West European gas
market. The market models described in chapter 3 relied in most cases on
simplified and relatively aggregated specifications of demand for natural gas. The
purpose of this chapter is to give an overview of different modelling practices of
relevance to our project.

Energy demand modelling is often categorised into "top-down" models based on
econometric methods and use of aggregate data, and "bottom up" models, often
based on engineering data for specific industrial processes and the resulting
technology choices from explicit optimisation. While these traditions have
evolved with little interaction between them, recently a probably more fruitful
process of integrating elements from both traditions is emerging in energy demand
research (cf. e.g. Johnstone, 1994).

Econometric analyses of energy demand have either treated demand for one fuel
in isolation, leaving the description of choices of other fuels unspecified, or have
specified demand for several fuels in a simultaneous equation system. Olsen and
Roland (1988) (henceforth OR) provides a comprehensive survey of
methodological approaches in estimating demand for natural gas, based on
econometric analyses. A recent survey of econometric estimates of international
energy demand elasticities is Atkinson and Manning (1995). Madlener (1996) is a
more general survey of methods and results from econometric analyses that
confines itself to the residential sector.

In the following we give a broad overview of energy modelling and results from a
birds-eye perspective and review results from the empirical literature, to a large
extent based on the survey by Olsen and Roland (1988). We will focus on
different empirical specifications while not much on estimation. Then we will
review a number of later analyses of particular relevance for modelling of gas
demand as well as a number of large-scale simulation models of energy demand.
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4.1 Demand functions based on neo-
classical theory

A laxge number of analyses have undertaken a direct application of standard neo-
classical microeconomic theory to energy demand modelling and estimation.
Energy is modelled as a function of prices, income and possibly other structural
variables. Standard neo-classical theory is often extended to imply estimation of a
system of demand equations where adding-up restrictions between equations are
present. Various functional forms have been proposed. In the early literature,
Cobb-Douglas or Constant Elasticity of Substitution (CES) demand or utility
functions were subject to estimation. Later analyses used the more flexible Trans-
log (TL) or Generalized Leontief (GL) functions. In the majority of these
analyses, the production factors were "KLEM", i.e. K(capital), L(labour),
E(energy) and M (non-energy-intermediate inputs). The Cobb-Douglas and CES
functions imply a priori that all factors are substitutes5. Whether factors are
complements or substitutes is a result of the estimation when using TL or GL
functional forms. An unsettled result in the literature has been whether energy and
capital are substitutes or complements.

Different energy carriers can fulfil the same need - for example heat for the
consumer. A two-level strategy has been proposed to describe the demand for
different fuels. At an upper level, total energy is determined as a function of
income and relative price of total energy6. Total energy is then distributed on
different fuels depending inter alia on relative energy prices.

In empirical analyses using these formulations, usually static functions were
estimated. No assessments of the dynamic responses of energy demand to changes
in prices and income could thus be uncovered, a clearly unrealistic property of
these models. The most general, models of this type expressed demand for all
factors as functions of relative prices and an activity variable, usually production.
Disregarding the econometric problems7 by estimating static relationships, which
almost always implies that the residuals were strongly auto-correlated, the demand
equations must be interpreted as long run demand functions for all factors.
Knowing that the lifetime both for capital and for energy-specific capital (such as
heating equipment) is usually quite long, this formulation can be of little help in
analysing energy demand within a horizon of say 5-10 years or even more.

Atkinson and Manning (1995) review analyses based on the neo-classical
framework comprising analyses based mostly on static trans-log cost functions,
although other functional forms are also surveyed. Both aggregate energy
elasticities and inter-fuel elasticities are analysed. Their general conclusion is that

Two inputs are defined as complements if the cross price elasticity is negative and a substitute if the cross
elasticity is positive.

The price of total energy is itself an average of prices of different fuels.

In the light of modern cointegration theory, static equations of the form previously estimated, may give
consistent (although not efficient) estimates of the long run parameters in the demand equations.
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it is "difficult to uncover any evidence of any sort of consensus in the direction
and magnitude of the various energy elasticities in the literature discussed".
However, the authors sum up their survey by stating that "coal, oil and gas have
partial own price elasticities of approximately -1.0 while electricity has an
elasticity somewhere between 0.10 and -0.52". The partial cross-elasticities are
generally less than unity in absolute value and positive.

4.2 Dynamics of energy demand
It is intuitively clear that use of energy is intimately connected to the existing
stock of energy-consuming equipment both in households and in firms. The
formulation closest to the static neo-classical model is to derive the short run
restricted cost function, by considering the level of the capital stock as given,
within the neo-classical model. A system of factor demand equations as a function
of factor prices, given the capital stock, can then be estimated. These are denoted
short run equations. Utilising the derivative of the cost function with respect to the
fixed factor (capital) enables one to solve for the long run capital stock as a
function of price, and then also solving the long run levels for the short run
variable factors. This is analytically neat, but still one have no direct assessment
of the dynamics. This methodology provides something denoted "short run" and
something denoted "long run", but gives no sense of time (i.e. of the elasticity
after say 2, 5,or 12 years after a change in prices).

Several other directions of dynamic modelling have emerged. Dynamics have
been introduced in otherwise static econometric models by including various types
of lags which are supposed to describe the adjustment process. These will not be
commented further upon here except that recent developments of time series
analysis have lead to the widespread use of so called Error Correction Models that
are generalisations of dynamic models where lagged values of all variables may
appear as right hand side variables (see e.g. Cuthbertson et al. (1992) for a
methodological description). The dynamics are estimated freely without
imposition of any structure before the model is confronted to the data. One
important property with estimated dynamics in such models, is that the long run
responses of energy demand to changes in for example prices, are symmetric. This
means that the magnitude of the change in energy demand from say a 10 % gas
price rise is the same as from a 10 % price decline. Acknowledging the intimate
relationship between energy use and energy equipment, the realism of this
property may be questioned.

Other directions in dynamic modelling describe the structures generating the
adjustment delays in more detail, such as the Balestra-Nerlove model, vintage
models and models of discrete-continuous choice. These will be shortly discussed
below8.

8 The outline is based on Olsen and Roland (1988).
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4.2.1 The Balestra-Nerlove Model
The main distinction in the Balestra-Nerlove model - utilised in analysing both
electricity and gas demand - is between "captive demand" and "new demand".
Captive demand is demand that is tied to the existing stock of heating equipment.
Consumers already attached to the gas grid and have installed heating equipment,
are captive. They can not easily or at least profitably switch to other energy
sources even if gas prices rise significantly. New demand is responsive to price
changes since ex ante the type of heating equipment is not yet fixed. Gross
investments in gas consuming equipment and thus in "new demand" for gas
depend on demand for total energy and the relative price of gas, as well as capital
costs and the lifetime of the equipment.

In practice, data for investments and the stock of heating equipment are hard to
come by. The nice property of the Balestra-Nerlove model is that by clever
elimination and introduction of some key assumptions, it is possible to eliminate
the heating stock variables.

Olsen and Roland point to a number of difficulties with the Balestra-Nerlove
model, inter alia:

• it assumes that the utilisation of the heating equipment stock is not subject
to optimisation, specifically it is assumed constant,

• it does not explain inter-fuel competition between gas and alternatives
(although this could be accomplished by introducing alternative energy
prices),

• the depreciation rates are interpreted as physical, while in reality the
scrapping decision of heating equipment is likely to be governed by
economic considerations,

• the reduced form equation excludes a potentially important variable,
especially for the household sector, namely the stock of dwellings. Changes
in heating equipment investment is likely to be highly correlated with
investment in new dwellings.

4.2.2 Vintage models and other models specifying the
capital stock

Olsen and Roland give a relatively detailed description of vintage models for
describing energy demand. Such models are specifically designed to account for
asymmetric responses to changes in the variables determining energy demand.
Substitution possibilities are assumed to exist for new vintages, i.e. at the time of
investment, but no substitution is assumed to be possible for each vintage as soon
as the investment is undertaken. Olsen and Roland report only few empirical
analyses, which they ascribe to the complexity of implementing vintage models
and the large data requirements. A formal presentation of a stylised vintage energy
demand is given below. The following notation is used:

Y(t,s) production capacity at time t of the vintage installed at time s,
E(t, s) energy use at time t using vintage installed at time s,
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K(t,s) volume of capital services at time t from capacity installed at time s,
e(s,s) energy input coefficient (E(s,s)/Y(s,s))
k(s,s) capital input coefficient (K(s,s)(Y(s,s))

The ex ante technology can be described by the production function

(4.2.2.1) Y(s,s) = F(E(s,s),K(s,s))

On the basis of (expected future) prices, the firm determines the input coefficients
for energy and capital (e(s,s) and k(s,s)). After the investment has been made, ex
post technology is fixed coefficients, i.e.:

(4.2.2.2) Y(t,s)<Y(s,s) t>s Capacity at time t given by vintage
capacity

(4.2.2.3) E(t,s) = e(s,s)-Y(t,s) t>s Energy given by input coefficient and capacity
(4.2.2.4) K(t,s) = k(s,s) • Y(t,s) t>s Capital given by input coefficient and capacity

Under certain assumptions, the firm will operate the vintage as long as it yields
positive quasi rents.

Olsen and Roland note that the vintage model in its putty-clay formulation implies
literally no substitution ex post and is as such rather extreme in terms of
inflexibility and homogeneity of technology in use.

Olsen and Roland assert that adjustment costs are more related to adjustment of
the building stock itself rather than costs of installing new equipment. They refer
to a study that explicitly takes into account the relationship between the size of the
dwelling stock and energy demand, Radseth and S t e m (1976), in an analysis of
the Norwegian electricity market. First, total energy demand was given by a
complete set of demand functions. Various assumptions enables Rjadseth and
Strem to arrive at a relationship explaining the electricity share of total energy
demand as:

(4.2.2.5) Xe=l

where
xe use of electricity for heating purposes,
Ae the number of dwellings heated with electricity
A total number of dwellings
pe price of electricity relative to the price of oil,
y real income
DD degree-days per year

The equation states that actual use of oil is proportional to the stock of oil-heated
dwellings, the function f(.) thus captures the short run utilisation of the existing
heating system. The motivation for this term is that many households in Norway
have dual fuel capabilities, allowing for a relatively costless switch between fuels.

The model explains the changes in the stock of dwellings heated solely with
electricity. That is done by postulating the following equation:
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(4.2.2.6)

where AAe and AA are net addition to stocks.

4.2.3 Discrete choice models
Neo-classical models determine energy demand as continuous functions of prices.
Often, analysts find this too simplified; more structure should be imposed on the
equations to be estimated. The discrete choice model represents an integration of
an engineering approach with an economic approach.

Static and dynamic logit models seem to be most popular among energy demand
researchers. In the model, the probability of an agent choosing a given equipment,
is determined by a vector of explanatory variables. By applying large data sets and
various econometric techniques, the coefficients determining the effects of
different variables on the probability of choosing a given equipment, is estimated.
An extension of the discrete model also estimates a model for the utilisation of the
stock of existing capital. A model that combines both the investment decision and
the decision on capital utilisation, is denoted a discrete-continuous choice model.
One such analysis is reviewed below.

Bartlett et al. (1990) analyse household gas demand using the discrete-continuous
choice model. The model uses grouped data for several countries. First a structural
model of gas demand is estimated, and subsequently the model is used to simulate
future developments.

The important property of the method is that choice of fuel is most price
responsive for new dwellings. For older dwellings, change of heating equipment
takes place at the end of the system's lifetime. However, the model opts for
conversion of heating equipment in existing dwellings as well. The difference in
substitution possibilities between new and existing dwellings remains.

New dwellings

In the model, the probability of choosing a particular fuel technology in new
dwellings is modelled by a multi - nomic logit model. The probability of choosing
fuel h is

eVk

(4.2.3.1) Ph =

where Vh=V(Zh) is the indirect utility function. This is a function of Zh, a vector of
exogenous variables such as prices, capital costs, saturation of gas networks etc.

Existing dwellings

Second, there is a certain transition rate for each energy technology for existing
dwellings, where it is assumed that a fraction of the long run change in fuel shares
takes place each period:
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(4.2.3.2) Ps/l(t-l,t) = P/l(t)-P/l(t-V)e-a fors*h,a>0

(4.2.3.3) Pss(t-l,t) = Ps{t)-Ps{t-\)e'a +e'a

Psh and Phh are transition probabilities for fuel technology between two periods.
For example, Psh(t-l,t) is the conditional probability that fuel h is chosen at time t,
given that fuel s maximised utility at time t-1.

The P,,'s and Ps's are determined by the MNL functions (4.2.3.1). The parameter a
measures the transition speed. With a small value of a, the transition between
fuels in existing dwellings goes slowly.

Short run utilisation

Third, given fuel technology from discrete choice in new dwellings and transition
in existing dwellings, the short run utilisation of equipment is given by the short
run demand function:

6

(4.2.3.4) lnx = aQ + allnp + a3y + ^PkZfr

where
x gas demand
p real price of gas
y real income per household
zl gas network saturation level
z2 district heating network saturation level
z3 share of single family dwellings
z4 average dwelling area
z5 number of degree-days
z6 share of centrally heated dwellings

The main results for gas demand were that the (short run) price elasticity is -0,3
and the income parameter varies from 0,6 to 1,2 (depending on country and time).
It should be noted that the income effect is for dwellings with already installed
natural gas heating equipment.

Bartlett et al. use their model to construct scenarios for gas demand from 1984 to
2000, given assumptions on the exogenous variables. Since gas is more prevalent
in new than in existing dwellings, the average gas intensity in the dwelling stock
tends to rise.

An analysis that also allows for some flexibility in existing equipment is Beltramo
(1989). The existence of dual fuel capacity within parts of US industry was the
motivation for a model formulation allowing for some price sensitivity in energy
demand also for the existing stock of capital. During the 1970's, many US
industrial firms experienced gas curtailments, and instalment of dual fuel
equipment became widespread. Beltramo estimates oil-gas substitution in US
manufacturing by using regional data for 1974-81. Separate elasticities for firms
with dual fuel capacity and for firms using either pure gas or pure fuel oil
technology are estimated. The elasticities were conditioned on the stock of
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existing equipment. The author argues that the dual fuel elasticities can be
interpreted as long run elasticities since full substitution between fuel oil and gas
could be expected to be present in firms with dual fuel capabilities. However, an
argument against this interpretation is that firms may have installed dual fuel
equipment for only a fraction of their total energy requirements. If this is the case,
the price elasticities even for the dual fuel firms can not be interpreted as long run
elasticities.

Among Beltramo's results were:

• during the period of estimation, there was a trend from fuel oil equipment
towards gas or dual fuel equipment, a result the he attributes to delayed
effects of the oil price rise since the first oil price shock and from increased
gas availability,

• the dual fuel gas share own-price elasticity in different regions varied from -
0,1 to -1,4 while the corresponding numbers for the dual fuel oil share
elasticity was between -0,3 and -2,0.

The author attributes the seemingly low price elasticities for the dual fuel firms to
firm-and region-specific costs of using gas compared to fuel oil.

4.2.4 Natural gas availability
Unless gas is available close to the potential gas customers, they will not be able
to purchase gas regardless how low gas prices in the country are. Evidently, the
availability of gas in a country or region is important to account for both in
estimation and in model specification.

In discrete choice models where one estimates demand functions based on
observations of individual households, it is very useful to include gas availability
as a variable in the analysis. This variable was one explanatory variable in Bartlett
et al. (1990). Gas availability was specified as a variable explaining gas use, but it
was not attempted to model gas availability. Gas availability is finally decided on
by the transmission and distribution companies, and few analyses of this decision
exists, but see ch. 5 for analyses related to this topic.

4.3 System dynamic analysis
Contrary to econometric models where the model is confronted to data by
statistical techniques, some analysts have specified explicit dynamic structures for
simulation with little or no formal statistical testing. A structural model for
demand for fossil energy in Europe based on this approach is Moxnes (1986).
Contrary to econometrically estimated models, this model is constructed on the
basis of calibration and assessments of key parameters utilising best judgement
about the structure of e.g. investment and scrapping of heating equipment. Energy
use for the four countries West Germany, France, Italy and the United Kingdom
are lumped together and considered as a whole. The sector under consideration is
the industry sector excluding the petrochemical industry.
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The model is validated by comparing a historical simulation over the period 1960-
1983 with the actual data, and by undertaking sensitivity analyses by changing
parameters considered to be critical for the overall properties of the model.

Moxnes identifies five steps in modelling inter-fuel substitution:

• Determining fuel shares in burner investments.

• Keeping track of vintages of burners.

• Determining total investments in burners.

• Determining capacity utilisation of burners.

• Determining the utilisation of flexible capacity.

Fuel shares in burner investments

Fuel shares in burner investments are assumed to be determined by a (multi-
nomic) logit function where the fuel shares for investments in each fuel-specific
burner is determined by

£!!(4.3.1) S, =

where

Sj share of total burner investments in fuel-specific burner, type j
Cj total costs of using fuel-specific burner, type i
a a vector of coefficients

Cj is in turn determined by capital costs of each fuel, required pay-back time, other
operating costs and the fuel price.

Investments in each burner type is determined by the fuel share and total
investments in heating equipment (cf. eq. 4.3.7):

(4.3.2) I,=SrI

The development of the stock of burner vintages

The model divides the stock of burners in two vintages - new and old burners. The
stock of burners is determined by the following equations:

(4.3.3)

(4.3.4)

(4.3.5)

(4.3.6)

KNt-

KO; ~ .

DN,-

DO{-

KNt
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TV/ 2

:-DO:

where
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KN, new burners using fuel type i
Ij investments in new burners using fuel type i
DN| conversion of «new burners» into «old burners» using fuel type i
DO; scrapping of old burners using fuel type i
KO; old burners using fuel type i
Tj lifetime of burners using fuel type i

The equations imply that the change in the number of new burners is determined
by gross investments and conversion of new burners into old burners (equation
4.3.3). The dynamics of old burners is determined as the conversion from new into
old burners minus the scrapping of old burners (equation 4.3.4). It is assumed that
the conversion of new into old burners takes place after half the lifetime of the
burners, and that the same time dependency is present in the process of scrapping
of old burners (equations 4.3.5 and 4.3.6).

Determination of total investment in burners

Total investments in inflexible capacity is determined by

(4.3.7)

where

TI-DO

I total investments in inflexible capacity
DO total scrapping of old burners (determined above)
ED historical demand
FF fraction of total demand that is met by flexible capacity
K total burner capacity
TI time to adjust investment (years)

The equation says that total investment is proportional to the total scrapping of
burners. The proportionality factor is fQ.The denominator within f(.) is demand
for inflexible capacity in excess of total burner capacity, which motivates
investments in new burners. The investment is reduced the higher is the TI
variable, the number of years to adjust investments, and reduced the higher is the
actual scrapping. It is imposed that f(0)=l. This ensures total investments be equal
to total scrapping of burners if no excess demand above capacity exists.

Utilisation of flexible capacity

Demand from flexible capacity is determined by

(4.3.8)

where

TAF,

DFi demand for fuel i from flexible capacity
IDFi "indicated demand" for fuel i from flexible capacity i
TAFi average adjustment time for flexible capacity i
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What the author labels indicated demand can be interpreted as long term or
equilibrium demand. Indicated demand for fuel type i from flexible capacity, is
determined by costs of using different fuels:

(4.3.9)
-hO,

j

where

Oj operating costs of using fuel j in flexible capacity (fuel costs and other
operating costs)

According to this equation, indicated demand for each fuel from flexible capacity
is determined by total energy demand multiplied by the fraction met by flexible
capacity. The logit expression in (4.3.9) determines the fraction of flexible energy
that is allocated to the different fuels. Equation (4.3.8) represents the delay in
actual adjustments towards indicated demand.

Numerical implementation

Operating costs of different fuels are calculated on the basis of fuel prices,
efficiencies, capital costs, pay-back periods and lifetimes for each fuel. On the
basis of a consideration of total costs of fuels in each country, the parameter a in
equation 4.3.1 is set such as each fuel obtains a 75 % market share when its price
is 30 % below the price of the other fuel prices. The parameter b in the equation
for fuel choice in flexible capacity (equation 4.3.9) is set somewhat higher than a,
implying more price-responsiveness in flexible capacity. Total costs determine
fuel choice in the investment decision while operating costs influence fuel choice
in flexible capacity. The time to adjust investments, TI, is assumed to be 0,25
years. The lifetime of burners is assumed to be 25 years while the pay-back period
is 5 years. In order to simulate the model, initial conditions for the stock of new
burners for each fuel was given. The model is simulated over the 1960-1983
period and visual inspection of the fit gives the impression that the model tracks
the historical development fairly well. Two sensitivity analyses were undertaken,
where first the lifetime of burners was reduced to 4 years and then the price
responsiveness around the break even price of fuels is increased. Both of these
simulations implied a much quicker response to the oil price chocks than those
actually displayed in the data, thus giving the author support for his assertion that
the model is a good description of reality.

Finally, the model is used to calculate an aggregate time-dependent demand curve
for natural gas. The most important is that the long run elasticity is significantly
larger than the short run elasticity. Another property of the model is that when the
gas price becomes very low, gas demand becomes extremely inelastic. This is
because of saturation; all burners use gas and no further expansion is possible.
Similarly, when the gas price becomes very high, the further drop of an additional
price rise diminishes, and the drop in gas demand is limited to the slow scrapping
of gas burners. In the mid between the two extremes, the price elasticity is as high
as-1,8 for 2005.
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A few critical comments on the formulation can be made. The vintage model
where new burners are automatically converted into old burners after half the
lifetime, seems ill-suited to phase in new burners with higher efficiencies than old
burners. New heating appliances are in many cases more efficient than old
burners, which will depress demand for primary fuels, if the demand for the
derived good (e.g. room temperature) remains unchanged.

4.4 Large-scale energy demand simulation
models

This chapter describes some large-scale models that simulate demand for different
energy carriers in large regions or at the global level. Some of the models have
been developed mainly to analyse global or regional carbon abatement policies or
have been integrated into macro-economic models, but they have a potential
relevance for gas market modelling as well, since natural gas is one important
energy carrier in these models. In the following sections some of these models of
more are reviewed.

4.4.1 GREEN
GREEN is a world general equilibrium model constructed with the purpose of
analysing carbon abatement policies, constructed by the OECD (Burniaux et
al.(l992)).GREEN specifies gas supply and demand in a system of equations
interrelated with other energy demand and supply. The model is specified close to
neo-classical economic theory, but includes the specification of reserves and
supply of energy as well as some "short run" rigidities in through putty clay
mechanisms. The model is quantified by imposing "reasonable" demand and
supply elasticities based on surveys of the literature. The model is covering world
demand and supply for energy and also incorporates important macro-economic
mechanisms important when analysing global abatement policies. The behaviour
in the European gas market is rudimentarily specified, and the transmission and
distribution sectors are modelled only by transport margins in determining prices.

4.4.2 E3ME
The E3ME model (Energy, Environment, Economy Model for Europe) is a co-
product of many researchers' efforts financed by the EU's Joule II-programme, cf.
Barker et al. (1995) and references there. The description below relies heavily on
Golombek and Kverndokk (1996). The model also integrates energy, environment
and macro-economic relationships. It is designed at modelling different energy
and environment policies in an integrated fashion and thus has similarities with
the GREEN model, although its geographical scope is narrower.

The model attempts at integrating the macro-econometric modelling tradition and
the tradition of applied general equilibrium (AGE) models. On the one hand one
utilises estimations on aggregated or sectoral time series using recent econometric
methods and on the other hand one specifies behaviour with close reference to
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theory with the basis of other researchers' results, or by calibrating the model to
obtain "reasonable" long run properties.

The model specifies 14 regions in Europe (Italy and Germany both contain two
regions). The model system is very disaggregated, specifying 32 economic sectors
in each region, and trade between regions. The behavioural equations are based on
theory and estimated by modern time series econometric analysis (co-integration
and error correction models).

In the energy sub-model, aggregated energy demand is estimated by time series
methods where activity, energy prices, a technology variable and temperature are
the crucial variables. Dynamics in energy demand is a result of the estimation
(estimated partial adjustment or more general mechanisms). Energy demand for
oil, coal, gas and electricity is then determined as functions of aggregate energy,
and prices.

4.4.3 SEEM
SEEM (Brubakk et al. (1995)) is constructed in a co-operation between Statistics
Norway and the Energy Research Foundation (ECN) in the Netherlands. The
model calculates demand for coal, oil, natural gas and electricity in each of 13
West European countries. Fuel demand is specified for 5 sectors; industry,
services, households, transport and power production. Below we will outline the
basic features of the country models. SEEM is estimated on aggregate or sector-
wise time series data.

Industry is treated as a whole. Energy demand in industry is an aggregate of coal,
oil, gas and electricity. A Cobb-Douglas aggregation function is assumed. At the
upper level, output is produced by Cobb-Douglas technology by aggregate energy,
labour and capital. By cost minimisation, the (desired or long run) demand
functions for the different fuels are obtained:

(4.4.3.1) X] = B P/P P/p P/p p?T[p?'

where PK is the price index of capital, PL is the price index of labour and Pr is the
price index of aggregate energy. The p/s are price indices of the different fuels
(gas, oil, electricity and coal).

Actual demand is determined by a partial adjustment process to the long run
values through equations like

(4.4.3.2) Xj = A

where A. is the adjustment parameter. A large value of this parameter implies that
the adjustment towards the long run equilibrium or desired value goes quickly.

The energy aggregates are either Cobb-Douglas aggregates (industry and
transport) or CES aggregates (households). The Cobb-Douglas aggregate energy
price index is
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(4.4.3.3) Pr=l
JeN,

where Pr is aggregate energy price index, B is a calibration constant and p,- are the
unit energy prices for the disaggregated energy types.

The household model is a three-level demand system. Different energy aggregates
are specified. At the upper level, energy demand is distributed on electricity and
an sub-aggregate consisting of coal, oil and gas. This aggregate is furthermore
split into coal and an aggregate consisting of oil and gas, at an intermediate level.
Finally the aggregate consisting of oil and gas is split into its two components.
relative prices determine the fuel shares at each level. The functions are log-linear
at the upper level while CES functions at the intermediate and lower levels.

Demand in the service sector is formulated very similar to demand in the
household sector. SEEM also contains a description of energy demand in the
transport sector, where multi level demand functions are calibrated. However, as
the relevance for gas markets is limited, we will not describe this part of the model
further.

Electricity demand derived from the demand functions, is assumed to be supplied
by domestic production. The fuel choice is based on a cost share model, where
cost shares of different fuels depend on relative fuel prices. The fuel share
functions are

(4.4.3.4) Sj =

where
Sj the share of electricity production capacity from plants using fuel j as input
Cj average cost of producing one unit of electricity in plants using fuel j as

input
Aj constant
Nr {coal, oil, gas, renewables, nuclear}

The functions are entirely static, i.e. that the adjustment to cost changes takes
place instantaneously (which seems less realistic). Electricity prices are assumed
to depend on average costs in the electricity sector.

The integrated modelling of all fuels makes SEEM suitable for modelling
greenhouse gas emissions. The static modelling of the fuel choice in the electricity
sector can not hope to capture the gradual phasing out of existing capacity,

4.4.4 MIDAS
MIDAS is a large-scale system of country-specific energy models for medium
term energy planning developed for the Commission of the European Union. The
description is based on Capros et al. (1996). Each national model consists of
approximately 1500 equations and the system is solved annually over a period of
maximum 10 years. MIDAS is an energy model where macro-economic variables
are considered as given although the model has been developed to be used in a
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link to a macro-economic model (the HERMES model of the European
Commission).

The model consists of two modules, the supply module, where energy supply
prices are calculated. Given these prices and macro-economic variables such as
GDP, the model calculates demand for the various energy carriers. The basic
exogenous energy variable is the crude oil price. Supply modules exist for
electricity, refining, gas, coal mining and coke-oven plants. Given crude oil prices
and engineering data of conversion of energy, supply prices are calculated. As
MIDAS is a medium term model, investments and thus capacities in the various
conversion processes are exogenous.

Industrial energy demand is determined in steps. In the first step, demand for
electricity and fossil fuels are determined by two equations where real prices for
each energy aggregate and value added affect energy use. In step two, fossil fuels
is distributed into liquid and solid components depending on relative energy
prices. In step three, disaggregation of liquid fuels to gas and various fossil fuels
takes place.

In the residential sector, energy demand follows from the number of dwellings,
the rate of central heating penetration, the number of degree-days and the share of
households holding electric appliances.

MIDAS focuses on allocation of gas from various suppliers to different demand
segments (countries and sectors). The sub-model for natural gas allocation starts
by considering as given the demand for gas (from the demand sub-model). As
capacities in gas production are considered as given, the gas model calculates the
quantities of (indigenous) supply leaving imports by pipeline and LNG tankers
endogenous. Residual gas supply then becomes an allocation problem; allocate a
given supply to a set of consumer sectors. A load management problem is in the
centre of this allocation procedure. By considering explicit load factors
characteristics for each consumer category, the gas supply model uses an
allocation algorithm, evaluates marginal costs of gas and computes producer
prices.

The model utilises both engineering information and econometric estimations
based on aggregate data. No behaviour within the gas transmission and
distribution is specified. Investment in production capacity is exogenous. The
model contains an aspect of gas markets neglected in other models- the load factor
of the different gas consumer groups. In the model this influences gas deliveries
and capacity requirements and consequently gas prices for deliveries to different
consumer groups.
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4.4.5 Purvin and Gertz9

Purvin and Gertz is a consultancy company who is publishing detailed forecasts
and sensitivity analyses for the development of the European gas market. The
methodology for assessing future gas demand and price sensitivity of gas demand
is based on a detailed examination of different market segments and assessing the
demand effects of changes in the ratios of gas prices to prices of competing fuels.
The procedure resembles the method of system dynamics, but rests on a much
more elaborate empirical basis. Information on technological properties of energy
equipment etc. plays an important part in the analysis. Unfortunately, details in
analytical structures (models) are not published.

Several sub-markets are identified regarding instalment of fuel equipment in new
buildings, new equipment in old buildings, replacement of existing equipment etc.
This is done for many market segments (dwellings and a relatively detailed
classification of industrial sectors). By utilising various data on cost components
and energy efficiencies of different technologies, it is possible to estimate the gas
price that makes energy consumers in each sub-markets indifferent whether to
choose gas or alternative fuels. This is the market value of gas.

Furthermore, a behavioural structure in each market is assumed. If the gas price
exceeds the indifference price, it is assumed that an increasing share of the market
is lost, and if the gas price is lower than the indifference price, a gain in market
share takes place. If gas prices exceed an upper boundary, all of the relevant sub-
market is lost to alternative fuels. At a gas price at the lower boundary, 100 % of
the sub-market in question is taken by natural gas, leaving no demand effect of
further reductions in gas prices. The price elasticity of demand is thus highly non-
linear.

The analysis constructs a baseline for gas demand in each market, based on
overall growth assumptions and assumptions on total energy demand. On the basis
of assessments of gas companies' expected pricing policies, a trajectory for future
gas demand is obtained. An assessment of the price sensitivity of demand is
obtained through the described procedure, based on detailed analyses which
include specific assumptions on behaviour if prices change. The analysis ends up
with country-specific gas demand curves. Gas demand becomes a function of
relative gas price/alternative fuel price ratio and time. The demand effects of
changing prices is much larger in the longer run than in the short run, since the
models include stock-flow relationships and the largest price effects occur for
investment in new heating equipment. The analysis was done at the following
sectoral aggregation10: Residential/commercial (largely space heating), 8 industry
sectors. Four categories of energy use (steam raising, direct heat, power and light,
chemical use) were identified.

9 We include the description under the heading «energy demand modelsw, although their analyses always
include supply side considerations.

1 0 This refers to the analysis in 1987.
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Netback prices were calculated for residential/commercial sector, firm industrial
gas, interruptible industrial gas and feedstocks. Netbacks to producers were
calculated by deducting distribution, transmission and load balancing costs
(including profits). The cost data partly stem from informal contact with
distribution companies. It was distinguished between international transmission
and national transmission. Load balancing costs vary considerably between
countries, while common assumptions on international and national transmission
costs were used.

The overall impression is that formal structures have been imposed in the model
that well reflect the actual decision situations for the agents. The numerical values
of the price responses (elasticities) are only postulated and do seem to be the result
of informed judgement on the basis of investment considerations and costs of
adjustment.

4.4.6 ECON-ENERGY
ECON-ENERGY is an energy demand model developed by ECON, cf. ECON
(1990) and ECON (1994). It covers all world regions except (what was before
called) Eastern Europe and the (former) Soviet Union).

The world is divided in 14 regions and the model specifies 5 primary energy
carriers (crude oil, natural gas, coal, hydropower and nuclear power). Fuel use is
specified as crude oil, heavy fuel oil, light fuel oil, gasoline and jet fuel. The
following sectors are specified in each region: Stationary use, domestic road
transport, air transport, sea transport, petrochemical industry and electricity
generation. Energy demand in each region is determined by a system of inter-
related energy demand functions for each sector. Important exogenous variables
such as GDP, population, energy efficiency and the prices on coal, oil and
regional gas prices (added margins and taxes), are exogenous.

The model is a static simulation model for world energy demand, where demand
is supplied at the given prices. One exception is the electricity market, where both
supply and demand is specified and depreciation and investment in capacity is
explicitly modelled. There is no substitution between electricity and other energy.

Gas market issues
ECON-ENERGY contains price functions for natural gas for deliveries to the
various markets. It is assumed that gas prices are largely determined by
production costs in the different regions.

Price formation is modelled in two steps. First, natural gas prices delivered to a
central point in the market, is modelled as a function of alternative energy prices
and average production costs. Second, end-user prices are functions of the city
gate price and distribution costs plus gas taxes (modelled as an ad valorem tax; tax
in per cent of pre-tax price).

This price formulation ensures that some market value principle effects in natural
gas pricing are present, but the functions do not ensure that in all circumstances.
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Gas prices will be an average of alternative prices and costs in gas extraction,
transmission and distribution.

A simplified application of the market value principle for natural gas implies that
increased gas taxes should be shifted backwards to the producer. The chosen
model formulation in ECON-ENERGY does not display this property. Only a part
of the tax increase is shifted back to the producer, while the rest is shifted forward
to the consumer price, with ensuing effects on gas demand.

Coal prices in each region is calculated as a weighted average of domestic
production costs and import prices. End-user prices in various segments are
determined as producer price plus distribution costs and coal taxes.

Fuel prices are determined from the import price of crude oil. End-user prices for
fuel oils reflect costs in refining, distribution costs and taxes.

Determination of aggregate energy demand

In each sector (in each country), aggregate energy demand is determined by

(4.4.6.1) ^ ^ = ast, • PFOSasn • Yastl • MSHmM -URB
POP v rur ; _,

where
TENS total fossil energy in the sector
POP population
PFOS Average energy price
Y GDP per capita
MSH industry/GDP ratio
URB rate of urbanisation

Total per capita energy use depends positively on per capita GDP, industry/GDP
ratio and urbanisation. Notice the dynamic formulation through a partial
adjustment mechanism.

Modelling fuel choice

Energy demand in most sectors is modelled in a system of demand equations
based on neo-classical economic theory. The general approach is multi-nomic
logit functions where fuel shares of total energy are determined by:

ssQ PS~rSj

(4.4.6.2) S, = ^ \ " i, j =COA, GAS, HFO, OPR

where
Sj fuel share, fuel j
PSj price of energy carrier -p delivered to the sector in question
ssOj parameters
rSj price response parameter (cf. below)

The logit specification implies that that the price elasticities are non-constant, viz:
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(4.4.6.3) e^-rvCl-S,-)
(4.4.6.4) e^-rSj-Sj

This means that the direct price elasticity declines in absolute value with the
market share while the cross price elasticities increase with the market share of the
competing energy carrier. The functional form implies that there are no "break
even" price ratios whereby demand for one of two competing fuels may rapidly
approach zero if price exceeds the cost of the competing fuel.

Gas demand in petrochemical industry

Petrochemical industry uses a significant part of overall gas demand as feedstock
in some regions. Both gas and middle distillates can be used as feedstock, and the
model specifies substitution possibilities between them. Aggregate feedstock (F)
is determined by

(4.4.6.5) F = app0 • (ORE + GRE) • P°m • GDP"""1 • F™

where

ORE is oil reserves in the region
GRE is gas reserves in the region
P is the price of oil products delivered to the petrochemical sector
appj are parameters

Total feedstock use is assumed to be a given fraction of petroleum reserves in the
region. The relationship between feedstock use and the reserves, depend on the oil
price and GDP, in addition to the lagged feedstock use, capturing adjustment
delays. Instead of the oil price, the authors themselves state that an aggregate
feedstock price should have been used as price variable (P). This has probably to
do with a restriction of having a recursive structure in the model, for
computational reasons. The distribution of aggregate feedstock on middle
distillates and gas is determined by:

(4.4.6.6) ""*" ' * ' GRE

F ° \PGASJ {(GRE + ORE) J

(4.4.6.7) OILF = F- GASF

where

GASF is use of gas as feedstocks
OILF is use of oil products as feedstocks
PGAS is the gas price

The share of gas in total feedstock is a function of the relative price of gas to oil
products and the fraction of gas reserves to the sum of gas and oil reserves. The
reserve variable appears with an elasticity of unity, and there are specified no
adjustment lags in the gas share in feedstock-equation.
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Gas demand in the electricity sector

ECON-ENERGY specifies a separate model block for this sector. For each region,
the electricity balance is

(4.4.6.8) ETP = {ELE + NEX) • (l + loss) - (capHYD • HYD + capNUC • NUC)

where

ELE is total use of electricity
ETP is total production of electricity based on conventional thermal power
HYD is production capacity for hydro power
NUC is production capacity for nuclear power
NEX is net exports
loss is physical loss of transmission and trade relative to total production of

electricity
caps

 a r e exogenous capacity utilisation coefficients for hydropower and
nuclear power, respectively (j = HYD, NUC)

Equation (4.4.6.8) determines production of thermal power derived from demand,
net exports and non-fossil electricity.

Thermal electricity (ETP) can be produced by coal (COA), natural gas (GAS) or
heavy fuel oil (HFO). Furthermore, it is assumed that existing capacity is
depreciated by an exogenous (and time-independent) depreciation rate, 8. Gross
addition to capacity in a year, DELTP, is thus determined by:

(4.4.6.9) DELTP, = ETP, - ETP,^ + 5 • ETP,_,

In the third step, gross increase of capacity, DELTP, is distributed to different
electricity-generating technologies, based on relative costs of using oil, gas and
coal. Costs of thermal power are determined by

PG,
(4.4.6.10) CGi = korrG: - + co, j=COA, GAS, HFO

kv j

where

CGj marginal production costs in electricity generation using fuel type j ,
PGj price of energy type j delivered to the electricity sector,
kVj energy utilisation factor for electricity generation using fuel j ,
korrGj normalisation factor
cOj other costs (capital costs) per unit new capacity

Marginal costs of new energy input in electricity generation is determined by the
input fuel price divided by its energy utilisation rate. In addition, unit capital costs
influence total marginal costs of electricity generation. Energy shares in additional
thermal power are determined by a multi-nomic logit (MNL) equation ensuring
adding up constraints are satisfied:
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ss -CG
(4.4.6.11) 5 , = - ^ — - j — z,y=COA,GAS,HFO

XsSCG '

where

Sj the share of new thermal power production from energy type j
sgj normalisation/calibration parameter
Tj price response parameter (cf. below)

The own price elasticities are -r^n-SA and the cross price elasticities are

Tj • S,. The direct price elasticity decreases with the fuel share and approaches zero
as the fuel share approaches unity. The cross price elasticity increases with the
fuel share of the competing energy type that has increased in price.

Energy use of different energy carriers are a weighted fraction of the lagged
energy use and the additional energy used derived from (4.8.7). The following
three sets of equations determine use of coal, gas and HFO in the electricity
sector.

DFITP
(4.4.6.12) COAG, = (l-5)-COAGl_]+S-SCOA-~—

DELTP
(4 .4 .6 .13) GASG, =(l~S)- GASG,_, +S-SGAS

DFLTP
(4 .4 .6 .14) HFOG, = ( l - S ) • HFOG, , 5 S

The first element in equations (4.4.6.12-4.4.6.14) is fuel use in the remaining
electricity capacity of the different carriers, and the second element is fuel use
from the additional capacity. The same depreciation rate for existing capacity is
assumed for the three electricity generating fuels.

The end-user's electricity price is modelled as a weighted average of total
production costs for electricity. Although average costs is the appropriate cost
concept in the way most electricity markets are organised, the model uses the
marginal cost variables introduced above as cost indicators. The electricity price
becomes the weighted average of marginal costs of electricity generation using
lagged fuel shares as weights:

(4.4.6.15) PE = korrG • £ . SGG • £ . SGL,_X

where

PE price of electricity
korrG normalisation variable

The specification of energy demand, especially in the electricity sector and
potentially also in the petrochemical sector is a mixture of optimisation and
explicit modelling of adjustment lags which are important to account for in a
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realistic gas market model as well. The assumption of a common depreciation rate
for different electricity capacities is restrictive, but can easily be relaxed. Gas
supply is not modelled, neither is transmission and distribution sector behaviour.

4.4.7 UK Department of Trade and Industry model
Hodgson and Miller (1995) is a description of the demand side of the energy
model of the UK Department of Trade and Industry, which contains elements that
may be of relevance for the current project. The model explicitly integrates results
from bottom-up studies with results from using modern time series econometric
techniques. The model describes the demand for different fuels (coal, electricity,
gas and oil products). Below we will describe the parts most relevant from a gas
modelling perspective.

Stationary use of energy is distributed into 4 main sectors - Iron and steel industry,
other industry, the service sector and the domestic sector. These sectors are further
sub-divided into sub-sectors more appropriate for estimation and model
specification.

Industrial sectors
Long term price elasticities are determined from an engineering bottom-up model
(the "Science Policy Research Unit" - SPRU - model). The direct long term price
elasticities for gas are -2,1 and -0,8 in «other industry)) and iron and steel,
respectively.

The domestic sector
Energy demand is first divided in three, demand for heating purposes, for cooking
purposes and for domestic appliances. Initially a logit model is used to determine
the percentage of household owning a central heater with a saturation level of 100
%. This percentage is then divided into heaters fired by gas, electricity, oil
products and solid fuel, again using logit models. The percentage of households
using gas is limited to 90 % in the logit equation. This is the only way gas
availability is introduced into the demand function for gas.

Having estimated the percentage of households owning each type of central
heater, the next step is to determine energy consumption, given the stock of
heating equipment. That is done by estimating space and water heating equations
for each heater type.

Cooking demand is treated similarly. In the UK, cookers use both electricity and
gas with nearly equal shares. One then models the share of cookers using gas,
assuming a 90 % ceiling. Then gas demand given the number of cookers is
calculated by multiplying the number of cookers by a «normalised» quantity of
gas use per cooker. No income effects of per household gas use were found in
econometric estimations.

Finally, one equation for energy use from domestic appliances was estimated.
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Overall properties
The analysis represents an integration of bottom-up engineering studies with
econometrically estimated energy demand equations for the UK. The model
specifies demand for different fuels and is thus well suited to analysing carbon
abatement policies, but the model specification has a clear relevance also in gas
market modelling. The distinction between the stock of individual energy-related
energy appliances and actual energy use, increases the degree of realism in the
model. The specification of fuel-specific capital stocks are however confined to
the consumers; the gas network extension, however, is hardly specified (only as a
maximum long run saturation level).

4.5 Overview of demand analyses and
simulation models

This chapter has reviewed energy demand models with very different aims, and
constructed by very different methods. Several of the models have appealing
features regarding realistic modelling of gas demand, but deficiencies are not hard
to find. The review of estimations of neo-classical demand and cost functions
point to a likely conclusion that a realistic model of the European gas market must
resort to more structure than provided by the models used. A realistic description
of gas and other energy demand requires a dynamic formulation, and a more
structural modelling strategy than pure partial adjustment models, should be
seriously considered.

The regional or global models emphasising a close correspondence to neo-
classical microeconomic theory represent in many cases a too simplified picture if
one wants to analyse the changing structures of the European natural gas market.
Recently, one can trace increased structural modelling and integration of
relationships from microeconomics with technical relationships, such as in
ECON-ENERGY and UK Department of Trade and Industry. We believe a
realistic analysis calls for specification of structural variables such as gas
availability, the level of housing stock and possibly other variables. The challenge
is to find the best mix between detail and tractability.

8 NEXTPAGE(S)
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5 Analyses of the transmission
and distribution sector

So far, we have not discussed the behaviour of the intermediate agents between
the suppliers and the users of energy - the firms in the transmission and
distribution (T&D) sector. These companies negotiate producer prices with the
external suppliers of gas and decide on the transmission and distribution margins
that (together with taxes) determine end-user prices. The transmission and
distribution companies also make decisions on the extension of the gas grid and
non-price marketing efforts which may be of crucial importance in the
development of gas demand.

Unfortunately the availability of data for the T&D sectors' costs and profits and
other activities are very hard to come by, and consequently knowledge of the
behaviour and technical properties of the technology in the sector has remained
limited. In the European context, only data-based (i.e. non-econometric) analyses
of T&D sector behaviour are made, largely because of the small number of actors
and the secrecy of the business. Two such analyses will be reviewed below. In the
US, some econometric research on the cost structures and behavioural structures
of transmission and distribution companies have been undertaken. There are also
some empirical analyses from the US where one have tried to test key hypotheses
from the emerging literature on Industrial Organisation, especially related to the
role of gas delivery contracts. The relevance of both these approaches is discussed
in this chapter.

5.1 Data-based analyses of the European
T&D sector

5.1.1 Radetzki (1992)
Radetzki (1992) contains inter alia a discussion on the pricing policies in the West
European gas market and their effects on gas penetration. He notes that the
emergence of the market in the 1960's and most of the 1970's was shaped by the
pricing policies of the Dutch authorities. The Dutch gas resources were discovered
in the late 1950's, and during the initial phase gas was seen as an abundant
resource and priced well below alternative fuel prices. One of the aims of this
policy was to rapidly obtain a large market share for gas, and this was also
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achieved in the Dutch domestic market. The oil price hike in 1973 changed the
situation. After 1973, gas was considered as a scarce resource, so efforts were
made to contain the growth in Dutch gas exports, and the gas pricing policy was
changed. The new principle consisted on setting gas prices at par with alternative
fuel costs, and through re-negotiating of contracts, gas was priced close to oil
products in the various end-user markets. Gas from the emerging gas exporters
USSR, Algeria and Norway were also sold on similar conditions.

Gas' share in West European energy rose rapidly from zero in the early 1960s to
13 % by 1975. From then on, the rising trend was slowed down, although still
noticeable. Radetzki ascribes the slower increase in the gas share since 1975 at
least partly to the new pricing policies. He asserts that rising prices took time to
affect gas demand while at the same time leading to intensified search for
additional gas supplies. Over time, this resulted in an increasing market
imbalance. He also contends that even producers may see it in their own interest
to lower gas prices in order to boost demand for gas. The uncertain factor in this
picture is whether reduced producer prices will be passed through to consumers or
be countervailed by higher energy taxes or profit margins in transmission or
distribution. This points to the interest of the producers to by-pass the
transmission companies to get in direct contact with end-users. Still, the potential
market imbalance remains, according to Radetzki, and he foresees that increased
competition among suppliers soon will undermine today's pricing policies.

Finally, Radetzki makes a few comments about the changes in the North
American gas market after deregulation in the late 1980s, which introduced open
access to the gas grid, which lead to more market-based prices. He asserts that
much of the increased instalment of dual fuel technology in the US was caused by
the deregulation of gas. The high degree of demand flexibility originating from
many end-users possessing dual fuel technology enables a higher capacity
utilisation in the transmission grid than would otherwise have been the case. This
implies lower costs. Radetzki foresees a movement in the same direction in
Europe if more market-based practices be introduced in T&D pricing in this
market as well.

5.1.2 Stoppard (1996)
Stoppard (1996) contains a description of the recent history of the European gas
markets and he also discusses the prospects for and possible effects of more
competition. Of particular interest for our purpose is an analysis of the extent of
monopoly power in the downstream business. The development of prices and
costs from 1984 to 1994 is analysed by using available official data and the scant
data from company accounts to illuminate company behaviour.

The fall in crude oil prices during 1985/86 resulted in declining European import
prices for gas. In 1985/86 gas costs fell considerably for all major transmission
companies at the Continent. The erosion of monopoly rent in the upstream
business spurred huge cost reductions which partly restored profitability there.
However, Stoppard concludes that the reduced gas supply prices just have been
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passed on to end-users, with no sign of cost reductions in the transmission
companies. The non-gas costs of all five major transmission companies11 he
analysed were broadly flat from 1984 to 1994 (with a possible exception for
British Gas). The result was that the downstream part of the gas chain took up a
greater share of the market value of the gas than before 1985. The oil price shock
of 1985/86 neither intensified inter-fuel competition nor triggered any cost
reductions in the downstream sector, according to his analysis.

Stoppard also examines how the downstream companies maintained their margins
by calculating series for non-gas costs (incl. profits) by subtracting import prices
from end-user prices (net of taxes) for households and for industry, respectively.
The results for Germany (Ruhrgas) are displayed below.

Figure 5.1 German (Ruhrgas) non-gas costs, constant prices. 1984 =100.

Germany. Non-gas costs, 1984= 100
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Source: Stoppard (1996)

The basic result is that an increasing difference emerged after 1985 between non-
gas costs for the residential and the industrial sector. This development was found
in four of five countries. In Germany (Ruhrgas), non-gas costs for gas deliveries to
industry declined by more than 20 % from 1985 to 1994, while the non-gas costs
increased by 6 % for gas deliveries to the residential sector. For Italy, the
discrepancy between non-gas costs to industry and to the residential sector seems
to be the strongest in the countries under consideration. Stoppard interprets this
development that transmission and distribution companies have defended
themselves by relying more on revenues from the less price-elastic markets (the
household sector).

The radical deregulation of US gas markets since the mid-1980s have introduced a
competitive market in the gas industry. In Europe, competition is only emerging
slowly, partly through integration of upstream companies into the downstream
sector (especially by Gazprom, in Germany through the joint venture Wingas). An
indication of the effect of different market structures might be found by

These were British Gas, Gaz de France, Distrigaz, Ruhrgas and Snam.
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comparing the non-gas costs in the deregulated and competitive US market with
costs in the oligopolistic European market. European gas end user gas prices (net
of tax) were much higher than US prices in the mid 1980s, measured in common
currency, and the difference has tended to rise.

Noting that this may be due both to different supply prices and exchange rate
movements, Stoppard isolates the effects of T&D margins by calculating indices
of non-gas costs defined as industry prices less upstream gas costs, in USD for
USA and measured in ECU for Europe. Figure 5.2 shows the development of non-
gas costs in USA and Europe corrected for exchange rate developments.

Figure 5.2 European and US non-gas costs in gas transport, constant prices,
1984 = 100. Local currencies

Non-gas costs, 1984 = 100
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Source: Stoppard (1996)

Overall non-gas costs in Europe have changed little or increased slightly during
1984-1994 while US non-gas costs have declined by more than 35 % from in the
same period. Stoppard interprets these divergent developments to a large extent as
related to the deregulated and more competitive (or more strictly regulated) T&D
industry in the USA, compared to the oligopolistic European gas transmission
industry.

5.2 Analysis of gas contracts
Long term gas contracts have played a predominant role in gas supplies in the
USA and still is an important attribute of the European gas market. Long term
contracts are means of reducing uncertainty for agents having to invest in long-
lasting capital that has no or little value other than in its intended use. Contracts
are particularly relevant in the development of gas fields and the construction of
high pressure pipelines for long distance transmission. In the debate over TPA in
Europe, gas producers and others claim that risk reduction by long term gas
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contracts is a requisite for development of further gas fields and transmission
lines. Proponents for more competition in stead see the existence of long term
contracts as a means to exert (illegitimate) market power by restricting the choices
of the agents in the market place.

These views point to two interpretations related to the theory of industrial
organisation a) the transactions cost approach - that the contract reduces
transaction costs and helps to attain a long term optimal outcome, and b) the
market model approach - that the contract is only an instrument to exert market
power.

Contracts - market power or reduced uncertainty?

Research on gas contracts has not been plentiful, mainly due to the secrecy that
surrounds the contracts. Among the few, Hubbard and Weiner (1991)'s analysis of
US gas contracts is of interest. This has been possible in the US but not in Europe
where no available information about such contracts have been available. Still, an
analysis from the US can be of more general interest.

Hubbard and Weiner use a data set on gas contracts between gas producers and
pipeline owners signed during the 1950s. A model of bilateral bargaining is
presented. The purpose of the paper is to consider the relative effects of
transaction specific and market-power specific variables in outcomes of contract
negotiations. Thus, the bargaining model initially includes both types of variables
and the empirical work entail testing for the presence of these variables.

In the analysis Hubbard and Weiner estimate an equation for contracted gas price
where market structure variables, transaction-specific variables and cost variables
are present. Market structure variables were proxied by concentration indices on
the seller and the buyer side, indicating the potential presence of monopoly or
monopsony power. Among the variables proxying the transaction-specific
variables were seller and buyer size in the actual transaction (both in terms of
traded quantities and in the number of contracts). The authors interpret these
proxies as representing inter alia organisational capabilities and knowledge about
market conditions, which are the theoretical variables from the theory of industrial
organisation.

The empirical analysis indicated the presence of pipeline monopsony power in the
determination of contract prices, a result the authors note is consistent with the
discussion of the gas market in the 1950s. The coefficient estimates also reflect
the importance of transaction-specific and firm-specific characteristics in contract-
price determination. Buyer size has a positive effect on contract price, but the
results indicate that the number of contracts yielded higher explanatory power
than company size, a feature the authors interpret as reflecting the information-
gathering process of having many contracts.

In addition to the price equation, an equation determining the presence of specific
escalation clauses in the contracts were also estimated, using a similar distinction
between market-structure and transaction specific variables. The authors conclude
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that the presence of such clauses can only be explained by transactions cost
variables and that market-structure variables are insignificant in this equation.

The authors conclusion is that far from being just a means of exerting market
power, long term contracts are important instruments in solving problems related
to information, and protection against opportunistic behaviour. They find,
however, evidence of a certain exertion of market power from the pipeline owners.
Their overall message is that contrary to the market-structure argument that long
term contracts are an obstacle to economic efficiency, such contracts were
effective at co-ordinating production and exchange in the presence of potential
opportunistic behaviour.

Contract management in a transmission company

Boucher et al. (1987) is an analysis dealing with the uncertainty facing a
transmission company. By agreeing on a take or pay contract with a producer, it
commits itself to pay for a specified quantity of gas for a given price. It plans to
sell the gas in the future to the different market segments.

Future demand is uncertain and the transmission company may run into a supply
shortage if demand exceeds contractual volumes. That means profits foregone or
other sanctions. However, if demand turns out to become less than expected, the
company will have to pay for gas it can not sell to end-users.

According to the analysis, the transmission company may handle this uncertainty
by choosing producers that can offer flexible supply12. It is asserted that USSR
can offer more flexible supply than Norway. The transmission company may
regulate gas demand by changing the gas price. This means that if gas demand
grows very rapidly as a consequence of high economic growth, the transmission
company may prevent a supply shortage by raising the gas price so that gas
demand is sufficiently reduced.

The model consists of a gas demand function for Europe for firm and interruptible
end-users. There are constraints expressing the restriction that supply must exceed
demand minus quantity not supplied to interruptible users. The transmission
company maximises expected profits, given the uncertainty over gas demand and
given the flexibility of Norwegian and Russian gas, respectively. The transmission
company chooses which producer to buy from. The analysis ends up with
calculations of the discount which Norway has to offer compared to USSR.

Other sources of diversification is possible, e.g. construction of gas storage facilities to match seasonal
demand fluctuations, but this is not discussed in the article. The article focusses on fluctuations extending
beyond the annual seasonal fluctuations.
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5.3 Econometric analyses of cost structures
and price determination in T&D in
USA

In a project on the future development of the European gas market it will be very
useful to know the cost structures in T&D and how margins are set. Questions that
may arise are inter alia: How significant are economies of scale in transmission
and distribution, are (potential) economies of scale different whether gas
penetration takes place in densely populated areas from the case of connecting
new communities to the grid?

Few or none statistical analyses have been done on this subject in Europe, because
of the data situation. In the US, however, a literature has emerged, whereby
analysts have had access to company data and utilised these in econometric
analyses. These analyses had different objectives, but estimation of cost structures
and effect of various factors on price formation were a common denominator in
these studies. The results from the US may be of relevance in a European context
of changing market structures if we could transfer key results e.g. regarding
relative costs of serving different markets or effects of ownership on pricing
behaviour. Below we review some analyses on the T&D sector in the USA.

5.3.1 Cost functions
Guldmann et al. (1983, 1984) are among the few econometric analyses of the cost
structure in gas distribution. The aim is to quantify the effects of various factors
on gas distribution costs, such as the composition of the market (residential or
industry) and factors influencing the costs of expanding the gas grid. The data are
cross-section for 1976 and covers 101 communities served by two distribution
companies.

A multi-product cost function for each gas distribution company is estimated.
Guldmann estimates costs as a function of gas sales to households, the number of
household customers, gas sales to the non-residential sector, the number of
customers in the non-residential sector and population density. Among the results
are that

• cost elasticities differ significantly between the two companies, probably
reflecting different topographical, locational and urban/rural conditions,

• marginal costs for gas delivered to the residential sector was in one of the
companies 5 times as high as marginal costs for deliveries to the non-
residential sector (in the other company the estimated marginal cost for non-
residential deliveries was zero),

• population density had a negative impact on costs, but with large differences
in the estimated elasticity between the two companies. Guldmann asserts
that this may be because the effect of density in fact becomes higher, the
higher is the actual level of density in a gas distribution area (although this
is not a result of the estimations),
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• estimated scale elasticities differ whether volume expansion takes place at
unchanged population density or by increased population density. At
constant population density, estimates of the inverse of the scale elasticity
range from 0,91-0,94 and with increased density, the range is 0,69-0,85.

The 1983 study assumed constant elasticities wit. the explanatory variables by
estimating log-linear equations. Guldmann (1984) re-examines the results from
the 1983 study by allowing for a more flexible functional forms by using a Box-
Cox transformation. As a result of the transformation, the elasticities are not
constant. The main results are:

• the economies of scale at given population density, i.e. expansion at the
fringe of the gas area, changes little with market size,

• the economies of scale decreases sharply with market size when expansion
takes place by gas densification,

• for a given market size, the economies of scale when expansion takes place
through densification, increases with the level of density, i.e. the economies
of scale of expansion with further densification is larger in areas where
density is already high.

One interpretation of the results is that increased gas penetration in large
metropolitan areas may create network congestion problems, hence requiring
larger capacity expansions than in smaller urban areas, with the corresponding
costs partly offsetting the savings achieved by densification. If marginal costs in
serving households are higher than marginal costs of supplying industry by a
factor of 5 or even more, and that this result may be transferred to the European
context, this may have important bearing on future gas prices in a gas market
where distribution companies act more like private companies and less like public
service utilities than they do today.

Aivazian et al. (1987) estimates a cost function for the North American
transmission industry, using data from 14 transmission companies over the period
1953-1979. The aim is to quantify the extent of economies of scale and of
autonomous technological progress. They estimate a trans-log cost function where
output is measured in cubic-feet-miles, and the following production factors are
specified: labour, line-pipe capital services, horsepower capital services and fuel.
The scale elasticity was estimated to 1,92. Using this estimate, the authors were
able to decompose the growth in total factor productivity stemming from
utilisation of economies of scale and from technological progress. They conclude
that unlike previous studies technological progress was at least as important as
scale economies. This points to the possibility of continued productivity increases
in the transmission business in the future, even if the quantity transported does not
increase significantly.

Often, best judgement allocation of costs on different market segments form the
basis of T&D companies pricing decisions. Klein (1993) compares this method
with econometric estimates of costs along similar lines as Guldmann and others
reviewed above.
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The cost function used is a trans-log multi-product cost function where total
operating costs are explained by variable input prices, capital costs and gas output
to the different customer groups.

The cost allocation method consists of first allocating costs subjectively to
categories of "commodity", "customer" and "demand" costs. Commodity costs are
defined as costs which vary with the quantity sold, customer costs vary with the
number of customers and demand costs vary with serving the system peak. The
money amounts in each category are then divided among the customer classes
using allocation factors. These allocation factors are subjective, and may for
instance be the share of each customer class in total quantity sold. After all costs
have been allocated, one can calculate net revenues (revenues minus allocated
costs) per unit gas sold to each sub-market.

A distribution company will set prices to each sub-market based on the assessed
costs of serving each of them. The effects of using the two cost measures in the
distribution company's pricing decisions are calculated. It is shown that the two
procedures yield very different results.

Granderson and Lindvil (1996) is another example of an econometric analysis of
the cost structure in the US gas transmission industry. They utilise an eleven-year,
twenty-firm panel data set of interstate pipeline companies, estimate a trans-log
cost function and associated input share equations and emphasise testing for cost
effects of regulation (US transmission companies are rate-of-return regulated).
Total Factor Productivity Growth was negative over the period studied, i.e. there
was a significant regressive technical change. Significant economies of scale were
found, and the scale elasticity was estimated at nearly 2 at the end of the sample
period. Over the period 1977-1986, output in the industry fell by almost 9 % per
year on average. Estimated average annual change in TFP accounted for 60 % of
this and the scale effect for most of the remaining decline. The direct effect of
regulation was found to be small. One peculiarity of the analysis was the finding
of regressive technical change. The result follows from the increasing returns to
scale effect accompanied by reduced output over the period.

5.3.2 Costs of grid expansion
Guldmann and Hanson (1991) is a comprehensive analysis of the profitability of
expanding the gas distribution grid in New England. The overall problem is to
assess whether it be profitable to increase gas penetration in these states. The
problem is approached by estimating a cost function for the gas distribution in the
area, utilising a data set covering a cross-section of 240 communities. The
distribution costs were regressed on gas deliveries to and the number of customers
in residential and non-residential markets. In addition, community population
density, the state load factor and the utility wage rate were included as explanatory
variables for distribution costs.

The model specification and the estimation results enabled the authors to calculate
marginal costs of increased gas deliveries depending on the direction of market
expansion. Four expansions were specified: existing gas customers, new
customers close to existing grid, new customers "in the neighbourhood of"
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communities already served by gas and finally customers in communities without
access to the delivery infrastructure.

The cost of market expansion turned out to differ significantly depending on in
which market expansion took place. Among the conclusions were that:

• marginal costs differ highly within each market segment,

• within an already developed gas area, marginal costs of expansion are higher
for residential gas than non-residential gas with a factor of more than 10,

• within each group, marginal costs are of course much lower when expansion
implies connecting new customers within a gas area than when additional
pipelines to unconnected communities must be constructed. Expanding into
a neighbourhood implies approximately a doubling of marginal costs
compared to a new customer within the gas area,

• price discrimination favouring households is widespread.

5.3.3 Utility pricing
Analyses of electric utilities' price setting behaviour in the US are numerous, but
only a few analyses of the gas distribution industry's price decisions have been
undertaken. One of these is Hollas (1990). His analysis is occupied with possible
differences in price setting behaviour between regulated private utilities and
unregulated municipal utilities in the US.

In order to determine possible differences in pricing behaviour between private
regulated utilities and municipal unregulated utilities, Hollas estimates a three-
equation model based on a cross-section of utilities from 1976. He specifies 6
customer groups (residential with space heating, residential without heating, firm
commercial, interruptible commercial, firm industrial and interruptible industrial
customers). In order to detect price discrimination, it is necessary to estimate
differences between prices and marginal costs for different segments. Price
discrimination may appear through different price-marginal cost differentials for
different markets.

Price equations are expressed as functions of quantity demanded, average costs,
storage, load factor, prices of alternative energy, ownership form and some other
variables, including regulatory dummies. Average cost equations include as
explanatory variables quantities supplied, prices of variable inputs, the amount of
fixed input (underground storage), number of customers, regulations, ownership
variables and other variables such as service area density.

The dummies for regulation came out significant in the price equations. They
imply, cet. par. (especially given average costs) lower prices in municipal utilities
than in private utilities of a magnitude of 10-30 % in the residential heating and
non-heating sectors and in the firm industrial and commercial customer groups.
This indicates that the major beneficiaries of unregulated municipal utilities are
residential customers and firm non-residential customers. The author interprets
these results as a corroboration of a hypothesis that municipal utilities set prices in
order to maximise political support.
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The results from the cost functions lend support to a hypothesis that regulated
private costs and unregulated municipal costs are higher than those of an
unregulated private utility. The final effects of ownership on gas prices must take
both the cost effects and the pricing effects given costs into account. The
estimated net effects imply that benefits of municipal service in the form of low
gas prices are concentrated in the residential heating sector while the benefits of
state regulation and private service are greatest in three of the other groups. This
implies that the demand for unregulated public service will be greatest in small
communities with a high proportion of residential customers.

5.4 Spot price formation in USA
Deregulation of the US gas market increased gas to gas competition. Also a gas
spot market emerged, de Vany and Walls (1993) and King and Cue (1996) analyse
whether open access has generated enough competition in the wholesale gas
market to remove spot market price differences between different locations in the
gas network. Both analyses utilise recent advances in time series econometrics, de
Vany and Walls use co-integration techniques while King and Cue uses the
Kalman filter. Both procedures imply testing whether differences in prices at
different locations in the market are stationary. Both analyses conclude that price
convergence in natural gas spot markets has increased significantly since
deregulation, although full price equalisation is still not reached. Below we
summarise King and Cue's article, since this seems to encompass de Vany and
Walls.

Under the law of one price, the price of a good in market j , Pj; can be expressed as
the price in market i (P() plus the relevant transportation and transaction costs
between the two markets (ay):

(5.4.1) /», = P,+a f f

In a stochastic framework where time is introduced, the relationship may be
written as

(5.4.2) Pj^a^+frjyPu+e,

where st is a random error with zero mean. The law of one price implies that Py =
1 for any time t.

The Kalman filter produces time-dependent estimates of Py. The first years after
deregulation, the estimates of Py were considerably below unity, but by 1995, they
had increased to a value close to unity for most price-pairs. The overall conclusion
is that price convergence has taken place in the North American gas spot market.
However, price convergence appears weaker between some regions. The authors
attribute the lack of full convergence to shortage of transportation capacity from
the production areas to consuming areas.
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5.5 Overview of T&D analyses
This chapter has reviewed a very diverse literature (mainly from the US), which
we still believe might shed light on structures in the European downstream gas
industry as well as yield impulses in our modelling efforts. The data-based
analyses of European T&D margins points to possible consequences of profit-
maximising behaviour. The results point to a tentative conclusion that large
European transmission companies pursue some degree of price-discrimination in
favour of less-elastic market segments. Of less direct modelling relevance but
potentially important in our interpretation of the optimality in a market structure
characterised by large companies using long term gas contracts, are the results of
the Hubbard and Weiner study. They conclude that to a considerable degree, long
term contracts (implying deviations from short-term market clearing for given
capacities) is a device that helps reaching a long term optimal outcome, not (only)
to exert market power. The econometric analyses of US T & D companies yield
numerous empirical results. The question is how useful they are for our purpose.
We think that these analyses may prove useful. First, some empirical conclusions
about relative cost differences of serving different market segments should to
some extent be transferable in a European setting, although the absolute levels
may not be so. US research on price formation may be of interest but the direct
transferability is probably not straightforward. Studies of price formation by US
gas distribution companies have focused on effects of ownership (private or local
government) and the effects of regulation. The estimated effects point to important
hypotheses of a potential change in ownership in Europe as well, but this must be
interpreted with great care since the implementation of regulation differs highly
between USA in the estimation period for the reported analysis and under (a
hypothetical) European regime of regulation. The analyses of price differences in
the US wholesale gas spot market is of interest since it points to some deviations
from perfect competition in a situation where casual observation might lead one to
conclude that there was approximate only one common price. However, the results
from that particular analysis bear little direct relevance to a European setting
except for methodological reasons.
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